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Introduction
In this contribution, we provide our views on the R19 AI/ML for air interface scope of work.  
Discussion
R18 RAN1 led use cases
The R18 RAN1 led study item mainly focuses on three use cases: CSI enhancement, beam management and positioning. In RAN1 #113, the initial draft TR was approved [1].  
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 both sub-use cases, the following alternatives are studied for the predicted beams:
· DL Tx beam prediction
· Beam pair prediction (a beam pair consists of a DL Tx beam and a corresponding DL Rx beam)
For positioning use case, two sub-use cases have been studied:
· Direct AI/ML positioning: 
· AI/ML model output: UE location
· e.g., fingerprinting based on channel observation as the input of AI/ML model 
· AI/ML assisted positioning: 
· AI/ML model output: new measurement and/or enhancement of existing measurement
· e.g., LOS/NLOS identification, timing and/or angle of measurement, likelihood of measurement
Out of the total six sub-use cases, only CSI compression is two-sided model sub-use case. All the remaining sub-use cases are one sided model. While the two-sided model is a key use case for the framework study, it is also the most complicated sub-use case for real world deployment. The deployment challenge was discussed for each training collaboration types, and each training collaboration type has its own limitation. It can be also be observed that the CSI compression use case performance gain is modest, and even this gain is achieved under idealized assumptions. It is common sense that large specification impact should be justified by large gains.  Since R19 will be the first release of a specification with AI/ML related features, we propose to focus on the use cases using one sided models with the highest observed gain. 
If CSI compression using two-sided model sub-use case is included as part of the WI, down-scoping is required since the current CSI compression sub-use cases include many options, such as: 
· Three training collaboration types
· Two different CSI input types including precoding matrix and channel matrix. 
· With and without domain transformation pre/post-processing
· Quantization: scaler/vector quantization, uniform/non-uniform etc. 

Proposal 1: Prioritize sub-use cases using a one-sided model with the highest performance gain for R19 WI. 

Proposal 2: For CSI enhancement, prioritize CSI prediction using a UE side model. 

Proposal 3: For CSI enhancement, if the CSI compression sub-use case is to be included as part of the WI, down-scoping is required to limit the WI scope. 

In the beam management use case, for DL beam pair prediction where UE Rx beam is predicted and when the model is at the NW side, the NW indicates the UE Rx beam to the UE. Since UE side beam management is primarily about UE implementation, DL beam pair prediction violates this principle and in addition, requires the UE to disclose proprietary UE beam information to the NW. As such, for the beam management use case, the WI should de-prioritize DL beam pair prediction sub-use case.  

For DL beam prediction when the NW Tx DL beam is predicted and when the model is at the UE side, the NW needs to send assistance information to the UE to indicate the set A and set B relationship to facilitate beam prediction. During the R18 SI, many NW vendors have raised concerns about disclosing NW vendor proprietary beam information. Secondly, UE side training/UE side inference with beam management models needs to either tackle model generalization issues, or resort to site specific models, and each of them has many challenges. Therefore, NW side train and NW inference with beam management models is an easier and more feasible solution to achieve the AI/ML performance gain. As such, for the beam management use case, the WI should prioritize spatial domain and time domain DL beam prediction using a NW side model.
  

Proposal 4: For beam management use case, de-prioritize DL beam pair prediction sub-use case.  

Proposal 5: For beam management use case, prioritize spatial domain and time domain DL beam prediction using a NW side model.  

For the positioning use case, it has been observed that direct positioning suffers significant performance loss when the environment changes such as moving from one factory to another factory. Due to the worse generalization performance, we propose to focus on the AI/ML assisted positioning in R19 WI.  

Proposal 6: For positioning use case, prioritize the AI/ML assisted positioning sub-use case which has better generalization performance. 

New use cases for study 
Many use cases have been discussed in the R18 workshop. Other than the three selected use cases, the other two popular use cases are: channel estimation using AI for RS overhead reduction, and mobility. It is important to study and evaluate the gain of the other use cases as well.  
AI based mobility enhancement.
AI/ML can be used for mobility enhancement in many different aspects, covering RAN1, RAN2 and RAN4 scope. 

For L1 based mobility enhancement, applying AI/ML for multi-TRP beam prediction is a straightforward extension of R18 beam management. In the R18 beam management study, the set A and set B beams are limited to one TRP. To extend to L1 based mobility, set A and set B can be extended to multiple TRPs, and with spatial consistency modeling, the spatial/time domain DL beam can be predicted based on UE trajectory. 

AI/ML based L3 mobility enhancement can be a study item led by RAN2. The study may cover regular Hand Over (HO), Conditional HO (CHO), and Dual Connectivity (DC). We think these are the features which can benefit the most from AI/ML optimizations. The AI/ML algorithms, implemented in a UE and the network, can improve HO performance, eliminate unnecessary and failed handovers, prevent Radio Link Failures (RLFs) and reduce network resource usage. 

Another aspect of mobility enhancement are RRM measurement, which can be a study led by RAN4. For example, in the current RAN4 specification, for FR2 measurement, there is a scaling factor of N=8 in most of the measurement requirements. This introduces a hugh overhead of scheduling restriction, which result in significant DL throughput degradation. With AI/ML, it is possible to perform smarter measurements thereby reducing the overhead of scheduling restriction. There are other aspects of RRM, which can benefit from AI/ML.

Regarding how to organize the related study, we are open for further discussion.

Proposal 7: Additional use cases can be studied in R19 as part of SI scope. 

Proposal 8: AI/ML based L1 mobility enhancements can be a straightforward extension of R18 beam management sub-use case. 

Proposal 9: The RAN2-led SI objective on mobility should include the following use cases: regular Hand Over (HO), Conditional HO (CHO), and Dual Connectivity (DC).

Proposal 10: AI/ML based RRM measurement enhancements can be studied in RAN4 as part of mobility enhancement.  

AI based channel estimation.   
Applying deep learning for channel estimation is an example where the statistical model is unknown. Conventionally pilot-based channel estimation methods, i.e., LMMSE channel estimator uses the pilot values in time-frequency grids to find the channel response for all the data tones. Mis-matched channel statistics and noise variance degrade the practical LMMSE channel estimation performance in modem implementation.  
Using a data based deep learning approach, the time-frequency response of a fading communication can be modelled as a two-dimensional image. The channel estimation problem has similarity to the super resolution deep neutral network in image processing application. This scheme in [4] considers the pilot values as a low-resolution image and uses a super resolution network cascaded with a denoising image restoration network to estimate the channel. The estimation error shows that the presented algorithm is comparable to the minimum mean square error (MMSE) with full knowledge of the channel statistics, and it is better than an approximate LMMSE.
The above method can be further extended to the space dimension in spatial domain in MIMO channel estimation. A 3D CNN can be used to exploit the time, frequency, and spatial domain correlation to further improve the channel estimation performance compared to the 2D CNN method in [4]. Fig 1 shows the channel estimation MSE comparing the 3D CNN channel net versus linear interpolation and practical 5G channel estimator. More than 3dB normalized MSE gain is observed comparing to practical NR 5G channel estimator. 

The improved channel estimation performance may be used to improve the overall system performance with the same RS overhead or keep the same system performance with a reduced RS overhead. Reduction of the RS overhead may have specification impact hence the need for a study.

[image: ]
Fig. 1. Performance comparison of 3D CNN channel net versus traditional channel estimation 

Proposal 11: Further study the AI/ML based channel estimation and RS overhead reduction in R19.  


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: Prioritize sub-use cases using a one-sided model with the highest performance gain for R19 WI. 

Proposal 2: For CSI enhancement, prioritize CSI prediction using a UE side model. 

Proposal 3: For CSI enhancement, if the  CSI compression sub-use case is to be included as part of the WI, down-scoping is required to limit the WI scope. 

Proposal 4: For beam management use case, de-prioritize DL beam pair prediction sub-use case.  

Proposal 5: For beam management use case, prioritize spatial domain and time domain DL beam prediction using a NW side model.  

Proposal 6: For positioning use case, prioritize AI/ML assisted positioning sub-use case which has better generalization performance. 

Proposal 7: Additional use cases can be studied in R19 as part of SI scope. 

Proposal 8: AI/ML based L1 mobility enhancements can be a straightforward extension of R18 beam management sub-use case. 

Proposal 9: The RAN2-led SI objective on mobility should include the following use cases: regular Hand Over (HO), Conditional HO (CHO), and Dual Connectivity (DC).

Proposal 10: AI/ML based RRM measurement enhancements can be studied in RAN4 as part of mobility enhancement.  

Proposal 11: Further study the AI/ML based channel estimation and RS overhead reduction in R19.  
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