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Introduction
In this contribution, we provide our views on the R19 AI/ML for air interface scope of work. RAN plenary chair provided the high-level summary and guidance regarding RAN Rel-19 RAN1/2/3-led package in RP-232745 [1].  Regarding R19 AI/ML, it is quoted below:  
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In [2], RAN1 conclusion based on RAN1 #114bis and RAN1 #115 discussion is included in Section 8. Both beam management and positioning are recommended for normative work, while general aspects, CSI compression and CSI prediction is not recommended from RAN1 perspective. 
 
In this paper, we discuss different use cases and potential study and work focus in R19.  
Discussion
CSI compression  
In RAN1 #115, the following summary and recommendations are agreed for CSI compression. 




The performance benefit and potential specification impact were studied for AI/ML based CSI compression sub use case. 
· Evaluation has been performed to assess AI/ML based CSI compression from various aspects, including performance gain over non-AI/ML benchmark, model input/output type, CSI feedback quantization methods, ground-truth CSI format, monitoring, generalization, training collaboration types, etc. Some aspects are studied but not fully investigated, including the options of CQI/RI calculation, the options of rank>1 solution.
· Performance gain over baseline [and computation complexity in FLOPs] are summarized in clause 6.2.2.8 of TR 38.843. 
· Potential specification impact on NW side/UE side data collection, dataset delivery, quantization alignment between CSI generation part at the UE and CSI reconstruction part at the NW, CSI report configuration, CSI report format, pairing information/procedure and monitoring approach were investigated but not all aspects were identified. 
· The pros and cons are analysed for each training collaboration types, and each training collaboration type has its own benefits and limitations in different aspects. The study has investigated the feasibility of the studied training collaboration types and necessity of corresponding potential RAN1 specification impact. However, not all aspects have been concluded.
· Both NW side and UE side performance monitoring were studied, some but not all aspects were concluded.

From RAN1 perspective, there is no consensus on the recommendation of CSI compression for normative work.
· At least the following aspects are the reasons for the lack of RAN1 consensus on the recommendation of CSI compression for normative work.
· Trade-off between performance and complexity/overhead
· Issues related to inter-vendor training collaboration 
· Other aspects that require further study/conclusion are captured in the summary

















 




CSI compression is the only two-sided model in R18 AI/ML SI. Enabling two-sided model over 3GPP air interface naturally faces more challenges compared to one-sided model use case. In R19, the CSI compression sub-use case can be further studied to address the main concerns captured in the RAN1 summary.  

In the Rel-18 study, to limit the evaluation load, the CSI compression sub-use case was limited to spatial-frequency domain, with a focus on a generalized model for all the cells. To address the performance gain issue, it is desirable to expand the scope to evaluate the full potential of the two-sided model in Rel-19.  With the autoencoder framework for CSI feedback, UE side processing is encompassed in an encoder which generates a latent space representation, and NW side processing is encompassed in a decoder which takes in a latent space representation and generates a target CSI. Viewed from that angle, the conventional CSI feedback design provides a standardized mapping between CSI feedback (which can be viewed as a kind of latent space representation) and target CSI. In contrast, the mapping between latent space representation and target CSI is not standardized for AI/ML; how to provide the design freedom at UE and NW while supporting inter-vendor training collaboration needs further study, to identify feasible training collaboration type(s).

On potential specification impact, some remaining aspects are not concluded particularly on performance monitoring. With the two-sided model, either NW side performance monitoring or UE side performance monitoring has its own limitation. NW side performance monitoring incurs the high overhead and increased UE complexity to support the high accuracy ground truth CSI feedback. For UE side performance monitoring, details on how the NW sends the reconstructed CSI efficiently (e.g., using pre-coded CSI-RS instead of sending the output CSI directly), whether UE should use eventual KPI (e.g., hypothetical BLER) or intermediate KPI, and the UE side performance monitoring procedures are not discussed. 

Proposal 1: Further study the following aspects for CSI compression using two-sided model:  
· Methods to further improve the performance gain over legacy CSI feedback, and/or reduce the AI/ML complexity.
· e.g. cell/site specific model, model using past CSI as input, joint CSI prediction and compression which were proposed by a few companies in R18.
· Further evaluation aspects that are not fully investigated, including CQI/RI calculation options, particularly with max rank 4.
· Further investigate and conclude the remaining aspects of potential specification impact. 
· NW side performance monitoring and UE side performance monitoring. 
· Model identification procedure for CSI compression sub use case. 
· Identify the feasible training collaboration type(s) and corresponding potential RAN1 specification impact, if any. 


CSI prediction 
In RAN1 #115, the following summary and recommendation are agreed for CSI prediction. 
The performance and potential specification impact were studied for AI/ML based UE side CSI prediction sub use case. 
· Evaluation has been performed to assess AI/ML based CSI prediction from various aspects, including performance compared to baseline, model input/output type, generalization over UE speed, etc. Some aspects are studied but lack observations, including scalability over various configurations and generalization over other scenarios and approach of fine tuning. Performance monitoring accuracy is not evaluated.  
· Performance compared with baseline is summarized in clause 6.2.2.8 of TR 38.843.
· Potential specification impact on data collection and performance monitoring are discussed in section 7.2.2 of TR 38.843. 
· Limited specification aspects were considered.

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.




















Similar to other one-sided model sub-use cases, CSI prediction is less complex compared to CSI compression. In the evaluation, two performance benchmarks were studied: sample and hold benchmark, and the filter-based CSI predictor based on a statistical model. For filter-based predictor performance, there is no calibration of the filter performance in both R18 AI study, nor in R18 MIMO.  In R19, the CSI prediction sub-use case can be further studied to address the main concern captured in the RAN1 summary.  

Proposal 2: For AI-based UE-sided CSI prediction use case further investigated the following aspects:  
· Necessary signaling/mechanism(s) to facilitate data collection, model inference and performance monitoring.
· Signaling/mechanism(s) to facilitate necessary functionality-based LCM operations.  
  
 Beam management and positioning enhancement 
In RAN1 #115, RAN1 recommend both the beam management and positioning enhancements for normative work with the following focus: Beam Management:
For AI-based beam management, from RAN1 perspective, at least the following are recommended for normative work
· Both BM-Case1 and BM-Case2
· BM-Case1: Spatial-domain DL Tx beam prediction for Set A of beams based on measurement results of Set B of beams
· BM-Case2: Temporal DL Tx beam prediction for Set A of beams based on the historic measurement results of Set B of beams
· DL Tx beam prediction for both UE-sided model and NW-sided model
· Necessary signaling/mechanism(s) to facilitate data collection, model inference, and performance monitoring for both UE-sided model and NW-sided model
· Signaling/mechanism(s) to facilitate necessary LCM operations via 3GPP signaling for UE-sided model














Positioning:
It is recommended to specify necessary measurement, signaling and procedure to facilitate training, inference, monitoring and/or other LCM operations for both direct AI/ML positioning and AI/ML assisted positioning
· specify necessary signaling of data collection; investigate the necessity of other information for supporting data collection, and if needed, specify during normative work
· investigate on the necessity and signaling details of measurement enhancements, and if needed, specify during normative work
· investigate on the necessity and signaling details of monitoring method(s), and if needed, specify during normative work













Proposal 3: For R19 AI/ML normative work, support the following:
· Support one sided model use case including beam management and positioning.
· Specify necessary signaling of data collection, inferencing and performance monitoring. 


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: Further study the following aspects for CSI compression using two sided model:  
· Methods to further improve the performance gain over legacy CSI feedback, and/or reduce the AI/ML complexity.
· e.g. cell/site specific model, model using past CSI as input, joint CSI prediction and compression which were proposed by a few companies in R18.
· Further evaluation aspects that are not fully investigated, including CQI/RI calculation options, particularly with max rank 4.
· Further investigate and conclude the remaining aspects of potential specification impact. 
· NW side performance monitoring and UE side performance monitoring. 
· Model identification procedure for CSI compression sub use case. 
· Identify the feasible training collaboration type(s) and corresponding potential RAN1 specification impact, if any. 

 

Proposal 2: For AI-based UE-sided CSI prediction use case further investigated the following aspects:  
· Necessary signaling/mechanism(s) to facilitate data collection, model inference and performance monitoring.
· Signaling/mechanism(s) to facilitate necessary functionality-based LCM operations.  
  

Proposal 3: For R19 AI/ML normative work, support the following
· Support one sided model use case including beam management and positioning
· Specify necessary signaling of data collection, inferencing and performance monitoring. 
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A Potential objectives:

* Consider support single sided models for,

£

* Positioning, further discuss whether to support all 5 sub use cases.
* Beam management for DL Tx prediction in both UE-sided and NW sided model,

» Consider support of single sided model for CSI prediction, if it is recommended to proceed with normative work taken all WG’s
outcome in Q4-23 into account

* Consider support two-sided model for CSI compression, if it 1s recommended to proceed with normative work taken all
WG’s outcome 1n Q4-23 into account

* Consider support the necessary/recommended LCM components for selected sub use cases

* RAN4 requirements and test cases for AI/ML enabled features
a Taking into account the progress in RAN WGs 1n 4Q°2023

Slide 18




http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_AHs/2023_06_RAN_Rel19_WS/Docs/RWS-230488.zip


http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_101/Docs/RP-231540.zip


http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_101/Docs/RP-232611.zip







© 3GPP 2012

Slide 18

AI/ML –Air Interface WI

References: 

RWS-230488, RP-231540, RP-232611

Potential objectives:

•

Consider support single sided models for, 

• Positioning, further discuss whether to support all 5 sub use cases.  

• Beam management for DL Tx prediction in both UE-sided and NW sided model, 

• Consider support of single sided model for CSI prediction, if it is recommended to proceed with normative work taken all WG’s

outcome in Q4-23 into account

•

Consider support two-sided model for CSI compression, if it is recommended to proceed with normative work taken all 

WG’s outcome in Q4-23 into account

•

Consider support the necessary/recommended LCM components for selected sub use cases

•

RAN4 requirements and test cases for AI/ML enabled features

Taking into accountthe progress in RAN WGs in 4Q’2023


