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Introduction
The first 3GPP study item scope on AI/ML framework for air-interface enhancement is descried in [1].  Three carefully selected use cases are selected with the targets the formulation of a framework to apply AI. New evaluation methodology and corresponding evaluation are required to fully understand the benefit of AI/ML in comparison with traditional methods, and the associated potential specification. In addition, the general framework based on the study of the representative use cases will be established. 
AI/ML model, terminology and description to identify common and specific characteristics for framework investigations:
· Characterize the defining stages of AI/ML related algorithms and associated complexity:
· Model generation, e.g., model training (including input/output, pre-/post-process, online/offline as applicable), model validation, model testing, as applicable 
· Inference operation, e.g., input/output, pre-/post-process, as applicable
· Identify various levels of collaboration between UE and gNB pertinent to the selected use cases, e.g., 
· No collaboration: implementation-based only AI/ML algorithms without information exchange [for comparison purposes]
· Various levels of UE/gNB collaboration targeting at separate or joint ML operation. 
· Characterize lifecycle management of AI/ML model: e.g.,  model training, model deployment , model inference, model monitoring, model updating
· Dataset(s) for training, validation, testing, and inference 
· Identify common notation and terminology for AI/ML related functions, procedures and interfaces
· Note: Consider the work done for FS_NR_ENDC_data_collect when appropriate












In this paper, we focus on high level framework discussion.  
Discussion  
Terminology, principle, and functional framework  
TR 37.817 section 3 and section 4 captured the descriptions of terminology, principles for RAN intelligence enabled by AI, the functional framework including the AI functionality and the input/output of the component for AI enabled optimization. Although the RAN3 led SI focus on different use cases including network energy saving, load balancing and mobility optimization, the general aspects such as terminology and general framework applies in general to air interface as well.  

A set of high-level principles are defined in TR 37.817. All the principles apply to NR air interface, such as 
· An AI/ML model used in a Model Inference function has to be initially trained, validated and tested before deployment.
· User data privacy and anonymisation should be respected during AI/ML operation.
· AI/ML algorithms and models are implementation based and out of RAN1 scope.  
In general, AI/ML based solution should aim for implementation-based solutions wherever possible. 3GPP specification only specify what is needed when implementation-based solution do not work.  Additional definition can be added based on the use case study. For term definition, consider adding definition of AI model format, AI model transfer. For functional framework, addition block diagram showing model inferencing split between gNB and UE can be considered.  


Proposal 1:    Reuse TR 37.817 general framework defined in section 3 and section 4 as the baseline for AI/ML for NR air interface. Additional term definition and functional diagram can be added based on detailed use case study. 

Data set generation
Both field data and synthesized data from simulator can be used for AI based air interface use cases study. Synthesized data set based on 3GPP agreed channel model and deployment (from TR 38.901 and TR 38.857 for positioning) enable evaluation and cross validation of results for different use cases and across companies.  For field data can be used if company can share the data publicly, with clear descriptions on how the data is collected for study.  
Proposal 2:  Synthesized data set from SLS can be used for AI/ML for NR air interface evaluation.
UE/gNB collaboration 
During email discussion in R18 SI preparation phase, different level of collaboration was proposed. We propose the have 3 level of collaborations definition:  
· Level 0: No collaboration. Implementation-based only AI/ML algorithms without information exchange  
· Level 1: Separate ML operation at UE or gNB. UE/gNB collaboration on input/output of AI model, without model exchange 
· Level 2: Joint ML operation at UE and gNB. UE/gNB collaboration required for AI model inferencing, with model exchange
Level 0 is listed in SID description which can be used for comparison purpose without specification impact. Per use case, if level 0 solution is identified and agreed during the study, it should be the baseline to evaluate the benefit of standardized UE/gNB collaboration for level 1 and level 2 enhancement.  

The detailed collaboration level, specification impact and performance benefit will be discussed use case by use case. For example, based on the analysis in [4,5,6], beam management and positioning can be level 1 use cases, while auto-encoder/decoder based CSI feedback is a level 2 collaboration use case.  

Proposal 3: Level-1 and level-2 UE-gNB collaboration are focus on the SI. 
· Level 0 is implementation-based solution. Per use case if level 0 solution is identified, it should be the baseline for level 1 and level 2 evaluation.   
· Level 1: Separate ML operation at UE or gNB. UE-gNB collaboration without AI model exchange
· Level 2: Joint ML operation at UE and gNB. UE-gNB collaboration with AI model exchange 

Life cycle management  
Life cycle management is an important aspect for real-time large-scale AI implementation. As pointed out in [3], maintaining ML system over time is difficult and expensive. When AI model is trained and inferenced at one network node without model exchange, it is beneficial to leave the life cycle management outside of standardization. This leaves the full implementation flexibility on ongoing data collection, frequency of model update, model performance monitoring etc.     

Proposal 4: Life cycle management 
· For level 0 and level 1 without AI model exchange, life cycle management can be implementation-based solution. 
· For level 2 collaboration with AI model exchange, over the air update of updated AI model can be considered.

Complexity 
AI model complexity is one key challenge that need to be discussed. In addition, it could be possible that more than one use cases for AI based operation of different collaboration levels may be supported. Then how to manage multiple neural networks for different use cases could be another study point. In Rel-15, some CPU occupancy rules were introduced to management measurement and reports for multiple CSIs simultaneously. Similar framework can be considered for AI based operation.
Proposal 5: Study how to manage multiple AI processing simultaneously. 

Conclusion
In the paper, we discuss the general framework aspect of AI based air interface enhancement. The proposals are: 
Proposal 1:    Reuse TR 37.817 general framework defined in section 3 and section 4 as the baseline for AI/ML for NR air interface. Additional term definition and functional diagram can be added based on detailed use case study. 
Proposal 2:  Synthesized data set from SLS can be used for AI/ML for NR air interface evaluation.
Proposal 3: Level-1 and level-2 UE-gNB collaboration are focus on the SI. 
· Level 0 is implementation-based solution. Per use case if level 0 solution is identified, it should be the baseline for level 1 and level 2 evaluation.     
· Level 1: Separate ML operation at UE or gNB. UE-gNB collaboration without AI model exchange
· Level 2: Joint ML operation at UE and gNB. UE-gNB collaboration with AI model exchange 
Proposal 4: Life cycle management 
· For level 0 and level 1 without AI model exchange, life cycle management can be implementation-based solution. 
· For level 2 collaboration with AI model exchange, over the air update of updated AI model can be considered.   
Proposal 5: Study how to manage multiple AI processing simultaneously. 
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