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1 Introduction
In RAN#94e, the study on Artificial Intelligence (AI)/Machine Learning (ML) for NR air Interface was approved. CSI feedback enhancement, beam management and the positioning accuracy enhancement are the use cases to be focused [1]. Performance, complexity and potential specification impact for each use case will be studied during the SI.  
	Use cases to focus on: 

· Initial set of use cases includes: 

· CSI feedback enhancement, e.g., overhead reduction, improved accuracy, prediction [RAN1]

· Beam management, e.g., beam prediction in time, and/or spatial domain for overhead and latency reduction, beam selection accuracy improvement [RAN1]
· Positioning accuracy enhancements for different scenarios including, e.g., those with heavy NLOS conditions [RAN1] 
· Finalize representative sub use cases for each use case for characterization and baseline performance evaluations by RAN#98

· The AI/ML approaches for the selected sub use cases need to be diverse enough to support various requirements on the gNB-UE collaboration levels




In addition, identifying the collaboration between UE and gNB is also one import objective for each sub-use case. 

	· 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. 




In this contribution, we will focus the discussion on the positioning use case and mainly share our consideration on the potential specification impact the involved collaboration level. 
2 Discussion 
For the traditional NR positioning, the positioning operation can be performed on the LMF side or be performed on the UE side. The positioning RS can be DL PRS or UL SRS. In the specification, multiple PRS/SRS configuration patterns are specified. In addition, if the operation is performed on the LMF, some feedback of measurement results e.g., DL RSTD or DL RSRP or UE Rx-Tx time difference is necessary. Thus, the configuration of the measurement result feedback, the format of the measurement result feedback and the signalling to bear the measurement result are specified as well. As for the positioning algorithm, it is transparent and no specification is involved. In this section, we would analyse whether some new signalling or procedure is potentially be specified for AI-based positioning. 

As for the collaboration level, as we discussed in our companion contribution [2], the suggested category of collaboration level from the Moderator can be a starting point and in this section, we would identify the involved collaboration level based on this category. 
	Cat.1:  AI/ML related training and inference are all conducted at one side of network or UE and is transparent to the other side 

Cat.2: AI/ML related training and inference are conducted at one side of network or UE, but requires additional signalling or procedure enhancements between two sides, potentially with existing signalling framework. Additional information is not directly related to training and inference, e.g., capability, new patterns etc.;

Cat.3: AI/ML related inference is conducted at one side of network or UE, with assisted training information exchanged between two sides; 

Cat.4: AI/ML related inference are conducted together at both sides of network and UE training maybe conducted at one side or both. Information related to inference need to exchanged between both sides. 




For the AI-based positioning, there is no need to specify the used AI model, either. The input or output of the AI model and the AI model management may involve some specification effort. As for the collaboration level, it depends on the implementation of the AI model for inference. We will discuss the involved collaboration level and the specification impact case by case. In addition, in the discussion, we assume the AI model is trained on the network side. 
· Case 1:AI model is implemented on the UE side 

Figure 1 shows the possible procedures in this case. Firstly, UEs need to download the AI model from network and then perform AI inference. In the real deployment, considering different scenarios or different UE capabilities or AI frameworks, multiple AI models to fit different situation may be defined. Thus, some interaction between UE and network would be possible to facilitate the selection of AI model. For example, UE could provide network the AI processing capability and network select proper AI model based on this capability. After determine the proper AI model, AI model would be transferred to UE side. For the AI model transfer, considering it is different from normal traffic data, new definition of QoS or channel would be possibly defined to satisfy the service requirement. After the establishment of AI model, with the change of scenario or processing situation on the UE side, the original AI model may not be proper. Then interaction for the AI model update on the UE side e.g., some request on the AI model change may be introduced.  And then parameters for the AI model update would be transmitted over the air interface, which would result new procedure or new signalling. 
Observation 1: New procedure or new signalling for the AI model management (including the initial AI model selection, AI model transfer and AI model updating) is potentially required in the specification 

Depending on different AI algorithms, the input of the AI model can be channel impulse response, or RSRP or the DL RSTD. The detailed input data format may be different among AI models. But generally, the input can be obtained on UE side, it seems there is no need for the interaction over the air interface. As for the output of the AI model, it can be the detailed position coordinates or the parameters of the input of the traditional algorithm, e.g., RSTD. UE may need to feedback the positioning related data to network. But it seems the existing signalling framework for positioning is sufficient. 
In this case, the AI training and inference is conducted at one side. Existing signalling framework may be sufficient for the operation directly related to AI inference.  Additional information not directly related to inference e.g., signalling for the model selection or update may be involved. Considering this point, this can be categorized to collaboration level Cat.2. 
Observation2: Collaboration level Cat.2 is mainly involved if AI model is implemented on the UE side. 
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Figure 1 Possible procedure for AI model implemented on the UE side 
· Case 2: AI model is implemented on the network side 
In this case, the training of AI model and the inference is implemented on the network side. The selected AI model and the update of the AI model is transparent to the UE side. There is little impact on the air interface. 
If the positioning RS is DL-PRS, UEs need to feedback the measurement results over the air interface to network. The measurement results could be RSRP or DL RSTD. While, for the AI-based positioning, input information could be other measurement factors. For example, the input of the AI model could be the channel impulse response. Thus, some new signalling for the AI model input may be involved. As for the output of the AI model, no matter it is the final position coordinates or certain intermediate parameters for the positioning, it seems there is no need to let UE know this information and then no additional specification is foreseen over the air interface.  

If the positioning RS is UL SRS, similar to the DL-PRS based positioning, new signalling for the AI model input may be necessary. But information exchange only happens among different network nodes, e.g., between gNB and LMF, the impact on the air interface is not expected. 
Observation3: If AI model is implemented on the network side, new signalling for the AI model input is potentially needed in the specification. 
Based on the discussion above, it is observed that little interaction is needed for the AI model management. While for the AI inference phase, if it is DL PRS based positioning, assistance information is needed for the AI model. While, depending on the detailed input, the assistance information can be achieved by existing signalling framework or by newly defined signalling.  No matter how to obtain the input of the AI model, if the input of the AI model is obtained from the UE side, then this case can be categorized to collaboration level Cat.3.  If the input of the AI model is obtained from network node, then this case is categorized to collaboration level Cat.1. 
Observation4: 
· Collaboration level Cat.3 is mainly involved if AI model is implemented on the network side and network obtain the input of the AI model from UE side 
· Collaboration level Cat.1 is mainly involved if AI model is implemented on the network side and network obtain the input of the AI model from network nodes.  
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Figure 2 Possible procedure for AI model implemented on the network side 
3 Conclusion  
In this contribution, we mainly discussed the potential specification impact the involved collaboration level in the positioning use case . Based on the discussion, our views are summarized as follow
Observation 1: New procedure or new signalling for the AI model management (including the initial AI model selection, AI model transfer and AI model updating) is potentially required in the specification 

Observation2: Collaboration level Cat.2 is mainly involved if AI model is implemented on the UE side. 

Observation3: If AI model is implemented on the network side, new signalling for the AI model input is potentially needed in the specification. 

Observation4: 

· Collaboration level Cat.3 is mainly involved if AI model is implemented on the network side and network obtain the input of the AI model from UE side 

· Collaboration level Cat.1 is mainly involved if AI model is implemented on the network side and network obtain the input of the AI model from network nodes.  
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