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1	Introduction
In December RAN plenary approved the work item for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN  
The main objective of the WI is:
Specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture (including non-split architecture and split architecture) for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization. (RAN3).
This is the follow up to the study of these topics the outcome of which is captured in 37.817.
The study item made a number of agreements on how to proceed but left a number of topics open to be resolved during the specification phase.
This contribution tries to enumerate the open issues and group the open issues into common themes. 
2	Discussion
As a first step looking at what in the use cases for AI/ML agreed in the data collection study we should look at the inputs, outputs and feedback listed in the study and determine which are already supported in the standard (i. e. including them in the model will not have standards impact), which are supportable with “simple” inclusion in existing or new messaging, and which may require more than just simple inclusion.
	Network Energy Saving
	Standard Signalling Impact

	Inputs 
	

	From local node: 
	

	UE mobility/trajectory prediction
	Internal gNB – no standards impact

	Current/Predicted Energy efficiency
	Internal gNB – no standards impact

	Current/Predicted resource status
	Internal gNB – no standards impact

	From the UE:
	

	UE location information (e.g., coordinates, serving cell ID, moving velocity) 
	Need to agree on which parameters could be available. gNB would know serving cell id, but coordinates and moving velocity are LPP parameters. 

	UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
	Existing framework and measurements are baseline
Changes in framework and/or need for additional measurements to be discussed (with assistance of RAN2 as necessary)

	From neighbouring NG-RAN nodes:
	

	Current/Predicted energy efficiency
	IEs does not exist in XnAP, IE format and Xn messages in which it is included need to be identified 

	Current/Predicted resource status
	Current resource status supported on Xn
Predicted resource status should be similar structure of the current but need to determine exact messages where it is needed. Probably needs to be aligned to other use cases

	Current energy state (e.g., active, high, low, inactive)
	IEs does not exist in XnAP, IE format and Xn messages in which it is included need to be identified

	Outputs
	

	Energy saving strategy, such as recommended cell activation/deactivation. 
	Reflected in which cells are involved in activation/deactivation, handovers etc. No standard signalling impact

	Handover strategy, including recommended candidate cells for taking over the traffic
	Reflected by handover commands sent by source gNB no standard signalling impact

	Predicted energy efficiency
	If this needs to be sent to neighbour gNB then need to agree on format and which Xn messages are needed
No need to send to UE. 

	Predicted energy state (e.g., active, high, low, inactive)
	If this needs to be sent to neighbour gNB then need to agree on format and which Xn messages are needed
No need to send to UE.

	Model output validity time will be discussed during R18 normative work per inference output.
	Validity time is an open issue, for which outputs (if any) is validity time needed? If it is needed for more than one output is the validity time the same? Decision should be aligned between use cases.

	Feedback
	

	Resource status of neighbouring NG-RAN nodes
	Current resource status supported on Xn in Resource Status Update procedure. 


	Energy efficiency 
	IEs does not exist in XnAP, IE format and Xn messages in which it is included need to be identified

	UE performance affected by the energy saving action (e.g., handed-over Ues), including bitrate, packet loss, latency. 
	Agreement needed for exact parameters that are needed, then evaluation can be done on what is needed to be added to signalling.


	System KPIs (e.g., throughput, delay, RLF of current and neighbouring NG-RAN node)
	Agreement needed for exact parameters that are needed, then evaluation can be done on what is needed to be added to signalling.




	Load Balancing
	Standard Signalling Impact

	Inputs
	

	From the local node:
	

	Current and predicted own resource status
	Internal gNB – no standards impact

	UE trajectory prediction
	Internal gNB – no standards impact

	Current and predicted UE traffic
	Internal gNB – no standards impact

	Predicted resource status information of neighbouring NG-RAN node(s) 
	Internal gNB – no standards impact

	From the UE:
	

	UE location information (e.g., coordinates, serving cell ID, moving velocity) interpreted by gNB implementation when available
	Need to agree on which parameters could be available. gNB would know serving cell id, but coordinates and moving velocity are LPP parameters.

	UE Mobility History Information
	Visited cell information available in RRC

	UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
	Existing framework and measurements are baseline
Changes in framework and/or need for additional measurements to be discussed (with assistance of RAN2 as necessary)

	From neighbouring NG-RAN Nodes:
	

	Current and predicted resource status
	Current resource status supported on Xn in Resource Status Update procedure. Predicted resource status could be the same format as current, but needs to be agreed


	UE performance measurement at traffic offloaded neighbouring cell
	Need to agree on which parameters could be available

	Outputs
	

	Selection of target cell for load balancing 
	Reflected by handover commands sent by source gNB no standards impact

	Predicted own resource status information
	Does it need to be sent to target gNB? If so, predicted resource status could be the same format as current, but needs to be agreed
No need to send to UEs


	Predicted resource status information of neighbouring NG-RAN node(s)
	Does it need to be sent to target gNB? If so, predicted resource status could be the same format as current, but needs to be agreed
No need to send to UEs
status 

	Model output validity time will be discussed during R18 normative work per inference output.
	
Validity time is an open issue, for which outputs (if any) is validity time needed? If it is needed for more than one output is the validity time the same? Decision should be aligned between use cases.

	The predicted UE(s) selected to be handed over to target NG-RAN node (will be used by RAN node internally)
	Reflected by handover commands sent by source gNB no standards impact

	Feedback
	

	UE performance information from target NG-RAN (for those UEs handed over from the source NG-RAN node)
	Agreement needed for exact parameters that are needed, then evaluation can be done on what is needed to be added to signalling.


	Resource status information updates from target NG-RAN
	Resource status supported on Xn in Resource Status Update procedure. 

	System KPIs (e.g., throughput, delay, RLF of current and neighbours)
	Agreement needed for exact parameters that are needed, then evaluation can be done on what is needed to be added to signalling.



	Mobility Optimization
	Standard Signalling Impact

	Inputs
	

	From the UE: 
	

	UE location information (e.g., coordinates, serving cell ID, moving velocity) interpreted by gNB implementation when available. 
	Need to agree on which parameters could be available. gNB would know serving cell id, but coordinates and moving velocity are LPP parameters.

	Radio measurements related to serving cell and neighbouring cells associated with UE location information, e.g., RSRP, RSRQ, SINR.
	Existing framework and measurements are baseline
Changes in framework and/or need for additional measurements to be discussed (with assistance of RAN2 as necessary)

	UE Mobility History Information.
	Visited cell information available in RRC

	From the neighbouring RAN nodes: 
	

	UE’s history information from neighbour
	UE History included in Xn messages Handover Request, Retrieve UE Context Response and S-Node Addition Request 

	Position, QoS parameters and the performance information of historical HO-ed UE (e.g., loss rate, delay, etc.)
	Agreement needed for exact parameters that are needed, then evaluation can be done on what is needed to be added to Xn signalling.

	Current/predicted resource status
	Current resource status supported on Xn in Resource Status Update procedure. Predicted resource status could be the same format as current, but needs to be agreed


	UE handovers in the past that were successful and unsuccessful, including too-early, too-late, or handover to wrong (sub-optimal) cell, based on existing SON/RLF report mechanism. 
	Existing SON procedures over Xn  (HANDOVER REPORT)

	From the local node: 
	

	UE trajectory prediction 
	Internal gNB – no standards impact

	Current/predicted resource status 
	Internal gNB – no standards impact

	Current/predicted UE traffic
	Internal gNB – no standards impact

	Outputs
	

	UE trajectory prediction (Latitude, longitude, altitude, cell ID of UE over a future period of time) Note: Whether the UE trajectory prediction is an external output to the node hosting the Model Inference function should be discussed during the normative work phase.
	If it is used internally only, then no standards impact, otherwise  there needs to be agreement on which parameters are needed and in which Xn and/or UE messages. 

	Estimated arrival probability in CHO and relevant confidence interval
	Sent to target gNB via Xn handover reguest message and possible other messages. 
Any value in signalling to the UE?

	Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication
	Reflected in handover messages sent to UE and target gNB. No impact to signalling

	Priority, handover execution timing, predicted resource reservation time window for CHO.
	Sent to target gNB using XN handover request Decision needs to be made on the format of these IEs . 
Any value in signalling to the UE?

	UE traffic prediction (will be used by the RAN node internally and the details are left to normative work phase)
	If it is used internally only, then no standards impact, otherwise the structure of the information and exact Xn messages (new or existing) that need enhancement would need agreement. 
Any value in signalling to the UE? 

	Model output validity time will be discussed during R18 normative work per inference output.
	
Validity time is an open issue, for which outputs (if any) is validity time needed? If it is needed for more than one output is the validity time the same? Decision should be aligned between use cases.

	Feedback
	

	QoS parameters such as throughput, packet delay of the handed-over UE, etc. 
	Agreement needed for exact parameters that are needed, then evaluation can be done on what is needed to be added to signalling.
Input from UE when moved to target gNB may be needed is existing messaging sufficient?

	Resource status information updates from target NG-RAN.
	Current resource status supported on Xn in Resource Status Update procedure.

	Performance information from target NG-RAN. The details of performance information are to be discussed during normative work phase. 
	Agreement needed for exact information that are needed, then evaluation can be done on what is needed to be added to signalling.
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2	Summary

To summarize the table above, the status of each input/output/feedback parameter can be put into one of four groups 
No Standards impacts – the IE doesn’t cross an open interface or is already defined on the interface and the messages it is in on that interface are sufficient. 
IE definition and messages in which it is included needs agreement – the parameter is known but needs to be defined and determine which messages it needs to be included
Scope of the parameter needs agreement – there are open issues on the scope of the parameter leftover from the study item.
Reception of output – it is open whether the UE or gNB or both needs to receive these parameters to optimize performance

Summary of issues involving inputs, outputs and feedback:

Network Energy Savings:
No Standards impact
Inputs
UE mobility/trajectory prediction from local node
Current/Predicted Energy efficiency from local node
Current/Predicted resource status from local node
Current resource status from neighbour NG-RAN node
Outputs
Energy saving strategy, such as recommended cell activation/deactivation. 
Handover strategy, including recommended candidate cells for taking over the traffic
Feedback
Resource status of neighbouring NG-RAN nodes
IE definition and messages in which it is included needs agreement
Inputs
Current/Predicted Energy efficiency from neighbour NG-RAN node
Predicted resource status from neighbour NG-RAN node
Current energy state from NG-RAN node
Feedback
Energy efficiency
Scope of the parameter needs agreement
Inputs
UE Location information from the UE
UE measurement report from the UE
Feedback
UE Performance
System KPIs
Reception of output
Predicted energy efficiency to be sent to neighbouring gNB?
Predicted energy state to be sent to neighbouring gNB?
Validity time to be send to neighbouring gNB or to UE?
Load Balancing:
No Standards impact
Inputs
UE trajectory prediction from local node
Current/Predicted UE Traffic from local node
Predicted resource status information of neighbouring NG-RAN nodes from the local node
Current resource status from the neigbouring NG-RAN node
UE mobility history information from the UE
Outputs
Selection of target cell for load balancing
The predicted UE(s) selected to handed over
Feedback
Resource status of target NG-RAN nodes
IE definition and messages in which it is included needs agreement
Inputs
Predicted resource status from neighbour NG-RAN node
Scope of the parameter needs agreement
Inputs
UE Location information from the UE
UE measurement report from the UE
UE performance measurement at traffic offloaded neighbouring cell
Feedback
UE Performance
System KPIs
Reception of output
Predicted own resource status to be sent to neighbouring gNB?
Predicted resource status of neighbouring gNB to be sent to neighbouring gNB?
Validity time to be send to neighbouring gNB or to UE?
Mobility Optimization:
No Standards impact
Inputs
UE trajectory prediction from local node
Current/Predicted UE Traffic from local node
Current/Predicted resource status from the local node
UE mobility history information from the UE
UE History information from neighbour from the neighbouring NG-RAN node
Current resource status from the neigbouring NG-RAN node
UE handovers in the past that were successful and unsuccessful, including too-early, too-late, or handover to wrong (sub-optimal) cell from neighbouring NG=RAN node
Outputs
Predicted handover target node
Feedback
Resource status of target NG-RAN nodes
IE definition and messages in which it is included needs agreement
Inputs
Predicted resource status from neighbour NG-RAN node
Scope of the parameter needs agreement
Inputs
UE Location information from the UE
Radio measurements from the UE
Position, QoS parameters and the performance information of historical HO-ed UE (e.g., loss rate, delay, etc.) from the neighbouring NG-RAN node
Feedback
QoS parameters such as throughput, packet delay of the handed over UE 
Performance information from targe NG-RAN
Reception of output
UE trajectory prediction which information and does it need to be sent to neighbouring gNB or UE?
Estimated arrival probability to be sent to UE?
Priority, handover execution timing, predicted resource reservation time window for CHO (format of the information) to be sent to target gNB or UE?
UE Traffic Prediction does it need to be sent to neighbouring gNB or UE. 
Validity time to be send to neighbouring gNB or to UE?
3	Proposal
Proposal: RAN3 should take as baseline the summary of open issues in section 2 above, updating if agreement is possible about the scope or format of parameters. 
