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1. Introduction

In Release 18 RAN3 has a New WI: Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN. [1]5G networks are expected to meet the challenges of consistent optimization of increasing numbers of key performance indicators (KPIs) including latency, reliability, connection density, user experience, energy efficiency, etc. Artificial Intelligence (AI) /Machine learning (ML) provides a powerful tool to help operators to improve the network management and the user experience, by analyzing the data collected and autonomously processed that can yield further insights. 

In the last RAN3#119bis meeting, regarding the Energy Saving scenario topic RAN3 has reached the following agreement and assumptions:
Encoding of the Energy Cost metric is FFS.
WA: If the Energy Cost is encoded as an index (0, ..Max), representing energy consumption on a linear scale, it is agreed that the OAM configures rules to a NG-RAN node to determine how to normalize the values of the EC. The rules shall be the same at least for all neighboring NG-RAN nodes within the area where a request on EC reporting is triggered by a source NG-RAN node.  It is agreed that the Energy Cost is a node level parameter. Further EC granularities are out of scope of Rel18.

To be continued: 

Which of the following two options to be selected for inferred and measured EC definition:

1)
Inferred EC represents the node level EC value assuming that an additional load is served; Measured EC represents the actual node level EC value, e.g. after an additional load is transferred

2)
Inferred EC represents the delta increase of the EC value assuming that an additional load is served; Measured EC represents the delta increase of the EC value after an additional load is transferred

The following information are supported for the definition of “Additional Load”:

-
Number of RRC connections to be offloaded, 

-
Number of Active UEs to be offloaded 

-
PRB load to be offloaded (the definition needs to be discussed further)

-
Average UL/DL PDCP SDU data volume to be offloaded

-
Target Cell of the offloading action

Whether to use a new Class 1 procedure where the source NG-RAN node requests to the target NG-RAN node an estimation of the Energy Cost for an additional load and where the target NG-RAN node responds with the requested estimation of the Energy Cost

Whether this EC can only be reported after HO needs to be further discussed.

This contribution will discuss the Xn interface signalling regarding the scenario of energy saving. 

2. Discussion

Due to the CB discussion in the last RAN3#119bis meeting, there are two options to be selected for inferred and measured EC definition:
1)
Inferred EC represents the node level EC value assuming that an additional load is served; Measured EC represents the actual node level EC value, e.g. after an additional load is transferred

2)
Inferred EC represents the delta increase of the EC value assuming that an additional load is served; Measured EC represents the delta increase of the EC value after an additional load is transferred

We think it is very important that the actual values of the EC, used as feedback, are measurable. Hence the Measured EC needs to be per node level, because that is the only EC that can be measured. Given that the metric used for feedback has to match the metric used for predictions, it is consequential that the inferred EC needs to be per node level.
Note that option 2 implies that the measured EC is not measurable, but it is an estimate. This has negative impacts because such estimate is in itself subject to uncertainty and errors. If feedback is subject to errors, then there is no error free way to train a model, leading to higher uncertainty on inference.

In addition, regarding option 2),  the EC measurements are delta measurements, but the definition of delta is not clear. RAN3 has to define a reference to understand the meaning of such delta measurements. So we support option 1, inferred EC represents the node level EC value assuming that an additional load is served; Measured EC represents the actual node level EC value, e.g. after an additional load is transferred.
Proposal 1: Inferred EC represents the node level EC value assuming that an additional load is served; Measured EC represents the actual node level EC value, e.g. after an additional load is transferred

In the previous meeting agreement, EC is a value at gNB level. But in the running BL CR to 38.423, we can see that the AI/ML information is reported per cell level. 

9.1.3.FF
AI/ML INFORMATION UPDATE (FFS on the name)
This message is sent by NG-RAN node2 to NG-RAN node1 to report the requested AI/ML related information.

Direction: NG-RAN node2 ( NG-RAN node1.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	NG-RAN node1 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Cell AI/ML Info Result (FFS on the name)
	
	1
	
	
	YES
	ignore

	>Cell AI/ML Info Result Item  (FFS on the name)
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity

9.2.2.27


	
	–
	

	>>Predicted Radio Resources Status
	O
	
	9.2.2.50
	
	–
	

	>>Predicted Number of Active UEs 
	O
	
	9.2.2.62
	
	–-
	

	>>Predicted RRC Connections
	O
	
	9.2.2.56
	
	–
	

	>>FFS
	O
	
	
	
	-
	-


Observation 1: the AI/ML information is reported per cell level in the BLCR to 38.423.

Thus we can only report the EC in a per cell basis. But on the other hand, the target gNB can calculate the gNB basis EC by summing up all the cell level EC. 
Proposal 2: keep the structure of AI/ML INFORMATION UPDATE message in the BLCR to 38.423, and then the target gNB can calculate the gNB basis EC by summing up all the cell level EC. 

In the last meeting, we had some discussions about the addition load:

The following information are supported for the definition of “Additional Load”:

-
Number of RRC connections to be offloaded, 

-
Number of Active UEs to be offloaded 

-
PRB load to be offloaded (the definition needs to be discussed further)

-
Average UL/DL PDCP SDU data volume to be offloaded

-
Target Cell of the offloading action

We support all above additional load parameters. In addition, the predicated resource status information should have the time information, which shows the workable time period of the predicated resource status information. We will give an example of the Predicted Radio Resources IE:
9.1.3.FF
AI/ML INFORMATION UPDATE (FFS on the name)
This message is sent by NG-RAN node2 to NG-RAN node1 to report the requested AI/ML related information.

Direction: NG-RAN node2 ( NG-RAN node1.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	NG-RAN node1 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Cell AI/ML Info Result (FFS on the name)
	
	1
	
	
	YES
	ignore

	>Cell AI/ML Info Result Item  (FFS on the name)
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity

9.2.2.27


	
	–
	

	>>Predicted Radio Resources Status
	O
	
	9.2.2.50
	
	–
	

	>>Predicted Number of Active UEs 
	O
	
	9.2.2.62
	
	–-
	

	>>Predicted RRC Connections
	O
	
	9.2.2.56
	
	–
	

	>Predicted TNL Capacity Indicator
	O
	
	9.2.2.49
	Predicted value of the TNL Capacity Indicator IE
	
	

	>Predicted Composite Available Capacity Group
	O
	
	9.2.2.51
	Predicted value of the Composite Available Capacity Group IE
	
	

	>Predicted Slice Available Capacity
	O
	
	9.2.2.55
	Predicted value of the Slice Available Capacity IE
	
	

	>Predicted Radio Resource Status 
	O
	
	9.2.2.50
	Predicted value of the Radio Resource Status IE
	
	

	>Workable period
	O
	
	
	Workable period for the predicated resource status information
	
	

	>>Starting time
	O
	
	9.2.3.xxx
	Time information
	
	

	>>Ending time
	O
	
	9.2.3.yyy
	Time information
	
	

	>>FFS
	O
	
	
	
	-
	-


9.2.3.xxx
Starting Time

This IE indicates starting time of predicated resource status information. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Starting Time
	M
	
	OCTET STRING
	Encoded in the same format as the ReferenceTime IE as defined in TS 38.331 [10]. The value is truncated to 1 us granularity.


9.2.3.yyy
Ending Time

This IE indicates ending time of predicated resource status information. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Ending Time
	M
	
	OCTET STRING
	Encoded in the same format as the ReferenceTime IE as defined in TS 38.331 [10]. The value is truncated to 1 us granularity.


Proposal 3: RAN3 is asked to take into account the proposed Starting Time IE and Ending Time IE above IE regarding the Predicated Resource Status information in Cell AI/ML Info Result IE.

Regarding the UE performance (e.g, UL/DL throughput, packet delay, packet loss), since the AI/ML focuses on the network energy saving efficiency, the Energy Efficiency metric should take into account the cell performance, which is the accumulation of all UEs in this cell, e.g. total UL/DL throughput, total packet delay and total packet loss. The NG-RAN node should exchange the total UE performance over Xn interface to the neighbour NG-RAN node. 
Proposal 4: The NG-RAN node should exchange the total UE performance over Xn interface to the neighbour NG-RAN node.
3. Summary

In this paper we discussed the scenario of AI/ML based energy saving and gave some high level solutions. 
Observation 1: the AI/ML information is reported per cell level in the BLCR to 38.423.

Proposal 1: Inferred EC represents the node level EC value assuming that an additional load is served; Measured EC represents the actual node level EC value, e.g. after an additional load is transferred

Proposal 2: keep the structure of AI/ML INFORMATION UPDATE message in the BLCR to 38.423, and then the target gNB can calculate the gNB basis EC by summing up all the cell level EC. 

Proposal 3: RAN3 is asked to take into account the proposed Starting Time IE and Ending Time IE above IE regarding the Predicated Resource Status information in Cell AI/ML Info Result IE.

Proposal 4: The NG-RAN node should exchange the total UE performance over Xn interface to the neighbour NG-RAN node.
4. Reference

[1]. RP-213602_New WI Artificial Intelligence (AI) Machine Learning (ML) for NG-RAN
[2]. TR 37.817 Study on enhancement for Data Collection for NR and EN-DC

