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1. Introduction
In this paper we want to continue the discussion on predicated Energy Cost for AI/ML for NG-RAN Energy Saving use case, and the related procedures.
During the last RAN3 #120 meeting, the following agreements and FFS were captured:
EC is represented as an index, which should be normalized and defined by OAM. The index value could be encoded as an integer from 0 to a maximum. The maximum value should guarantee enough accuracy. 
FFS on whether the inferred EC should be introduced in R18.
FFS on whether the additional load needs to be introduced in R18.
And in RAN3 #123-bis meeting, the following agreements were captured:
Agree to have discussions on AI/ML based energy saving at the next meeting, where enhancements will be based on new solutions not discussed in Rel18. It is strongly recommended not to reiterate Rel18 proposals on which consensus could not be achieved. If consensus on a solution approach is not reached at May meeting, the topic is down prioritized.
Further discuss the ES and multi-hop use cases and solutions based on principles as approved above
Which means consensus on the enhanced solution of Energy Saving must be achieved in the RAN3#124 meeting, otherwise it will be ruled out from R19 discussions.

In this contribution, we provide a solution on the predicated Energy Cost which has minimal impacts to the standards, and the potential impact to 38.423.
2	Discussion
In R123-bis, we have agreed to discuss the better solution to improve the current energy saving use case, which uses Measured Energy Cost to assist making energy saving decisions. 
The overall optimized Energy Efficiency in given area should be achieved in R19 enhanced solutions. To guarantee it, we suggest to introduce some simple but effective solutions. And the final energy saving actions should consider all the NG-RAN nodes’ energy efficiency in the neighbour. 
Observation 1: Too many signalling interactions and complicated algorithms/protocols will introduce extra Energy Cost for NG-RAN nodes. The new enhanced solution in R19 shall try to minimize the impact to current standards.
In R18 solution, the measured EC of neighbouring NG-RAN nodes has been introduced for the source node to evaluate the current overall Energy Saving situation among the area. This measured EC can be used as assistant information or as input for AI/ML Inference Model to make decisions such as cell/resource activate/deactivate, UE Handover. 
However, we believe the AI/ML can do more such as inferring the overall energy efficiency situation and issues in the future, and then taking actions to enhance the overall Energy Efficiency in the given area. Both the local predicated Energy Cost and the predicated Energy Cost of neighboring NG-RAN nodes shall be gathered as input for AI/ML Inference model.
In this way, we think the predicated Energy Cost should be introduced. The predicated Energy Cost can assist the NG-RAN to improve the energy efficiency. The NG-RAN node can use local predicated Energy Cost and neighbouring nodes’ predicated Energy Cost to make better Energy Saving strategies, such as cell activate/deactivate, UE Handover, and so on.
Observation 2: Except the measured Energy Cost, the source node can also use the predicated Energy Cost of the target node, in a requested predication time, to help on AI/ML inference and make energy saving decisions, such as HO decision,  shut down some cells or radio resources, to obtain the overall optimized energy consumption in given area. 
Proposal 1: Introduce Predicated Energy Cost for a given NG-RAN node in the requested predication time. The source node can use the Predicated Energy Cost as input for AI/ML Inference, making Handover or any other decisions, to optimize the overall energy consumption in the neighbour.
To predicate the Energy Cost, the NG-RAN node can use the local predicated UE traffic metric, historical Energy Efficiency and some other implementation-based information as an input. 
Proposal 2: How to predicate the Energy Cost is an implementation level issue, the local node can use predicated UE traffic metrics, historical Energy Efficiency, resource status information. No extra information needs to be transferred through Xn interface.  
After energy saving actions are executed, such as UE Handover, cell deactivation, the Measured Energy Cost introduced in R18 can be used as feedback for AI/ML Inference model. 
Proposal 3: After Handover, the source node can request the Measured Energy Cost as feedback, to evaluate the decision it made for energy saving. 
To request and report the predicated Energy Cost, the procedure is similar with the current predicated Resource Status. So the current Data Collection procedures can be reused, to minimize the impacts to current standards and protocols. 
Proposal 4: It is proposed to re-use the current Data Collection Reporting Initiation and Data Collection Reporting procedures for Predicated Energy Cost, the Requested Prediction Time IE should be mandatory in DATA COLLECTION REQUEST IE when the bit of Predicated Energy Cost in Report Characteristics IE is set.
TP as below is to capture the change in TS 38.423 to support predicated Energy Cost.
3	Summary
In this contribution, we provide additional input considerations on the remaining issues on AI/ML for NG-RAN Energy Saving, following observations and proposals are made:
Observation 1: Too many signalling interactions and complicated algorithms/protocols will introduce extra Energy Cost for NG-RAN nodes. The new enhanced solution in R19 shall try to minimize the impact to current standards.
Observation 2: Except the measured Energy Cost, the source node can also use the predicated Energy Cost of the target node, in a requested predication time, to help on AI/ML inference and make energy saving decisions, such as HO decision,  shut down some cells or radio resources, to obtain the overall optimized energy consumption in given area. 
Proposal 1: Introduce Predicated Energy Cost for a given NG-RAN node in the requested predication time. The source node can use the Predicated Energy Cost as input for AI/ML Inference, making Handover or any other decisions, to optimize the overall energy consumption in the neighbour.
Proposal 2: How to predicate the Energy Cost is an implementation level issue, the local node can use predicated UE traffic metrics, historical Energy Efficiency, resource status information. No extra information needs to be transferred through Xn interface.  
Proposal 3: After Handover, the source node can request the Measured Energy Cost as feedback, to evaluate the decision it made for energy saving. 
Proposal 4: It is proposed to re-use the current Data Collection Reporting Initiation and Data Collection Reporting procedures for Predicated Energy Cost, the Requested Prediction Time IE should be mandatory in DATA COLLECTION REQUEST IE when the bit of Predicated Energy Cost in Report Characteristics IE is set.
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Annex: potential impact to TS 38.423
Below, the potential change and impact to TS 38.423 is presented where the proposals made in this paper are reflected.
	<<<<<< Start of CHANGES >>>>>>
[bookmark: _Toc155959774]8.4.13	Data Collection Reporting Initiation
[bookmark: _CR8_4_AA13_1][bookmark: _Toc155959775]8.4.13.1	General
This procedure is used by an NG-RAN node to request the reporting of information to another NG-RAN node to support, e.g., AI/ML in NG-RAN.
The procedure uses non UE-associated signalling.
[bookmark: _CR8_4_AA13_2][bookmark: _Toc155959776]8.4.13.2	Successful Operation


Figure 8.4.13.2-1: Data Collection Reporting Initiation, successful operation
NG-RAN node1 initiates the procedure by sending the DATA COLLECTION REQUEST message to NG-RAN node2 to start information reporting or to stop information reporting. Upon receipt, NG-RAN node2:
-	shall initiate the requested information reporting according to the parameters given in the request in case the Registration Request IE is set to "start"; or
-	shall stop all measurements and predictions and terminate the reporting in case the Registration Request IE is set to "stop".
If the Registration Request IE is set to "start" in the DATA COLLECTION REQUEST message and the Report Characteristics IE indicates cell-specific information reporting, the Cell To Report List for Data Collection IE shall be included.
Interaction with the Data Collection Reporting procedure
When starting a measurement, the Report Characteristics IE in the DATA COLLECTION REQUEST message indicates the type of objects NG-RAN node2 shall perform measurements or predictions on. NG-RAN node2 shall include in the DATA COLLECTION UPDATE message:
-	the SSB Area Radio Resource Status List IE, excluding the DL scheduling PDCCH CCE usage IE and UL scheduling PDCCH CCE usage IE, included in the Predicted Radio Resource Status IE, if the first bit, "Predicted Radio Resource Status" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Predicted Number of Active UEs IE, if the second bit, "Predicted Number of Active UEs" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Predicted RRC Connections IE, if the third bit, "Predicted RRC Connections" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Average UE Throughput DL IE, if the fourth bit, "Average UE Throughput DL" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Average UE Throughput UL IE, if the fifth bit, "Average UE Throughput UL" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Average Packet Delay IE, if the sixth bit, "Average Packet Delay" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Average Packet Loss DL IE, if the seventh bit, "Average Packet Loss DL" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Energy Cost IE, if the eighth bit, "Energy Cost" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-	the Measured UE Trajectory IE, if the ninth bit, "Measured UE Trajectory" of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".
-    the Predicated Energy Cost IE, if the tenth bit, “Predicated Energy Cost” of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to "1".

<<<<<< Next of CHANGES >>>>>>
[bookmark: _Toc155959887]9.1.3.26	DATA COLLECTION REQUEST
This message is sent by NG-RAN node1 to NG-RAN node2 to initiate the requested information reporting according to the parameters given in the message.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

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

	NG-RAN node2 Measurement ID
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop, …) 
	Type of request for which the information is required.
	YES
	reject

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates the object the NG-RAN node2 is requested to report.
First Bit = Predicted Radio Resource Status,
Second Bit = Predicted Number of Active UEs,
Third Bit = Predicted RRC Connections
Fourth Bit = Average UE Throughput DL,
Fifth Bit = Average UE Throughput UL,
Sixth Bit = Average Packet Delay,
Seventh Bit = Average Packet Loss DL
Eighth Bit = Energy Cost
Ninth Bit = Measured UE Trajectory
Other bits are ignored by the NG-RAN node2.
Tenth Bit = Predicated Energy Cost
	YES
	reject

	Cell To Report List for Data Collection
	
	0..1
	
	Cell ID list to which the request applies.
	YES
	ignore

	>Cell To Report Item for Data Collection
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	–
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	–
	

	Reporting Periodicity
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	Periodicity that can be used for reporting of requested objects. Also used as the averaging window length for all objects if supported.
	YES
	ignore

	Requested Prediction Time
	O
	
	INTEGER (1..60, ...)
	For one time reporting, it indicates the point in time, measured from reception of the DATA COLLECTION REQUEST message, for which predictions are provided. For periodic reporting, it indicates the points in time, measured from the reception of the DATA COLLECTION REQUEST message and shifted by each reporting period, for which predictions are provided. (unit: second)
	YES
	ignore



<<<<<< Next of CHANGES >>>>>>

[bookmark: _Toc155959888]9.1.3.27	DATA COLLECTION RESPONSE
This message is sent by NG-RAN node2 to NG-RAN node1 to indicate that the requested information, for all or part of the measurement objects included in the reporting, is successfully initiated.
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
	reject

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

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

	Node Measurement Initiation Result List
	
	0..1
	
	List of measurement objects that failed to be initiated in the node.
	YES
	ignore

	>Node Measurement Initiation Result Item
	
	1 .. <maxFailedMeasPerNode>
	
	
	–
	

	>>Node Measurement Failed Report Characteristics
	M
	
	BITSTRING
(SIZE(128))
	Each position in the bitmap indicates measurement objects that failed to be initiated in the NG-RAN node2.
First Bit = Energy Cost, Second Bit = Average UE Throughput DL,
Third Bit = Average UE Throughput UL,
Fourth Bit = Average Packet Delay,
Fifth Bit = Average Packet Loss DL,
Sixth Bit = Measured UE Trajectory.
Seventh Bit = Predicated Energy Cost.
Other bits are ignored by the NG-RAN node1.
	–
	

	>>Cause
	M
	
	9.2.3.2
	Failure cause for measurement objects for which the measurement cannot be initiated.
	–
	

	Cell Measurement Initiation Result List
	
	0..1
	
	List of measurement objects that failed to be initiated per cell.
	YES
	ignore

	>Cell Measurement Initiation Result Item
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	–
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	–
	

	>>Cell Measurement Failure Cause List
	
	0..1
	
	Indicates that NG-RAN node2 could not initiate the measurement for at least one of the requested measurement objects in the cell.
	–
	

	>>>Cell Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	–
	

	>>>>Cell Measurement Failed Report Characteristics
	M
	
	BITSTRING
(SIZE(128))
	Each position in the bitmap indicates measurement objects that failed to be initiated in the NG-RAN node2.
First Bit = Predicted Radio Resource Status,
Second Bit = Predicted Number of Active UEs,
Third Bit = Predicted RRC Connections.

Other bits are ignored by the NG-RAN node1.
	–
	

	>>>>Cause
	M
	
	9.2.3.2
	Failure cause for measurement objects for which the measurement cannot be initiated.
	–
	

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore



<<<<<< Next of CHANGES >>>>>>

[bookmark: _Toc155959890]9.1.3.29	DATA COLLECTION UPDATE
This message is sent by NG-RAN node2 to NG-RAN node1 to report the requested 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
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

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

	Cell Measurement Result for Data Collection
	
	0..1
	
	
	YES
	ignore

	>Cell Info Result for Data Collection Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	–
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	
	–
	

	>>Predicted Radio Resource Status
	O
	
	Radio Resource Status
9.2.2.50
	The IE only includes the SSB Area Radio Resource Status List IE, excluding the DL scheduling PDCCH CCE usage IE and UL scheduling PDCCH CCE usage IE.
	–
	

	>>Predicted Number of Active UEs
	O
	
	Number of Active UEs
9.2.2.62
	
	–
	

	>>Predicted RRC Connections
	O
	
	RRC Connections
9.2.2.56
	
	–
	

	UE Associated Info Result List
	
	0..1
	
	
	YES
	ignore

	>UE Associated Info Result Item
	
	1 .. < maxnoofUEReports >
	
	
	–
	

	>>UE Assistant Identifier
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	NG-RAN node UE XnAP ID allocated by NG-RAN node1.
	–
	

	>>UE Performance
	O
	
	9.2.3.179
	
	–
	

	>>Measured UE Trajectory
	O
	
	9.2.3.182
	It contains information about cells that a UE has connected to.
	–
	

	Energy Cost
	O
	
	INTEGER (0..10000,…)
	The node level measured Energy Consumption index.
Value 0 indicates the minimum measured Energy Consumption and 10000 indicates the maximum measured Energy Consumption.
	YES
	ignore

	Predicated Energy Cost
	O
	
	INTEGER (0..10000,…)
	The node level predicated Energy Consumption index.
Value 0 indicates the minimum predicated Energy Consumption and 10000 indicates the maximum predicated Energy Consumption.
	YES
	ignore



<<<<<< End of CHANGES >>>>>
3GPP
image1.emf
 

  NG - RAN node 1  

  DATA COLLECTION   REQUEST      

NG - RAN node 2    

  DATA COLLECTION   RESPONSE      


oleObject1.bin






DATA COLLECTION RESPONSE 















DATA COLLECTION REQUEST 











NG-RAN node2











 NG-RAN node1












