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1. Introduction
In last RAN3#119bis-e meeting, the discussion on how to support the Energy Saving (ES) use case using AI/ML progressed and the following agreements were reached [1][2]: 
	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.
WA: Use the already introduced AI/ML Information Reporting Initiation (Class 1 – AI/ML INFORMATION REQUEST/RESPONSE) procedure to signal to the target NG-RAN node a description of the “additional load”. Use the AI/ML Information Reporting (Class 2 – AI/ML INFORMATION UPDATE) procedure to allow the target NG-RAN node to report the estimation of the Energy Cost (name of the procedures to be further discussed) 
It is agreed to include the measured Energy Cost in the AI/ML Information Reporting Initiation and AI/ML Information Reporting procedures (name of the procedures to be further discussed)


while the list of remaining issues that still need discussion in RAN3 are reported below [1]:
	Encoding of the Energy Cost metric is FFS.

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.


In this paper, we discuss the above listed left issues for enabling the ES use case by means of AI/ML.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Encoding and interpretation of the Energy Cost (EC) metric
In last meetings two options for encoding the Energy Cost (EC) metric were discussed – i.e., either encoding the EC as the actual energy consumed or as an index with values (0,..100). We believe that the latter option (i.e. encoding the EC as an index) is more suitable for the multi-vendor environment as this can prevent the exposure of sensitive information over RAN interfaces, hence it should remain internal to the NG-RAN node. Moreover, this option requires less specification effort as it does not need to specify the detailed range of the EC, which is difficult to determine considering the diverse hardware/software configurations and implementation scenarios. Under this option, the OAM could configure the mapping rule between EC indexes and actual EC values or configure the maximum or minimum EC values and a scaling method based on which the peer node can interpret the received abstract value. Therefore, we propose that the WA from the previous meeting concerning the encoding of the EC is basically turned into an agreement, with the suggested rewording:
Proposal 1: The Energy Cost is encoded as an index (0, ..Max), representing energy consumption on a linear scale. 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 neighbouring NG-RAN nodes within the area where a request on EC reporting is triggered by a source NG-RAN node. 
In last RAN3 meeting two options for defining the inferred and measured EC values were discussed – the two EC values represent either the absolute values or the relative (i.e. "delta") values, as follows: 
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
It should be recalled that, in RAN3#119bis-e [1][2], there was a common understanding in RAN3 that the case of “Inferred EC represents the delta increase of the EC value assuming that an additional load is served; Measured EC represents the actual node level EC value” is not considered. 
In our understanding, the delta value alone does not represent enough information for the requesting node to understand the corresponding EC value, unless a reference EC value is provided. For the sake of keeping the specification work at a reasonable complexity, for the case the delta information needs to be determined, the requesting node could compute the delta value internally by comparing the measured EC values from the requested node reported before and after the “Additional Load” is transferred.

Proposal 2: The inferred EC and measured EC represent the absolute EC values, but not the delta values.
2.2 Definition of the “Additional Load”
The following information was proposed for the definition of the “Additional Load” in the last RAN3 meeting: 
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
[bookmark: _Hlk134204230]-	Target Cell of the offloading action
Even though both 1) and 2) are valuable information, we have a slight preference for the latter, i.e., number of active UEs, since the traffic prediction is usually performed at UE level rather than at RRC connections level.
For 3) and 4), the latter (i.e. PDCP SDU data volume to be offloaded) is more appropriate as it represents the real data volume to be offloaded. While the former (PRB load to be offloaded), which represents the physical resource usage, highly depends on the radio environment and scheduling policy, hence it cannot accurately reflect the traffic volume. 
For 5), during the discussion of the granularity of EC, a consensus was reached in the last meeting that it is difficult to calculate the cell-level EC in case multiple cells share the same hardware. So, it was agreed that only the node-level EC is to be defined. Following this logic, and assuming that Proposal 2 is agreed, the inferred EC will represent a node-level EC value assuming that an “Additional Load” is served, hence we see no benefit in providing cell-level information (i.e., the potential target cell ID) to the requested node to better infer the EC.
Based on the above we propose the following:

Proposal 3: Only the following information are supported for defining the “Additional Load”:
· Number of Active UEs to be offloaded 
· Average UL/DL PDCP SDU data volume to be offloaded.
From the discussion we had in the last meeting for the definition of the “Additional Load” it is evident that companies in RAN3 have different understandings on what is actually needed at the requested node to provide predictions for the EC to then be used at the requesting node side to perform the ES action that better maximizes the overall ES gain (i.e., minimizes the overall EC of the area of the network where the requesting node and its neighbours operate). However, in our paper in [3] submitted in the last meeting, we provided an exemplary ES scenario that actually does not foresee any exchange of the “Additional Load” to infer the corresponding EC value but makes use of measured EC based on the current load managed by both the requesting and the requested nodes.
[bookmark: _Hlk130377491]By referring to Figure 1, the basic assumption is that Node A (the requesting node) has an AI/ML model deployed and has knowledge of the current overall energy consumption within a certain area covered by Node A and its neighbours; by means of AI/ML, Node A makes predictions (i.e., AI/ML inferences for ES) of the future overall energy consumption in that area of the network based on actual EC values from neighbour nodes (e.g. Node B) and performs ES actions (e.g., traffic offload) based on those predictions. Such ES actions can be defined at Node A side via an initial exchange over Xn of the current Node B’s EC, such current EC affected by the current load managed by Node B which is not signalled to Node A but remain an information internal to Node B. Node A is then able to determine the current overall energy consumption, using the information from Node B as an input to the AI/ML model deployed within Node A for predictions. As already stated, such ES scenario can be realized without any exchange over Xn of the “Additional Load” but simply exploits the current, measured EC values from the neighbouring NG-RAN nodes being reported to the NG-RAN node which has an AI/ML model deployed.

[image: ]
Figure 1 – ES scenario realized with no preliminary “Additional Load” information exchange.
Proposal 4: In order to keep the complexity at reasonable levels, RAN3 to discuss whether it could be agreed that AI/ML-driven ES actions can be performed based on current, measured EC values from the involved NG-RAN nodes without the need to preliminary exchange “Additional Load” information.
2.3 Procedures for signalling the EC 
Regarding to the Xn signalling of the estimated EC (i.e., inferred EC), the following WA was made in the last RAN3 meeting:
WA: Use the already introduced AI/ML Information Reporting Initiation (Class 1 – AI/ML INFORMATION REQUEST/RESPONSE) procedure to signal to the target NG-RAN node a description of the “additional load”. Use the AI/ML Information Reporting (Class 2 – AI/ML INFORMATION UPDATE) procedure to allow the target NG-RAN node to report the estimation of the Energy Cost (name of the procedures to be further discussed) 
while the following alternative procedure is left for further studies: 
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
By assuming that the “Additional Load” information is still used to derive EC estimations, we think that the already agreed new class 1/2 procedures should be reused as much as possible, for the sake of reducing the complexity and aiming at a unified AI/ML framework. Also, the one-time reporting of the inferred EC, which is the main motivation in support of the alternative new procedure, can already be realized by the agreed new class 1/2 procedures, and therefore there is no need to introduce a new class 1 procedure. 
Proposal 5: There is no need to introduce a new class 1 procedure for requesting an EC estimation for an “Additional Load”, and the WA “WA: Use the already introduced AI/ML Information Reporting Initiation (Class 1 – AI/ML INFORMATION REQUEST/RESPONSE) procedure to signal to the target NG-RAN node a description of the “additional load”. Use the AI/ML Information Reporting (Class 2 – AI/ML INFORMATION UPDATE) procedure to allow the target NG-RAN node to report the estimation of the Energy Cost (name of the procedures to be further discussed)” can be turned into agreement. 
Finally, regarding the following issue left for further studies:
Whether this EC can only be reported after HO needs to be further discussed.
in our understanding, the measured EC can also be reported before HO or, in general, before any ES action is performed. One example is that the current, measured EC of an NG-RAN node could be used by its neighbouring NG-RAN node (requesting node) to evaluate possible ES actions towards that NG-RAN node (as in Figure 1). Hence, if the current, measured EC of Node B is quite high, Node A would not offload UEs to Node B. In case we also involve the “Additional Load” in the determination of the proper ES action, then the current, measured EC of Node B can be signalled over Xn to Node A which can use such information as a threshold for initiating the request of estimated EC and, if such current, measured EC from Node B is high, then Node A will not request Node B to report the estimated EC. 
Proposal 6: The current, measured EC can be reported before and/or after HO.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we make the following proposals. 
[bookmark: _Toc423020280]Proposal 1: The Energy Cost is encoded as an index (0, ..Max), representing energy consumption on a linear scale. 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 neighbouring NG-RAN nodes within the area where a request on EC reporting is triggered by a source NG-RAN node.
Proposal 2: The inferred EC and measured EC represent the absolute EC values, but not the delta values.
Proposal 3: Only the following information are supported for defining the “Additional Load”:
· Number of Active UEs to be offloaded 
· Average UL/DL PDCP SDU data volume to be offloaded.
Proposal 4: In order to keep the complexity at reasonable levels, RAN3 to discuss whether it could be agreed that AI/ML-driven ES actions can be performed based on current, measured EC values from the involved NG-RAN nodes without the need to preliminary exchange “Additional Load” information.
Proposal 5: There is no need to introduce a new class 1 procedure for requesting an EC estimation for an “Additional Load”, and the WA “WA: Use the already introduced AI/ML Information Reporting Initiation (Class 1 – AI/ML INFORMATION REQUEST/RESPONSE) procedure to signal to the target NG-RAN node a description of the “additional load”. Use the AI/ML Information Reporting (Class 2 – AI/ML INFORMATION UPDATE) procedure to allow the target NG-RAN node to report the estimation of the Energy Cost (name of the procedures to be further discussed)” can be turned into agreement.
Proposal 6: The current, measured EC can be reported before and/or after HO.
The corresponding TP to TS 38.423 reflecting the above proposals is provided in Annex.
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	<<<<<< Start of CHANGEs >>>>>>
3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
5QI	5G QoS Identifier
AI	Artificial Intelligence
AMF	Access and Mobility Management Function
BH	Backhaul
CAG	Closed Access Group
CGI	Cell Global Identifier
CHO	Conditional Handover
CP	Control Plane
CPA	Conditional PSCell Addition
CPAC	Conditional PSCell Addition or Change
CPC	Conditional PSCell Change
DAPS	Dual Active Protocol Stack
DL	Downlink
EN-DC	E-UTRA-NR Dual Connectivity
E-RAB	E-UTRAN Radio Access Bearer
GUAMI	Globally Unique AMF Identifier
IAB	Integrated Access and Backhaul
IMEISV	International Mobile station Equipment Identity and Software Version number
MBS	Multicast/Broadcast Service
MCG	Master Cell Group
ML	Machine Learning
M-NG-RAN node	Master NG-RAN node
NGAP	NG Application Protocol
NID	Network Identifier
NPN	Non-Public Network
NSSAI	Network Slice Selection Assistance Information
PEIPS	Paging Early Indication with Paging Subgrouping
PNI-NPN	Public Network Integrated Non-Public Network
ProSe 	Proximity Services
RANAC	RAN Area Code
RedCap	Reduced Capability
RSN	Redundancy Sequence Number
SCG	Secondary Cell Group
SCTP	Stream Control Transmission Protocol
SNPN	Stand-alone Non-Public Network
S-NG-RAN node	Secondary NG-RAN node
S-NSSAI	Single Network Slice Selection Assistance Information
SUL	Supplementary Uplink
SDT	Small Data Transmission
TAC	Tracking Area Code
TAI	Tracking Area Identity
UL	Uplink
UPF	User Plane Function
V2X	Vehicle-to-Everything



<<<<<< NEXT CHANGE >>>>>>

8	XnAP procedures
8.1	Elementary procedures
Table 8.1-1: Class 1 Elementary Procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE

	Retrieve UE Context
	RETRIEVE UE CONTEXT REQUEST
	RETRIEVE UE CONTEXT RESPONSE
	RETRIEVE UE CONTEXT FAILURE

	S-NG-RAN node Addition Preparation
	S-NODE ADDITION REQUEST
	S-NODE ADDITION REQUEST ACKNOWLEDGE
	S-NODE ADDITION REQUEST REJECT

	M-NG-RAN node initiated S-NG-RAN node Modification Preparation
	S-NODE MODIFICATION REQUEST
	S-NODE MODIFICATION REQUEST ACKNOWLEDGE
	S-NODE MODIFICATION REQUEST REJECT

	S-NG-RAN node initiated S-NG-RAN node Modification
	S-NODE MODIFICATION REQUIRED
	S-NODE MODIFICATION CONFIRM
	S-NODE MODIFICATION REFUSE

	S-NG-RAN node initiated S-NG-RAN node CHANGE
	S-NODE CHANGE REQUIRED
	S-NODE CHANGE CONFIRM
	S-NODE CHANGE REFUSE

	M-NG-RAN node initiated S-NG-RAN node Release
	S-NODE RELEASE REQUEST
	S-NODE RELEASE REQUEST ACKNOWLEDGE
	S-NODE RELEASE REJECT

	S-NG-RAN node initiated S-NG-RAN node Release
	S-NODE RELEASE REQUIRED
	S-NODE RELEASE CONFIRM
	

	Xn Setup 
	XN SETUP REQUEST
	XN SETUP RESPONSE
	XN SETUP FAILURE

	NG-RAN node Configuration Update
	NG-RAN NODE CONFIGURATION UPDATE
	NG-RAN NODE CONFIGURATION UPDATE ACKNOWLEDGE
	NG-RAN NODE CONFIGURATION UPDATE FAILURE

	Cell Activation
	CELL ACTIVATION REQUEST
	CELL ACTIVATION RESPONSE
	CELL ACTIVATION FAILURE

	Reset
	RESET REQUEST
	RESET RESPONSE
	

	Xn Removal
	Xn REMOVAL REQUEST
	Xn REMOVAL RESPONSE
	Xn REMOVAL FAILURE

	E-UTRA - NR Cell Resource Coordination
	E-UTRA - NR CELL RESOURCE COORDINATION REQUEST
	E-UTRA - NR CELL RESOURCE COORDINATION RESPONSE
	

	Resource Status Reporting Initiation
	RESOURCE STATUS REQUEST
	RESOURCE STATUS RESPONSE
	RESOURCE STATUS FAILURE

	Mobility Settings Change
	MOBILITY CHANGE REQUEST
	MOBILITY CHANGE ACKNOWLEDGE
	MOBILITY CHANGE FAILURE

	IAB Transport Migration Management
	IAB TRANSPORT MIGRATION MANAGEMENT REQUEST
	IAB TRANSPORT MIGRATION MANAGEMENT RESPONSE
	IAB TRANSPORT MIGRATION MANAGEMENT REJECT

	IAB Transport Migration Modification
	IAB TRANSPORT MIGRATION MODIFICATION REQUEST
	IAB TRANSPORT MIGRATION MODIFICATION RESPONSE
	

	IAB Resource Coordination
	IAB RESOURCE COORDINATION REQUEST
	IAB RESOURCE COORDINATION RESPONSE
	

	Partial UE Context Transfer
	PARTIAL UE CONTEXT TRANSFER
	PARTIAL UE CONTEXT TRANSFER ACKNOWLEDGE
	PARTIAL UE CONTEXT TRANSFER FAILURE

	AI/ML Information Reporting Initiation (FFS on the name)
	AI/ML INFORMATION REQUEST (FFS on the name)
	AI/ML INFORMATION RESPONSE (FFS on the name)
	AI/ML INFORMATION FAILURE (FFS on the name)




<<<<<< UNCHANGED TEXT OMITTED >>>>>>
9.1.3	Messages for Global Procedures
<<<<<< UNCHANGED TEXT OMITTED >>>>>>

9.1.3.CC	AI/ML INFORMATION REQUEST (FFS on the name)
This message is sent by NG-RAN node1 to NG-RAN node2 to initiate the requested AI/ML related 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 (FFS on the name)
	M
	
	INTEGER (1..4095,...) 
	Allocated by NG-RAN node1
	YES
	reject

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

	Registration Request
	M
	
	ENUMERATED(start, stop, …) (FFS on others)
	Type of request for which the AI/ML related 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 Resource Status,
Second Bit = Predicted Number of Active UEs,
Third Bit = Predicted RRC connections, 
Fourth Bit = UE Performance,
Fifth Bit = Energy Cost, Sixth Bit = Predicted Energy Cost


FFS on the coding
	YES
	reject

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

	>Cell To Report Item
	
	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

	CHOICE Requested Prediction Time
	M
	
	
	
	
	

	>Time Instant
	
	
	OCTET STRING (SIZE(4))
	Instant time that the prediction is requested for.
	
	

	>Time Interval
	
	
	FFS
	Time window that the prediction is requested for.
	
	

	Additional Load List 
	
	0..1
	
	This list is associated with the requested Predicted Energy Cost.
	YES
	ignore

	> Additional Load Item 

	
	1 .. < maxnoofAdditionalLoad>
	
	
	–
	

	>> Additional Load Info
	M
	
	
	9.2.3.yy
	-
	



	Condition
	Explanation

	ifRegistrationRequestStop
	This IE shall be present if the Registration Request IE is set to the value "stop". 

	ifRegistrationRequestStart
	This IE shall be present if the Registration Request IE is set to the value "start".



	Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.

	maxnoofAdditionalLoad
	Maximum no. Additional Loads that can be associated with the Predicted Energy Cost. Value is FFS.




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)
	
	0..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
	
	
	
	
	
	

	UE Performance Result (FFS)
	O
	
	9.2.3.Y
	
	
	

	Energy Cost
	O
	
	FFS
	It represents the actual measurement of the Energy Cost (FFS)
	
	

	Predicted Energy Cost List
	O
	
	
	
	
	

	> Predicted Energy Cost Item 
	
	1 .. < maxnoofPredictedEnergyCosts>
	
	
	
	

	>> Predicted Energy Cost
	M
	
	9.2.3.xx
	
	
	



	Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.

	maxnoofPredictedEnergyCosts
	Maximum no. Predicted Energy Costs that can be requested. Value is FFS.




<<<<<< UNCHANGED TEXT OMITTED >>>>>>
9.2.3.xx	Energy cost
The Energy Cost IE indicates the energy cost.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Energy Cost
	M
	
	INTEGER (0..100)
	 



9.2.3.yy	Load Info
The Load Info IE indicates the load information associated with the energy cost.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Number of UEs to serve/offload
	M
	
	INTEGER (0..FFS)
	 

	Average UL PDCP SDU data volume
	M
	
	INTEGER (0..FFS)
	Unit: octets per minute (FFS)

	Average DL PDCP SDU data volume
	M
	
	INTEGER (0..FFS)
	Unit: octets per minute (FFS)



[bookmark: _1721484737][bookmark: _1721484820]<<<<<< End of CHANGES >>>>>
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