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Introduction
During RAN3 #117-e meeting, the following agreements were reached for AI/ML based network energy saving use case:
	Current Energy Efficiency metric can be exchanged between RAN nodes for the energy saving use case.
FFS what the exact node behaviour at reception of the Energy Efficiency metric will be.
Energy Efficiency constitutes a metric that reflects the energy consumption of a cell or a node. It is FFS what the granularity and exact coding of this metric is.
FFS on how is energy efficiency represented in the Xn message.


In this contribution, we further discuss the remaining issues and provide our views and the corresponding text proposal. 
Discussion
[bookmark: P1]Behavior of Energy Efficiency Metric Reception 
During RAN3 #117-e meeting, it was marked FFS what the exact node behavior should be at the reception of energy efficiency metric. As captured in TR 37.817 [1], the current energy efficiency information is used as an input for Model Training and Model Inference of AI/ML based network energy saving. 
If a handover needs to be triggered by network energy saving decision, when selecting the target NG-RAN node, if the current energy efficiency of neighbouring NG-RAN node(s) is available, the current NG-RAN node can make the handover decision based on the evaluation of their energy efficiency status. If the current energy efficiency of a neighbouring NG-RAN node is low, it indicates a lower performance of the NG-RAN node. Handling a new UE’s handover may introduce extra burden to such NG-RAN node, which would further lead to its poorer system performance. Therefore, to optimize overall system performance, the current NG-RAN node is better not to select a neighbor with lower energy efficiency performance for handover. Otherwise, the NG-RAN node with low energy efficiency performance may become even worse after accepting the handover decision, which may further impact the performance of other existing UEs in its network.
Proposal 1: Upon reception of energy efficiency, the NG-RAN node takes it as an input for AI/ML based network energy saving. The NG-RAN node may not select a neighbouring NG-RAN node with low energy efficiency performance as for handover target.
Energy Efficiency Metric
Procedure to carry Energy Efficiency Metric
As discussed in the companion contribution [2], the existing Resource Status Request/Response/Update messages are better to be extended to support collection of the current energy efficiency and energy state. It can be treated as a new measurement object and thus a new bit can be introduced within the Report Characteristics to request energy efficiency measurement from the neighbouring NG-RAN nodes. 
Proposal 2: Introduce a new bit within the Report Characteristics to request the current status of energy efficiency in the Resource Status Request message.
Definition of Energy Efficiency Metric
In TS 28.554 [3], two types of energy efficiency are defined to be reported for network energy saving SON use cases, i.e. NG-RAN data energy efficiency and network slice energy efficiency. The network slide energy efficiency is further split into energy efficiency of eMBB, uRLLC, and mIoT. 
To align with the information that has been used for energy saving use case in SON, both types of energy efficiency should be supported across NG-RAN nodes via the existing Resource Status Request/Response/Update messages. 
As supported in [1], there are two deployment modes for AI/ML based network energy saving use case, i.e. Model Training at OAM and Model Inference at NG-RAN; Model Training and Model Inference at NG-RAN. As energy efficiency defined in TS 28.554 [3] is already supported to be transmitted from network to OAM for SON use case, this information can be reused for AI/ML-based network energy saving as well without further specification work. 
From NG-RAN point of view, for the same use case, regardless of what deployment mode is, the required input data should be the same, including the definition and data format. Therefore, metric and definition of energy efficiency in TS 28.554 [3] is proposed to be re-used and exchanged over Xn interface. This could also reduce burden at NG-RAN node to generate two different sets of energy efficiency for different deployment modes.
Proposal 3: Energy efficiency defined in TS 28.554 is re-used to support AI/ML based network energy saving use case and exchanged over Xn interface.
Additionally, as defined in TS 28.552 [4], the following information are collected by gNB for power, energy and environment measurement:
· PNF power consumption: average power, minimum power, maximum power
· PNF energy consumption 
· PNF temperature: average temperature, minimum temperature, maximum temperature
· PNF voltage
· PNF current
· PNF humidity
From the above list, for network energy saving, we think it is useful to know the power and energy consumption of the neighbouring NG-RAN nodes. Besides providing the optimized energy efficiency strategy, it is also important not to overload neighbouring NG-RAN nodes, which may cause high power/energy consumptions overall. A neighbouring NG-RAN node can send its PNF power consumption and PNF energy consumption as part of its energy efficiency, so that the source NG-RAN node may not select this NG-RAN node for handover if its power/energy consumption level is high.
The same measurement object “energy efficiency” can also be used to request information of energy state.
Proposal 4: The Resource Status Update message includes the following information when “energy efficiency” is requested by the Resource Status Request message:
· NG-RAN data energy efficiency
· Network slice energy efficiency, including energy efficiency of eMBB, uRLLC and mIoT
· PNF power consumption, including average power, minimum power, and maximum power
· PNF energy consumption 
· Energy state (high/low/active/inactive)
Conclusion
In this contribution, we discussed stage-3 issues specific for AI/ML-based network energy saving use case.
We propose the following observations and proposals:
Proposal 1: Upon reception of energy efficiency, the NG-RAN node takes it as an input for AI/ML based network energy saving. The NG-RAN node may not select a neighbouring NG-RAN node with low energy efficiency performance as for handover target.
Proposal 2: Introduce a new bit within the Report Characteristics to request the current status of energy efficiency in the Resource Status Request message.
Proposal 3: Energy efficiency defined in TS 28.554 is re-used to support AI/ML based network energy saving use case and exchanged over Xn interface.
Proposal 4: The Resource Status Update message includes the following information when “energy efficiency” is requested by the Resource Status Request message:
· NG-RAN data energy efficiency
· Network slice energy efficiency, including energy efficiency of eMBB, uRLLC and mIoT
· PNF power consumption, including average power, minimum power, and maximum power
· PNF energy consumption 
· Energy state (high/low/active/inactive)
The corresponding text proposal for TS 38.423 is provided in Annex. 
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Annex – Text Proposal for TS 38.423
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9.1.3	Messages for Global Procedures
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
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This message is sent by NG-RAN node1 to NG-RAN node2 to initiate the requested measurement 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-ifRegistrationRequestStoporAdd
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	ignore

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

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the NG-RAN node2 is requested to report.
First Bit = PRB Periodic,
Second Bit = TNL Capacity Ind Periodic,
Third Bit = 
Composite Available Capacity Periodic, Fourth Bit =Number of Active UEs, 
Fifth Bit =RRC connections,
Sixth Bit = NR-U Channel List,.
Ninth Bit = Energy Efficiency.
Other bits shall be ignored by the NG-RAN node2.
	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

	
	–
	

	>>SSB To Report List
	
	0..1
	
	SSB list to which the request applies.
	–
	

	>>>SSB To Report Item
	
	1 .. < maxnoofSSBAreas>
	
	
	–
	

	>>>>SSB-Index
	M
	
	INTEGER (0..,63..)
	
	–
	

	>>Slice To Report List
	
	0..1
	
	S-NSSAI list to which the request applies. 
	–
	

	>>>Slice To Report Item
	
	1 .. < maxnoofBPLMNs >
	
	
	–
	

	>>>>PLMN Identity
	M
	
	9.2.2.4
	Broadcast PLMN
	–
	

	>>>>S-NSSAI List 
	
	1
	
	
	–
	

	>>>>>S-NSSAI Item
	
	1 .. < maxnoofSliceItems>
	
	
	–
	

	>>>>>>S-NSSAI
	M
	
	S-NSSAI
9.2.3.21
	
	–
	

	>>UE To Report List
	
	0..1
	
	UE list to which the request applies
	–
	

	>>>UE To Report Item
	
	1.. <maxnoofUEContexts>
	
	
	–
	

	>>>>NG-RAN node1 UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the NG-RAN node1
	–
	

	Reporting Periodicity
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	Periodicity that can be used for reporting of PRB Periodic, TNL Capacity Ind Periodic, Composite Available Capacity Periodic. Also used as the averaging window length for all measurement object if supported.
	YES
	ignore



	Condition
	Explanation

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

	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.

	maxnoofSSBAreas
	Maximum no. SSB Areas that can be served by a NG-RAN node cell. Value is 64.

	maxnoofSliceItems
	Maximum no. of signalled slice support items. Value is 1024.

	maxnoofUEContexts
	Maximum no. of UE Contexts. Value is 8192.




//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
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This message is sent by NG-RAN node2 to NG-RAN node1 to report the results of the requested measurements.
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
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	YES
	ignore

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

	
	–
	

	>>Radio Resource Status 
	O
	
	[bookmark: _Hlk44419252]9.2.2.50
	
	–
	

	>>TNL Capacity Indicator
	O
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	–
	

	>>Composite Available Capacity Group
	O
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	–
	

	>>Slice Available Capacity
	O
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	–
	

	>>Number of Active UEs 
	O
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	–-
	

	>>RRC Connections
	O
	
	[bookmark: _Hlk44419316]9.2.2.56
	
	–
	

	>>NR-U Channel List
	
	0..1
	
	
	YES
	ignore

	>>>NR-U Channel Item
	
	1..<maxnoofNR-UChannelIDs>
	
	
	–
	

	>>>>NR-U Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannelIDs, …)
	The NR-U channel utilised in the last reporting period 
	–
	

	>>>>Channel occupancy time percentage DL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for DL traffic served by the corresponding cell. Value 100 corresponds to the duration between consecutive reporting.

	–
	

	>>>>Energy Detection Threshold
	M
	
	INTEGER (-100..-50,…)
	Average ED Threshold used for DL channel sensing. Value is in dBm. 
	–
	

	>>Energy Efficiency
	O
	
	9.2.2.cc
	
	–
	




//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
9.2.2	NG-RAN Node and Cell Configuration related IE definitions
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
9.2.2.cc	Energy Efficiency
The Energy Efficiency IE indicates the energy efficiency status of the NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CHOICE Energy Efficiency Type
	M
	
	
	
	
	

	>NG-RAN data energy efficiency
	
	
	
	
	
	

	>>NG-RAN Data Energy Efficiency
	O
	
	TBD
	
	
	

	>Network slice energy efficiency
	
	
	
	
	
	

	>>Energy Efficiency of eMBB Network Slice
	O
	
	TBD
	
	
	

	>>Energy Efficiency of uRLLC Network Slice
	O
	
	TBD
	
	
	

	>>Energy Efficiency of mIoT Network Slice
	O
	
	TBD
	
	
	

	>PNF power consumption
	
	
	
	
	
	

	>>Average Power
	O
	
	TBD
	
	
	

	>>Minimum Power
	O
	
	TBD
	
	
	

	>>Maximum Power
	O
	
	TBD
	
	
	

	>PNF energy consumption
	
	
	
	
	
	

	>>PNF Energy Consumption
	O
	
	TBD
	
	
	

	>energy state
	
	
	
	
	
	

	>>Energy State
	O
	
	ENUMERATED (high, low, active, deactive)
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