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1	Introduction
In RAN3 #121 we made the following agreement:
Work on the measured EC transmission from gNB-DU to gNB-CU over F1 in R18. Whether reusing the current F1AP procedures or defining new procedures needs to be further discussed.
In this contribution, we provide our views on the procedures to exchange Energy Cost over F1AP. We also provide a Text Proposal in the Annex.
2	Discussion
In previous meetings we have defined the Energy Cost metric, exchanged between NG-RAN nodes, to be an inferred energy consumption related to an additional load or an actual energy consumption value from a neighbouring node for either an additional load or for a current load. In case of split architecture, the Energy Cost metric can be measured at the gNB-DU that manages the lower layer functions. However, one problem that arises is how to describe Energy Consumption of a gNB at a gNB-DU level. This is because the Energy Consumption of a gNB KPI defined in TS 28.554 is at gNB granularity and is summed over all the entities that comprise the gNB. 

Observation 1: The Energy Consumption of a gNB KPI in TS 28.554 is at a gNB granularity and is summed over all the entities that comprise the gNB.

To support Energy Cost at a gNB-DU granularity we need to define a new metric to measure Energy Consumption at a gNB-DU granularity. This can be taken into account by SA5 when a unified rule is defined by the group.

Additionally, we need to introduce the necessary signalling to allow a gNB-CU to retrieve an Energy Cost value from a gNB-DU. This can be done either by introducing the request over a) existing procedures or b) by defining new procedures. In our view, there aren’t currently any F1AP procedures that are suitable to carry Energy Cost information. The Resource Status Procedure defined over F1 interface is used to exchange resource information, but Energy Cost is not related to radio resources. Furthermore, we have already defined a Class 1 and a Class 2 procedure, namely Data Collection Reporting Initiation and Data Collection Reporting respectively, over Xn interface which are used to allow an NG-RAN node 1 to request Energy Cost from NG-RAN node 2 and NG-RAN node 2 to report the corresponding Energy Cost value to NG-RAN node 1. The same procedure can be defined over F1 interface to allow a gNB-CU to request Energy Cost information from a gNB-DU and subsequently the gNB-DU report the Energy Cost value to gNB-CU. This will help keep F1AP aligned with XnAP, in a similar way as done for other features.

Proposal 1: Introduce a Class 1 procedure Data Collection Reporting Initiation over F1 interface to enable a gNB-CU request Energy Cost from gNB-DU.   

Proposal 2: Introduce a Class 2 procedure Data Collection Reporting over F1 interface to enable a gNB-DU report its measured Energy Cost to gNB-CU.

This procedure could be used in the future for other information related to AI/ML information. Since currently the only measurement supported in this procedure is reporting of Energy Cost information, we think that partial reporting is not at this stage useful to this procedure.

In the Annex of this paper we provide a TP to BL CR for TS 38.473.

Proposal 3: Discuss and agree the TP to BL CR to TS 38.473 provided in the Annex.


3	Conclusion
In this contribution, we make the following observations and proposals:
Observation 1: The Energy Consumption of a gNB KPI in TS 28.554 is at a gNB granularity and is summed over all the entities that comprise the gNB.
Proposal 1: Introduce a Class 1 procedure Data Collection Reporting Initiation over F1 interface to enable a gNB-CU request Energy Cost from gNB-DU.   
Proposal 2: Introduce a Class 2 procedure Data Collection Reporting over F1 interface to enable a gNB-DU report its measured Energy Cost to gNB-CU.
Proposal 3: Discuss and agree the TP to BL CR to TS 38.473 provided in the Annex.


Annex 	- TP for TS 38.473
<<< start of changes >>> 
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For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].
5GC	5G Core Network
5QI	5G QoS Identifier
AI	Artificial Intelligence
AMF	Access and Mobility Management Function
ARP	Antenna Reference Point
ARPI	Additional RRM Policy Index
BH	Backhaul
CAG	Closed Access Group
CN	Core Network
CG	Cell Group
CG-SDT	Configured Grant-Small Data Transmission
CGI	Cell Global Identifier 
CHO	Conditional Handover
CP	Control Plane 
CPA	Conditional PSCell Addition
CPC	Conditional PSCell Change
DAPS	Dual Active Protocol Stack
DL	Downlink 
DL-PRS	Downlink Positioning Reference Signal
EN-DC	E-UTRA-NR Dual Connectivity
EPC	Evolved Packet Core
FSA ID	MBS Frequency Selection Area (FSA) ID
IAB	Integrated Access and Backhaul
IMEISV	International Mobile station Equipment Identity and Software Version number
LMF	Location Management Function
MBS	Multicast/Broadcast Service
ML	Machine Learning
NID	Network Identifier
NPN	Non-Public Network
NSAG	Network Slice AS Group
NSSAI	Network Slice Selection Assistance Information
PDC	Propagation Delay Compensation
PEIPS	Paging Early Indication with Paging Subgrouping
posSIB	Positioning SIB
PNI-NPN	Public Network Integrated NPN
PTP	Point to Point
PTM	Point to Multipoint
QMC	QoE Measurement Collection
QoE	Quality of Experience
RANAC	RAN Area Code
RedCap	Reduced Capability
RIM	Remote Interference Management
RIM-RS	RIM Reference Signal
RRC	Radio Resource Control
RSRP	Reference Signal Received Power
SDT	Small Data Transmission
SNPN	Stand-alone Non-Public Network
S-NSSAI	Single Network Slice Selection Assistance Information
SUL	Supplementary Uplink
TAC	Tracking Area Code
TAI	Tracking Area Identity
TEG	Timing Error Group
TRP	Transmission-Reception Point
U2N	UE-to-Network
UL-AoA	Uplink Angle of Arrival 
UL-RTOA	Uplink Relative Time of Arrival
UL-SRS	Uplink Sounding Reference Signal
Z-AoA	Zenith Angles of Arrival

<<next change>>
[bookmark: _Toc20955728][bookmark: _Toc29892822][bookmark: _Toc36556759][bookmark: _Toc45832135][bookmark: _Toc51763315][bookmark: _Toc64448478][bookmark: _Toc66289137][bookmark: _Toc74154250][bookmark: _Toc81382994][bookmark: _Toc88657627][bookmark: _Toc97910539][bookmark: _Toc99038178][bookmark: _Toc99730439][bookmark: _Toc105510558][bookmark: _Toc105927090][bookmark: _Toc106109630][bookmark: _Toc113835067][bookmark: _Toc120123910][bookmark: _Toc138795276]8	F1AP procedures
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In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):
<< skip unchanged procedural text >>>
	Resource Status Reporting Initiation
	RESOURCE STATUS REQUEST
	RESOURCE STATUS RESPONSE
	RESOURCE STATUS FAILURE

	Positioning Measurement
	POSITIONING MEASUREMENT REQUEST
	POSITIONING MEASUREMENT RESPONSE
	POSITIONING MEASUREMENT FAILURE

	Positioning Information Exchange
	POSITIONING INFORMATION REQUEST
	POSITIONING INFORMATION RESPONSE
	POSITIONING INFORMATION FAILURE

	TRP Information Exchange
	TRP INFORMATION REQUEST
	TRP INFORMATION RESPONSE
	TRP INFORMATION FAILURE

	Positioning Activation
	POSITIONING ACTIVATION REQUEST
	POSITIONING ACTIVATION RESPONSE
	POSITIONING ACTIVATION FAILURE

	E-CID Measurement Initiation
	E-CID MEASUREMENT INITIATION REQUEST
	E-CID MEASUREMENT INITIATION RESPONSE
	E-CID MEASUREMENT INITIATION FAILURE

	Broadcast Context Setup
	BROADCAST CONTEXT SETUP REQUEST
	BROADCAST CONTEXT SETUP RESPONSE
	BROADCAST CONTEXT SETUP FAILURE

	Broadcast Context Release
	BROADCAST CONTEXT RELEASE COMMAND
	BROADCAST CONTEXT RELEASE COMPLETE
	

	Broadcast Context Modification
	BROADCAST CONTEXT MODIFICATION REQUEST
	BROADCAST CONTEXT MODIFICATION RESPONSE
	BROADCAST CONTEXT MODIFICATION FAILURE

	Multicast Context Setup
	MULTICAST CONTEXT SETUP REQUEST
	MULTICAST CONTEXT SETUP RESPONSE
	MULTICAST CONTEXT SETUP FAILURE

	Multicast Context Release
	MULTICAST CONTEXT RELEASE COMMAND
	MULTICAST CONTEXT RELEASE COMPLETE
	

	Multicast Context Modification
	MULTICAST CONTEXT MODIFICATION REQUEST
	MULTICAST CONTEXT MODIFICATION RESPONSE
	MULTICAST CONTEXT MODIFICATION FAILURE

	Multicast Distribution Setup
	MULTICAST DISTRIBUTION SETUP REQUEST
	MULTICAST DISTRIBUTION SETUP RESPONSE
	MULTICAST DISTRIBUTION SETUP FAILURE

	Multicast Distribution Release
	MULTICAST DISTRIBUTION RELEASE COMMAND
	MULTICAST DISTRIBUTION RELEASE COMPLETE
	

	PDC Measurement Initiation
	PDC MEASUREMENT INITIATION REQUEST
	PDC MEASUREMENT INITIATION RESPONSE
	PDC MEASUREMENT INITIATION FAILURE

	PRS Configuration Exchange
	PRS CONFIGURATION REQUEST
	PRS CONFIGURATION RESPONSE
	PRS CONFIGURATION FAILURE

	Measurement Preconfiguration
	MEASUREMENT PRECONFIGURATION REQUIRED 
	MEASUREMENT PRECONFIGURATION CONFIRM 
	MEASUREMENT PRECONFIGURATION REFUSE

	Data Collection Reporting Initiation
	DATA COLLECTION REQUEST
	DATA COLLECTION RESPONSE
	DATA COLLECTION FAILURE




Table 2: Class 2 procedures
	Elementary Procedure
	Message

	Error Indication
	ERROR INDICATION

	UE Context Release Request (gNB-DU initiated)
	UE CONTEXT RELEASE REQUEST

	Initial UL RRC Message Transfer
	INITIAL UL RRC MESSAGE TRANSFER

	DL RRC Message Transfer
	DL RRC MESSAGE TRANSFER

	UL RRC Message Transfer
	UL RRC MESSAGE TRANSFER

	UE Inactivity Notification 
	UE INACTIVITY NOTIFICATION

	System Information Delivery
	SYSTEM INFORMATION DELIVERY COMMAND

	Paging
	PAGING

	Notify
	NOTIFY

	PWS Restart Indication
	PWS RESTART INDICATION

	PWS Failure Indication
	PWS FAILURE INDICATION

	gNB-DU Status Indication
	GNB-DU STATUS INDICATION

	RRC Delivery Report
	RRC DELIVERY REPORT

	Network Access Rate Reduction
	NETWORK ACCESS RATE REDUCTION

	Trace Start
	TRACE START

	Deactivate Trace
	DEACTIVATE TRACE

	DU-CU Radio Information Transfer
	DU-CU RADIO INFORMATION TRANSFER

	CU-DU Radio Information Transfer
	CU-DU RADIO INFORMATION TRANSFER

	Resource Status Reporting
	RESOURCE STATUS UPDATE

	Access And Mobility Indication
	ACCESS AND MOBILITY INDICATION

	Reference Time Information Reporting Control
	REFERENCE TIME INFORMATION REPORTING CONTROL

	Reference Time Information Report
	REFERENCE TIME INFORMATION REPORT

	Access Success
	ACCESS SUCCESS

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	Positioning Assistance Information Control
	POSITIONING ASSISTANCE INFORMATION CONTROL

	Positioning Assistance Information Feedback
	POSITIONING ASSISTANCE INFORMATION FEEDBACK

	Positioning Measurement Report
	POSITIONING MEASUREMENT REPORT

	Positioning Measurement Abort
	POSITIONING MEASUREMENT ABORT

	Positioning Measurement Failure Indication
	POSITIONING MEASUREMENT FAILURE INDICATION

	Positioning Measurement Update
	POSITIONING MEASUREMENT UPDATE

	Positioning Deactivation
	POSITIONING DEACTIVATION

	E-CID Measurement Failure Indication
	E-CID MEASUREMENT FAILURE INDICATION

	E-CID Measurement Report
	E-CID MEASUREMENT REPORT

	E-CID Measurement Termination
	E-CID MEASUREMENT TERMINATION COMMAND

	Positioning Information Update
	POSITIONING INFORMATION UPDATE

	Multicast Group Paging
	MULTICAST GROUP PAGING

	Broadcast Context Release Request
	BROADCAST CONTEXT RELEASE REQUEST

	Multicast Context Release Request
	MULTICAST CONTEXT RELEASE REQUEST

	PDC Measurement Report
	PDC MEASUREMENT REPORT

	PDC Measurement Termination
	PDC MEASUREMENT TERMINATION COMMAND

	PDC Measurement Failure Indication
	PDC MEASUREMENT FAILURE INDICATION

	PDC Measurement Termination
	PDC MEASUREMENT TERMINATION COMMAND

	Measurement Activation 
	MEASUREMENT ACTIVATION 

	QoE Information Transfer
	QOE INFORMATION TRANSFER

	Positioning System Information Delivery
	POSITIONING SYSTEM INFORMATION DELIVERY COMMAND

	Data Collection Reporting
	DATA COLLECTION UPDATE
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This procedure is used by a gNB-CU to request the reporting of measurements, that may be used for AI/ML purposes, to gNB-DU.
The procedure uses non UE-associated signalling.
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Figure 8.2.xx.2-1: Data Collection Reporting Initiation, successful operation
gNB-CU initiates the procedure by sending the DATA COLLECTION REQUEST message to gNB-DU to start a measurement and stop a measurement. Upon receipt, gNB-DU:
-	shall initiate the requested measurement according to the parameters given in the request in case the Registration Request IE set to "start"; or
-	shall stop all measurements and terminate the reporting in case the Registration Request IE is set to "stop"; 
If gNB-DU is capable to provide all requested information, it shall initiate the measurements as requested by gNB-CU, and respond with the DATA COLLECTION RESPONSE message.
If the Reporting Periodicity IE in the DATA COLLECTION REQUEST is present, this indicates the periodicity for the reporting of periodic measurements. The gNB-DU shall report once, unless otherwise requested within the Reporting Periodicity IE.

Interaction with other procedures
When starting a measurement, the Report Characteristics IE in the DATA COLLECTION REQUEST indicates the type of objects gNB-DU shall perform measurements on. The gNB-DU shall include in the DATA COLLECTION UPDATE message:
[bookmark: _Hlk20925064]-	the Energy Cost IE, if the first bit, “Energy Cost” of the Report Characteristics IE included in the DATA COLLECTION REQUEST message is set to “1”.
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Figure 8.2.10.3-1: Data Collection Reporting Initiation, unsuccessful operation
If any of the requested measurements cannot be initiated, gNB-DU shall send the DATA COLLECTION FAILURE message with an appropriate cause value. 
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If the initiating gNB-CU does not receive either DATA COLLECTION RESPONSE message or DATA COLLECTION FAILURE message, the gNB-CU may reinitiate the Data Collection Reporting Initiation procedure towards the same gNB-DU, provided that the content of the new DATA COLLECTION REQUEST message is identical to the content of the previously unacknowledged DATA COLLECTION REQUEST message with the same Transaction ID.
If the Report Characteristics IE bitmap is set to "0" (all bits are set to "0") in the DATA COLLECTION REQUEST message then gNB-DU shall initiate a DATA COLLECTION FAILURE message with an appropriate cause value.
If the gNB-DU receives a DATA COLLECTION REQUEST message which includes the Registration Request IE set to "start" and the gNB-CU Measurement ID IE corresponding to an existing on-going measurement reporting, for which a different Transaction ID is used, then gNB-DU shall initiate a DATA COLLECTION FAILURE message with an appropriate cause value.
If the gNB-DU receives a DATA COLLECTION REQUEST message which includes the Registration Request IE set to “stop” and if the gNB-CU Measurement ID value received in the DATA COLLECTION REQUEST message is not used, the gNB-DU shall initiate DATA COLLECTION FAILURE message with an appropriate cause value.
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This procedure is initiated by gNB-DU to report the result of measurements that may be used for AI/ML purposes admitted by gNB-DU following a successful Data Collection Reporting Initiation procedure.
The procedure uses non UE-associated signalling.
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Figure 8.2.11.2-1: Data Collection Reporting, successful operation
The gNB-DU shall report the results of the admitted measurements in DATA COLLECTION UPDATE message. The admitted measurements, that may be used for AI/ML purposes, are the measurements that were successfully initiated during the preceding Data Collection Reporting Initiation procedure.
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Not applicable.
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Void.
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This message is sent by gNB-CU to gNB-DU to initiate the requested measurement according to the parameters given in the message.
Direction: gNB-CU  gNB-DU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	gNB-DU Measurement ID
	C-ifRegistrationRequestStoporAdd
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	ignore

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

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BIT STRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the gNB-DU is requested to report.
First Bit = Energy Cost

Other bits shall be ignored by the gNB-DU.
	YES
	ignore

	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 measurement object if supported.

	YES
	ignore



	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".
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This message is sent by gNB-DU to gNB-CU to indicate that the requested measurement is successfully initiated.
Direction: gNB-DU  gNB-CU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore
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This message is sent by gNB-DU to gNB-CU to indicate that for any of the requested measurement objects the measurement cannot be initiated.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	ignore

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore
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This message is sent by gNB-DU to gNB-CU to report the results of the requested measurements.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	gNB-CU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-CU
	YES
	reject

	gNB-DU Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by gNB-DU
	YES
	ignore

	Energy Cost 
	O
	
	INTEGER 
(0..10000,...)
	Measured Energy Consumption index at gNB-DU.
Value 0 indicates the minimum normalized Energy Consumption and 10000 indicates the maximum normalized Energy Consumption. Energy Consumption is measured on a linear scale. 
	YES
	ignore



<<End of changes>>

oleObject2.bin


DATA COLLECTION FAILURE







DATA COLLECTION REQUEST







gNB-DU











 gNB-CU












image3.emf
 

  gNB - CU   gNB - DU  

DATA C OLLECTION   UPDATE  


oleObject3.bin


DATA COLLECTION UPDATE







gNB-DU







 gNB-CU












image1.emf
 

gNB - CU  

DATA COLLECTION   REQUEST  

gNB - DU    

DATA COLLECTION   RESPONSE  


oleObject1.bin


gNB-DU











gNB-CU







DATA COLLECTION RESPONSE







DATA COLLECTION REQUEST












image2.emf
 

  gNB - CU  

DATA COLLECTION   REQUEST  

gNB - DU    

DATA COLLECTION   FAILURE  


