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1. Introduction
During previous RAN3 meetings proposals were made to add support for new load metrics per NR-U channel. In this contribution we further discuss the benefits of addition of Radio Resource Status per NR-U channel.

2. Radio Resource Status per NR-U Channel

As specified in XnAP (clause 9.2.2.50) “The Radio Resource Status IE indicates the usage of the PRBs per cell for MIMO, per SSB area, and per slice for all traffic in Downlink and Uplink and the usage of PDCCH CCEs for Downlink and Uplink scheduling.”. Similar description exists in F1AP. 
At the moment Radio Resource Status does not consider the NR-U channel granularity. If there are two potential candidate cells for load balancing, say cell A and cell B, and each cell has two (or more) NR-U channels defined, it is not possible to understand whether the cell A or the cell B is able to serve a UE handed over for load balancing reasons using the least loaded NR-U channel. 
If the Radio Resource Status information would be reported per NR-U Channel, the receiving node would be able to understand the amount of consumed radio resources (e.g. PRB) for an individual NR-U Channel, with the same granularities available in the existing Radio Resource Status IE (e.g. per SSB area). In the example mentioned earlier, if one of the NR-U Channels of cell A is reported as the least loaded channel, compared to another NR-U channels of cell B, load balancing can decide to handover UEs to cell A instead of to cell B. 
Therefore, we propose to add as new NR-U load metric, a Radio Resource Status IE per NR-U Channel. This addition is applicable to the XnAP RESOURCE STATUS UPDATE message and to the F1AP RESOURCE STATUS UPDATE message.

Proposal 1: Add a Radio Resource Status per NR-U Channel IE as new NR-U load metrics in XnAP RESOURCE STATUS UPDATE message.

Proposal 2: Add a Radio Resource Status per NR-U Channel IE as new NR-U load metrics in F1AP RESOURCE STATUS UPDATE message.
The proposed TPs for XnAP and F1AP reflecting the above proposals are found in appendix A and B respectively.
Conclusion
This contribution proposes new per NR-U channel load metrics for MLB purposes. The following proposals were made:
Proposal 1: Add a Radio Resource Status per NR-U Channel IE as new NR-U load metrics in XnAP RESOURCE STATUS UPDATE message.
Proposal 2: Add a Radio Resource Status per NR-U Channel IE as new NR-U load metrics in F1AP RESOURCE STATUS UPDATE message.
Appendix A – TP for XnAP

[bookmark: _Hlk44419231][bookmark: _Toc44497545][bookmark: _Toc45107933][bookmark: _Toc45901553][bookmark: _Toc51850632][bookmark: _Toc56693635][bookmark: _Toc64447178][bookmark: _Toc66286672][bookmark: _Toc74151367][bookmark: _Toc88653839][bookmark: _Toc97904195][bookmark: _Toc98868268]-----------------------------------------------  Start of XnAP Changes ------------------------------------------------------
[bookmark: _Toc105174553][bookmark: _Toc106109390]9.1.3.21	RESOURCE STATUS UPDATE
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
	
	9.2.2.50
	
	–
	

	>>TNL Capacity Indicator
	O
	
	9.2.2.49
	
	–
	

	>>Composite Available Capacity Group
	O
	
	9.2.2.51
	
	–
	

	>>Slice Available Capacity
	O
	
	9.2.2.55
	
	–
	

	>>Number of Active UEs 
	O
	
	9.2.2.62
	
	–-
	

	>>RRC Connections
	O
	
	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 NR-U Channel of the serving cell. Value 100 corresponds to the duration between consecutive reporting.

	–
	

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

	>>>>Channel Occupancy Time Percentage UL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for UL traffic served by the corresponding NR-U Channel of the serving cell for UEs that transmit to the serving cell. Value 100 corresponds to the duration between consecutive reporting.

	–
	

	>>>>Energy Detection Threshold UL
	M
	
	INTEGER (-100..-50,…)
	Average ED Threshold used for UL channel sensing as available at the gNB. Value is in dBm. 
	–
	

	>>>> Radio Resource Status per NR-U Channel
	O
	
	9.2.2.50
	Radio Resource Status per NR-U Channel. 

	
	



Editor’s note: FFS on whether the values for Channel Occupancy Time Percentage UL and the Energy Detection Threshold UL in RESOURCE STATUS UPDATE can be obtained by the gNB in an implementation specific way and/or based on Channel Occupancy Time Percentage UL and Energy Detection Theshold UL provided by the UEs.

	Range bound
	Explanation

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

	maxnoofNR-UChannelIDs
	Maximum no. NR-U channel IDs in a cell. Value is 16. 







-----------------------------------------------  Next Change ---------------------------------------------------------
[bookmark: _Toc14207849][bookmark: _Toc44497638][bookmark: _Toc45108026][bookmark: _Toc45901646][bookmark: _Toc51850726][bookmark: _Toc56693729][bookmark: _Toc64447272][bookmark: _Toc66286766][bookmark: _Toc74151461][bookmark: _Toc88653934][bookmark: _Toc97904290][bookmark: _Toc98868377][bookmark: _Toc105174662][bookmark: _Toc106109499]9.2.2.50	Radio Resource Status
The Radio Resource Status IE indicates the usage of the PRBs per cell for MIMO, per SSB area in the cell, and per slice and per NR-U Channel for all traffic in Downlink and Uplink and the usage of PDCCH CCEs for Downlink and Uplink scheduling.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: _Hlk44423334][bookmark: _Toc14207857][bookmark: _Toc44497640][bookmark: _Toc45108028][bookmark: _Toc45901648][bookmark: _Toc51850728][bookmark: _Toc56693731][bookmark: _Toc64447274][bookmark: _Toc66286768][bookmark: _Toc74151463][bookmark: _Toc88653936][bookmark: _Toc97904292][bookmark: _Toc98868379]-----------------------------------------------  Start of XnAP ASN.1 Changes ---------------------------------------------
-- 9.3.5	Information Element definitions
(unchanged part skipped)
	id-Redcap-Bcast-Information,
	id-UESliceMaximumBitRateList,
	id-PositioningInformation,
	id-ServedCellSpecificInfoReq-NR,
	id-TAINSAGSupportList,
	id-earlyMeasurement,
	id-BeamMeasurementsReportConfiguration,
id-ChannelOccupancyTimePercentageUL,
 id-EnergyDetectionThresholdUL,
 id-RadioResourceStatusPerNR-U-Channel,
	maxEARFCN,
	maxnoofAllowedAreas,
	maxnoofAMFRegions,
	maxnoofAoIs,
	maxnoofBPLMNs,

-----------------------------------------------  Next ASN.1 Change -------------------------------------------------------
NR-U-Channel-List ::= SEQUENCE (SIZE (1..maxnoofNR-UChannelIDs)) OF NR-U-Channel-Item 

NR-U-Channel-Item ::= SEQUENCE {
	nR-U-ChannelID						NR-U-ChannelID,
	channelOccupancyTimePercentageDL	ChannelOccupancyTimePercentage,
	energyDetectionThresholdDL			EnergyDetectionThreshold,
	iE-Extension		ProtocolExtensionContainer { {NR-U-Channel-Item-ExtIEs} } 	OPTIONAL,
	...
}

NR-U-Channel-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
{ ID id-ChannelOccupancyTimePercentageUL	CRITICALITY ignore EXTENSION ChannelOccupancyTimePercentage PRESENCE mandatory}|
{ ID id-EnergyDetectionThresholdUL	CRITICALITY ignore EXTENSION EnergyDetectionThreshold PRESENCE mandatory}|

{ ID id-RadioResourceStatusPerNR-U-Channel	CRITICALITY ignore EXTENSION RadioResourceStatus PRESENCE optional},

	...
}

-----------------------------------------------  Next ASN.1 Change -------------------------------------------------------
[bookmark: _Toc20955410][bookmark: _Toc29991618][bookmark: _Toc36556021][bookmark: _Toc44497806][bookmark: _Toc45108193][bookmark: _Toc45901813][bookmark: _Toc51850894][bookmark: _Toc56693898][bookmark: _Toc64447442][bookmark: _Toc66286936][bookmark: _Toc74151634][bookmark: _Toc88654108][bookmark: _Toc97904464][bookmark: _Toc98868602][bookmark: _Toc105174888][bookmark: _Toc106109725]9.3.7	Constant definitions
(unchanged part skipped)
id-F1-terminatingIAB-donorIndicator																	ProtocolIE-ID ::= 363
id-TAINSAGSupportList																				ProtocolIE-ID ::= 364
id-SCGreconfigNotification																			ProtocolIE-ID ::= 365
id-earlyMeasurement																					ProtocolIE-ID ::= 366
id-BeamMeasurementsReportConfiguration																ProtocolIE-ID ::= 367
id-ChannelOccupancyTimePercentageUL				ProtocolIE-ID ::= xx1
id-EnergyDetectionThresholdUL					ProtocolIE-ID ::= xx2
id-RadioResourceStatusPerNR-U-Channel			ProtocolIE-ID ::= xx3

END
-- ASN1STOP

-----------------------------------------------  End of XnAP Changes -------------------------------------------------------
Appendix B – TP for F1AP


-----------------------------------------------  Start of F1AP Changes ---------------------------------------------
[bookmark: _Toc5691059][bookmark: _Toc45832351][bookmark: _Toc51763604][bookmark: _Toc64448770][bookmark: _Toc66289429][bookmark: _Toc74154542][bookmark: _Toc81383286][bookmark: _Toc88657919][bookmark: _Toc97910831][bookmark: _Toc99038551][bookmark: _Toc99730814][bookmark: _Toc105510943][bookmark: _Toc105927475][bookmark: _Toc106110015][bookmark: _Toc113835452]9.2.1.23	RESOURCE STATUS UPDATE
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

	Hardware Load Indicator 
	O
	
	9.3.1.136
	
	YES
	ignore

	TNL Capacity Indicator
	O
	
	9.3.1.128
	
	YES
	ignore

	Cell Measurement Result
	
	0..1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. <maxCellingNBDU >
	
	
	-
	

	>>Cell ID
	M
	
	NR CGI
9.3.1.12
	
	-
	

	>>Radio Resource Status 
	O
	
	9.3.1.129
	
	-
	

	>>Composite Available Capacity Group
	O
	
	9.3.1.130
	
	-
	

	>>Slice Available Capacity 
	O
	
	9.3.1.134
	
	-
	

	>>Number of Active UEs 
	O
	
	 9.3.1.135
	
	-
	

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

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

	>>>>NR-U Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannelIDs, …)
	Identifies a portion of the NR-U Channel Bandwidth on which channel access procedure in shared spectrum has been performed 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 NR-U Channel of the serving cell. Value 100 corresponds to the duration between consecutive reporting.

	-
	

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

	>>>> Radio Resource Status per NR-U Channel
	O
	
	9.3.1.129
	Radio Resource Status per NR-U Channel. 

	
	



	Range bound
	Explanation

	maxCellingNBDU
	Maximum no. cells that can be served by a gNB-DU. Value is 512.

	maxnoofNR-UChannelIDs
	Maximum no. NR-U Channel IDs in a cell. Value is 16.




-----------------------------------------------  Next F1AP Change ---------------------------------------------

[bookmark: _Toc45832537][bookmark: _Toc51763817][bookmark: _Toc64448987][bookmark: _Toc66289646][bookmark: _Toc74154759][bookmark: _Toc81383503][bookmark: _Toc88658136][bookmark: _Toc97911048][bookmark: _Toc99038808][bookmark: _Toc99731071][bookmark: _Toc105511202][bookmark: _Toc105927734][bookmark: _Toc106110274][bookmark: _Toc113835711]9.3.1.129	Radio Resource Status
The Radio Resource Status IE indicates the usage of the PRBs per cell for MIMO, per SSB area in the cell, and per slice and per NR-U Channel for all traffic in Downlink and Uplink and the usage of PDCCH CCEs for Downlink and Uplink scheduling.

-----------------------------------------------  Start of F1AP ASN.1 Changes ---------------------------------------------
[bookmark: _Toc20956003][bookmark: _Toc29893129][bookmark: _Toc36557066][bookmark: _Toc45832586][bookmark: _Toc51763908][bookmark: _Toc64449080][bookmark: _Toc66289739][bookmark: _Toc74154852][bookmark: _Toc81383596][bookmark: _Toc88658230][bookmark: _Toc97911142][bookmark: _Toc99038966][bookmark: _Toc99731229][bookmark: _Toc105511364][bookmark: _Toc105927896][bookmark: _Toc106110436][bookmark: _Toc113835878]-- 9.4.5	Information Element Definitions

(skip unchanged)

	id-TRPRxTxTimingErrorMargin,
	id-Source-MRB-ID,
	id-RedCapIndication,
	id-UL-GapFR2-Config,	
 id-RadioResourceStatusPerNR-U-Channel,
	maxNRARFCN,
	maxnoofErrors,
	maxnoofBPLMNs,
	maxnoofBPLMNsNR,

-----------------------------------------------  Next ASN.1 Change -------------------------------------------------------

NR-U-Channel-List ::= SEQUENCE (SIZE (1..maxnoofNR-UChannelIDs)) OF NR-U-Channel-Item 

NR-U-Channel-Item ::= SEQUENCE {
	nR-U-ChannelID						INTEGER(1..maxnoofNR-UChannelIDs),
	channelOccupancyTimePercentageDL		ChannelOccupancyTimePercentage, 
	energyDetectionThreshold				EnergyDetectionThreshold, 
	iE-Extensions			ProtocolExtensionContainer { { NR-U-Channel-Item-ExtIEs} } OPTIONAL,
	...
}

NR-U-Channel-Item-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {
{ ID id-RadioResourceStatusPerNR-U-Channel	CRITICALITY ignore EXTENSION RadioResourceStatus PRESENCE optional},

	...
}


-----------------------------------------------  Next ASN.1 Change -------------------------------------------------------
[bookmark: _Toc20956005][bookmark: _Toc29893131][bookmark: _Toc36557068][bookmark: _Toc45832588][bookmark: _Toc51763910][bookmark: _Toc64449082][bookmark: _Toc66289741][bookmark: _Toc74154854][bookmark: _Toc81383598][bookmark: _Toc88658232][bookmark: _Toc97911144][bookmark: _Toc99038968][bookmark: _Toc99731231][bookmark: _Toc105511366][bookmark: _Toc105927898][bookmark: _Toc106110438][bookmark: _Toc113835880]-- 9.4.7	Constant Definitions

(skip unchanged)

id-SRSPosRRCInactiveConfig							ProtocolIE-ID ::= 674
id-SDTBearerConfigurationQueryIndication			ProtocolIE-ID ::= 675
id-SDTBearerConfigurationInfo						ProtocolIE-ID ::= 676
id-UL-GapFR2-Config									ProtocolIE-ID ::= 677
id-RadioResourceStatusPerNR-U-Channel				ProtocolIE-ID ::= xx1


END
-- ASN1STOP 


-----------------------------------------------  End of F1AP Changes -------------------------------------------------------
