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1. Introduction
In this paper we continue the discussion on additional NR-U metrics per NR-U Channel (Radio Resource Status and CAC), listed among the topics to be continued at RAN3#116-e:
Discussion to be continued for NR-U on: 

- Radio Resource Status per NR-U Channel, 
- CAC per NR-U Channel,


2. Radio Resource Status and CAC per NR-U Channel
RAN3 has agreed to exchange the following NR-U load metrics over Xn:
· Channel Occupancy Time Percentage in DL 
· Energy Detection Threshold in DL

The above load metrics are signalled per-NR-U Channel, and in the RESOURCE STATUS UPDATE they will be together with per-cell metrics (e.g., CAC and Radio Resource Status). There can be cases where the latter information on CAC and Radio Resource Status is not sufficient for the requesting node to take the proper load balancing decision, an example is described below.
Node 3 receives load metrics for an Unlicensed Cell A served by Node 1, and for an Unlicensed Cell B served by Node 2. There are 2 NR-U Channels per cell, NR-U Channel 1 & 2 in Cell A, NR-U Channel 3 & 4 in Cell B.
For Cell A:
· CAC is 50%
· For NR-U Channel 1:
· COT percentage is high (90%)
· CAC (not reported) is low (10%)
· For NR-U Channel 2:
· COT percentage is low (10%)
· CAC (not reported) is high (90%)
For Cell B:
· CAC is 50%
· For NR-U Channel 3:
· COT percentage is medium (50%)
· CAC (not reported) is medium (50%)
· For NR-U Channel 4:
· COT percentage is medium (30%)
· CAC (not reported) is medium (50%)
All NR-U Channels report the same (low) EDT
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During the LBT process preceding a DL transmission, if the detected power of one NR-U Channel is lower than EDT for DL, the channel is considered good for transmission. So, in principle, if EDT in DL is low and COT percentage in DL is high (e.g. as for NR-U Channel 1), it means that when a transmission was attempted, the LBT process was successful most of the times. Given that the EDT for DL is low, it also means that the channel, when available, is not subject to high interference. 
In the example above, Node 3 should select Cell A for offloading UEs because in Cell A there is an NR-U channel that is nearly empty. However, the CAC for NR-U channel 2 in Cell A is not reported and because of that Node 3 may choose Cell B for offloading, which is a less desirable target.

If the Radio resource Status per NR-U Channel and the CAC per NR-U Channel are reported, the receiving node can understand what the available capacity in each NR-U channel is and take more appropriate load balancing decisions. Therefore, we propose to add the Radio Resource Status per NR-U Channel and the CAC per NR-U Channel in XnAP RESOURCE STATUS UPDATE message.

Proposal 1: Add the following NR-U load metrics in XnAP RESOURCE STATUS UPDATE message:
- Radio Resource Status per NR-U Channel
- Composite Available Capacity Group per NR-U Channel
The proposed CR for XnAP reflecting the proposals above is found in appendix A.
Conclusion
This paper focused on new NR-U load metrics:
Proposal 1: Add the following NR-U load metrics in XnAP RESOURCE STATUS UPDATE message:
- Radio Resource Status per NR-U Channel
- Composite Available Capacity Group per NR-U Channel
Appendix A – CR for XnAP
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[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 oOccupancy tTime pPercentage 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. 
	–
	

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

	
	

	>>>> Composite Available Capacity Group for NR-U
	O
	
	9.2.2.51
	Composite Available Capacity Group per NR-U Channel. 

	
	





-----------------------------------------------  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.

-----------------------------------------------  Next Change ---------------------------------------------------------
[bookmark: _Toc105174663][bookmark: _Toc106109500]9.2.2.51	Composite Available Capacity Group
The Composite Available Capacity Group IE indicates the overall available resource level per cell, and per SSB area in the cell and per NR-U Channel in the cell, in Downlink, Uplink and Supplementary Uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Composite Available Capacity Downlink
	M
	
	Composite Available Capacity 
9.2.2.52
	For the Downlink
	–
	

	Composite Available Capacity Uplink
	M
	
	Composite Available Capacity 
9.2.2.52
	For the Uplink, including both NUL and SUL (if available)
	–
	

	Composite Available Capacity Supplementary Uplink
	O
	
	Composite Available Capacity 
9.2.2.52
	For the SUL 
	YES
	ignore




[bookmark: _Toc105174664][bookmark: _Toc106109501][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]9.2.2.52	Composite Available Capacity
The Composite Available Capacity IE indicates the overall available resource level in the cell in either Downlink or Uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Cell Capacity Class Value
	O
	
	9.2.2.53
	

	Capacity Value 
	M
	
	9.2.2.54
	‘0’ indicates no resource is available, Measured on a linear scale.



[bookmark: _Toc105174665][bookmark: _Toc106109502]9.2.2.53	Cell Capacity Class Value
The Cell Capacity Class Value IE indicates the value that classifies the cell capacity with regards to the other cells. The Cell Capacity Class Value IE only indicates resources that are configured for traffic purposes.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Capacity Class Value
	M
	
	INTEGER (1..100,...)
	Value 1 indicates the minimum cell capacity, and 100 indicates the maximum cell capacity. There should be a linear relation between cell capacity and Cell Capacity Class Value.



[bookmark: _Toc105174666][bookmark: _Toc106109503]9.2.2.54	Capacity Value
The Capacity Value IE indicates the amount of resources per cell, and per SSB area and per NR-U Channel that are available relative to the total NG-RAN resources. The capacity value should be measured and reported so that the minimum NG-RAN resource usage of existing services is reserved according to implementation. The Capacity Value IE can be weighted according to the ratio of cell capacity class values, if available.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 indicates no available capacity, and 100 indicates maximum available capacity with respect to the whole cell. Capacity Value should be measured on a linear scale.

	SSB Area Capacity Value List
	
	0..1
	
	

	>SSB Area Capacity Value Item
	
	1..<maxnoofSSBAreas>
	
	

	>>SSB Index
	M
	
	INTEGER (0..63)
	

	>>SSB Area Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 indicates no available capacity, and 100 indicates maximum available capacity . SSB Area Capacity Value should be measured on a linear scale.



	Range bound
	Explanation

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














-----------------------------------------------  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-RadioResourceStatusNR-U,
 id-CompositeAvailableCapacityGroupNR-U,
	maxEARFCN,
	maxnoofAllowedAreas,
	maxnoofAMFRegions,
	maxnoofAoIs,
	maxnoofBPLMNs,


-----------------------------------------------  Next XnAP 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-RadioResourceStatusNR-U	CRITICALITY ignore EXTENSION RadioResourceStatus PRESENCE optional}|
{ ID id-CompositeAvailableCapacityGroupNR-U	CRITICALITY ignore EXTENSION CompositeAvailableCapacityGroup PRESENCE optional},

	...
}

-----------------------------------------------  Next XnAP Change -------------------------------------------------------

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-RadioResourceStatusNR-U						ProtocolIE-ID ::= xx1
id-CompositeAvailableCapacityGroupNR-U			ProtocolIE-ID ::= xx2


END
-- ASN1STOP


-----------------------------------------------  End of XnAP Changes -------------------------------------------------------
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