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Introduction
[bookmark: _Ref178064866]During RAN3-113e a discussion on NR-U was carried out. The agreements below were taken:
Agree to the introduction of the following metrics to the Resource Status Indication and Resource Status Reporting procedures over Xn:
-	To report, as part of load information for cells supporting NR-U, information about the time when the cell resources of the NR-U cell were accessible, i.e. when access to such resources by means of LBT was successful
-	During the time when NR-U resources are accessible, to report load metrics currently in the Xn: Resource Status Update 
-	To report such load metrics on a per cell and per NR-U channel (20MHz) granularity
Details on the metrics definition is FFS
Agree that the metrics above are collected at RAN level and have no UE impact
 
It is agreed that RAN3 analyses the applicability of the current MRO solution to NR-U. 
· Shortfalls in the MRO solution with respect to NR-U deployments should be identified (if any)
· Solutions (if any) should be described and possibly agreed
· Once the use case and needed solutions are identified, RAN3 should involve RAN2 for further progress and convergence 
It is agreed that HO failure cases are prioritized when analysing whether MRO needs improvements for NR-U deployments
To be continued…

At RAN3-114e further agreements and conclusions were derived, as reported below:
[bookmark: _Hlk89266611]Regard the data structure in R3-216178 as the starting point.
MRO support for NR-U requires the UE to provide new information pending to RAN2 progress in R17.
Enhancements to support NR-U to resolve HOF cases should be prioritised.
Furthermore, the LS in R3-216042 has been agreed during RAN3-114e to RAN1 and RAN2, where RAN3 asked the following questions:

Q1: How should an NR-U channel be represented? 
Q2:  According to current specifications, is an NG-RAN node supposed to sense the NR-U channel even when no data needs to be transmitted or is channel sensing performed only when the NG-RAN node needs to exchange traffic over the NR-U channel?
Q3: How is the ED threshold configured in RAN node?
Q4: What is the ED threshold granularity (per channel, per cell, per UE…)?

At RAN3-114e the following was captured as points to be continued:

Whether information on other types of Channel Occupancy time percentages is included, e.g. Channel Occupancy time percentage for other NG-RAN nodes and their served UEs, is FFS
Discussions should focus on whether an NG-RAN node is assumed to measure what 3GPP mandated as essential or whether an NG-RAN node is assumed to measure more than that
Signalling of metrics representing Un-successful LBT events, LBT Backoff Time, LBT Sensing Duration is FFS
Signalling the ED threshold is FFS. The following should be clarified and questions may be added in an LS to RAN1 and RAN2:
How is the ED threshold configured
What is the ED threshold granularity (per channel, per cell, per UE…) 
It is FFS whether UE measurements would be needed to support MLB for NR-U and how NR-U channel occupancy and resource utilization in UL can be achieved
It is FFS how the UE should report information concerning LBT failure events
To be continued...

In this paper we identify the areas on which RAN3 can continue working and converge without dependencies with other WGs. For these areas ways forward are proposed with the aim of finalising at least some parts of the SON for NR-U solution within Rel17.
Discussion
We should probably assume that RAN2 involvement and progress in the SON for NR-U discussions will be limited if not null within Rel17. 
For this reason, and in light of the fact that Rel17 is closing to an end, RAN3 should focus on those areas of SON for NR-U where changes in the RAN2 specifications are not needed.
When looking at the agreements and open points captured at the last RAN3 meeting, two of them clearly indicate the need of RAN2 involvement and specifications impacts:
MRO support for NR-U requires the UE to provide new information pending to RAN2 progress in R17.
It is FFS whether UE measurements would be needed to support MLB for NR-U and how NR-U channel occupancy and resource utilization in UL can be achieved
It is FFS how the UE should report information concerning LBT failure events

The first agreement above confirms that MRO support for NR-U requires new UE measurements.
The two open points above are related to UL statistics for MLB. Namely, in order to tackle the problem of Resource Status reporting for NR-U in UL there are a number of FFSs that involve the UE and that may require UE measurements.
In light of such dependencies with RAN2 on MRO and MLB, the following is proposed.
Proposal 1: Given the lack of time in RAN2 to converge on needed specification changes, it is proposed to stop discussions in Rel17 on MRO for NR-U and on UL Resource Status statistics for MLB and it is proposed to focus discussions on DL Resource Status statistics for MLB, which require RAN3 specification updates only.
NR-U support in DL MLB
As we can see in the agreements above, the way forward is to endorse the data structure below:
	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
	
	
	
	

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

	>>>>Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannels, …)
	The NR-U channel utilised in the last reporting period [FFS how an NR-U channel can be defined]
	
	

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



In the above structure, the period for the Resource Status Update messages can be taken as a reference for the calculation of the Channel Occupancy Time Percentage.
Whether channel occupancy time can be reported also for traffic generated by neighbour cells, remains subject to the reply from RAN1 and RAN2 to the LS in R3-216042. Therefore, it is proposed to agree for the time being to the endorsement of the structure above including the Channel Occupancy Time Percentage for traffic generated by the cell for which Resource Status is reported.

Proposal 2: It is proposed to endorse the data structure in R3-216178 as baseline for the Status Reporting Update message over F1AP and XnAP and to leave as FFS the reporting of channel occupancy time percentage for neighbour cells

The main objective of MLB signalling procedures is to signal from a RAN node 1 to a neighbour RAN node 2 information that allows RAN node 2 to judge how well a cell in RAN node 1 can take up some offloaded UE traffic.
In order to achieve this the following information are beneficial to be signalled:

a) The number of successful and unsuccessful LBT checks, which led to successful or unsuccessful traffic transmission. This information could be provided as a percentage, e.g. 
[(Number of Successful LBT) * 100]/(Total Number of LBT)	
Together with the LBT sensing duration this information allows a RAN node to understand for how long the channel was sensed and it was found to be available/unavailable.	
	
	
b) The LBT sensing duration, namely the amount of time during which the RAN has sensed the channel to determine that it is available or occupied. This parameter is useful because it represents the only time during which the RAN have been measuring the NR-U channel. For example, if the LBT backoff time is of 100 ms, but the sensing time is of 2 ms, an LBT failure means that the RAN node sensed the channel for 2 ms, determined that the channel is not accessible and started a backoff timer for the next LBT check. Nothing precludes that the channel was available for the 98 ms after the sensing duration.


c) The energy detection threshold used in the LBT procedures. This information constitutes the RSSI threshold below which a channel is considered available. It is useful for a RAN node to know the LBT threshold of a neighbour node because it gives an estimate of the quality of NR-U resources at the target cell. A very high threshold, for example, means that even when the channel is available there could be high interference

For the information above the ED threshold has been discussed at the last RAN3 meeting. RAN3 is waiting for a reply form RAN1 and RAN2 about the granularity of the ED threshold (per UE, per cell…). It is therefore proposed to mark the ED threshold as FFS until inputs from RAN1 and RAN2 are received.
Taking the information above into account, the following structure for Resource Status Update message over the F1 or Xn interface can be deduced.
	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
	
	
	
	

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

	>>>>NR-U Channel
	M
	
	FFS
	The NR-U channel utilised in the last reporting period [FFS how an NR-U channel can be defined]
	
	

	>>>>Channel occupancy time percentage
	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
	
	

	>>>> Successful LBT Period
	M
	
	INTEGER (0..100)
	Percentage of time that LBT processes returned a free channel for DL
	
	

	>>>>Percentage of Successful LBT
	M
	
	INTEGER (0..100)
	Calculated as Total Number of Successful LBT over total Number of LTB multipied by 100
	
	

	>>>>LBT Duration
	M
	
	INTEGER (0..100,…)
	The percentence of time during which LBT procedure is carried out in DL
	
	

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



With the above proposed solution, a RAN node receiving the information listed is able to understand, on a per neighbour cell basis:
· The time during which an NR-U channel was used for data transmission
· The amount of resources utilised and the CAC during the time when the channel was in use
· The amount of time during which the channel was not available, which is equal or higher than the number of Failed LBT multiplied by the sensing time
· The number of LBTs that succeeded vs the number of LBT that failed. This is a good metric to derive channel availability
· The maximum level of interference that could be experienced at the concerned cell during channel occupancy

Proposal 3: Agree to the data structure above, reflected in the TP to 38.473 and the TP to 38.423
Conclusion
This paper focused on the support of MLB for NR-U for DL resource status information. The following proposals were derived:

Proposal 1: Given the lack of time in RAN2 to converge on needed specification changes, it is proposed to stop discussions in Rel17 on MRO for NR-U and on UL Resource Status statistics for MLB for NR-U and it is proposed to focus discussions on DL Resource Status statistics for MLB for NR-U, which require RAN3 specification updates only.
Proposal 2: It is proposed to endorse the data structure in R3-216178 as baseline for the Status Reporting Update message over F1AP and XnAP and to leave as FFS the reporting of channel occupancy time percentage for neighbour cells
Proposal 3: Agree to the data structure above, reflected in the TP to 38.473 and the TP to 38.423
TPs reflecting the proposals above can be found below. 

Appendix A - TP to TS38.423
[bookmark: _Toc64447099][bookmark: _Toc66286593][bookmark: _Toc81321896]============ First Change ==============

[bookmark: _Toc44497466][bookmark: _Toc45107854][bookmark: _Toc45901474][bookmark: _Toc51850553][bookmark: _Toc56693556][bookmark: _Toc74151288][bookmark: _Toc88653760]8.4.10.2	Successful Operation

Figure 8.4.10.2-1: Resource Status Reporting Initiation, successful operation
NG-RAN node1 initiates the procedure by sending the RESOURCE STATUS REQUEST message to NG-RAN node2 to start a measurement, stop a measurement or add cells to report for a measurement. Upon receipt, NG-RAN node2:
-	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 cells measurements and terminate the reporting in case the Registration Request IE is set to "stop"; or
-	shall add cells indicated in the Cell To Report List IE to the measurements initiated before for the given measurement IDs, in case the Registration Request IE is set to "add". If measurements are already initiated for a cell indicated in the Cell To Report List IE, this information shall be ignored.
If the Registration Request IE is set to "start" in the RESOURCE STATUS REQUEST message and the Report Characteristics IE indicates cell specific measurements, the Cell To Report List IE shall be included.
If Registration Request IE is set to "add" in the RESOURCE STATUS REQUEST message, the Cell To Report List IE shall be included.
If NG-RAN node2 is capable to provide all requested resource status information, it shall initiate the measurement as requested by NG-RAN node1 and respond with the RESOURCE STATUS RESPONSE message.
Interaction with other procedures
When starting a measurement, the Report Characteristics IE in the RESOURCE STATUS REQUEST indicates the type of objects NG-RAN node2 shall perform measurements on. For each cell, NG-RAN node2 shall include in the RESOURCE STATUS UPDATE message:
-	the Radio Resource Status IE, if the first bit, "PRB Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". If NG-RAN node2 is a gNB and if the cell for which Radio Resource Status IE is requested to be reported supports more than one SSB, the Radio Resource Status IE for such cell shall include the SSB Area Radio Resource Status Item IE for all SSB areas supported by the cell. If the SSB To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall include the requested SSB Area Radio Resource Status List IE; If the cell for which Radio Resource Status IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall, if supported, include the requested Slice Radio Resource Status Item IE; 
-	the TNL Capacity Indicator IE, if the second bit, "TNL Capacity Ind Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". The received TNL Capacity Indicator IE represents the lowest TNL capacity available for the cell, only taking into account interfaces providing user plane transport.
--	the Composite Available Capacity Group IE, if the third bit, "Composite Available Capacity Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1". If the Cell Capacity Class Value IE is included within the Composite Available Capacity Group IE, this IE is used to assign weights to the available capacity indicated in the Capacity Value IE. If NG-RAN node2 is a gNB and if the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one SSB, the Composite Available Capacity Group IE for such cell shall include the SSB Area Capacity Value List for all SSB areas supported by the cell, providing the SSB area capacity with respect to the Cell Capacity Class Value. If the SSB To Report List IE is included for a cell, the Composite Available Capacity Group IE for such cell shall include the requested SSB Area Capacity Value List IE.
If the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Slice Available Capacity IE for such cell shall include the requested Slice Available Capacity Value Downlink IE and Slice Available Capacity Value Uplink IE, providing the slice capacity with respect to the Cell Capacity Class Value.
- 	the Number of Active UEs IE, if the fourth bit, "Number of Active UEs" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1";
-	the RRC Connections IE, if the fifth bit, "RRC Connections" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1".
- 	the NR-U Channel List IE, if the sixth bit, " NR-U Channel List" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1".

If the Reporting Periodicity IE in the RESOURCE STATUS REQUEST is present, this indicates the periodicity for the reporting of periodic measurements. the NG-RAN node2 shall report only once, unless otherwise requested within the Reporting Periodicity IE.


============ Next Change ==============

[bookmark: _Toc88653836]9.1.3.18	RESOURCE STATUS REQUEST
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. . 
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
	
	9.3.1.14
	Broadcast PLMN
	–
	

	>>>>S-NSSAI List 
	
	1
	
	
	–
	

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

	>>>>>>S-NSSAI
	M
	
	S-NSSAI
9.3.1.38
	
	–
	

	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.




[bookmark: _Toc88653837]9.1.3.19	RESOURCE STATUS RESPONSE
This message is sent by NG-RAN node2 to NG-RAN node1 to indicate that the requested measurement, for all of the measurement objects included in the measurement is successfully initiated.
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
	reject

	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

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore




[bookmark: _Toc88653838]9.1.3.20	RESOURCE STATUS FAILURE
This message is sent by the NG-RAN node2 to NG-RAN node1 to indicate that for any of the requested measurement objects the measurement cannot be initiated.
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
	reject

	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

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore





[bookmark: _Toc88653839]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
	
	
	
	

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

	>>>>NR-U Channel
	M
	
	FFS
	The NR-U channel utilised in the last reporting period [FFS how an NR-U channel can be defined]
	
	

	>>>>Channel occupancy time percentage
	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
	
	

	>>>> Successful LBT Period
	M
	
	INTEGER (0..100)
	Percentage of time that LBT processes returned a free channel for DL
	
	

	>>>>Percentage of Successful LBT
	M
	
	INTEGER (0..100)
	Calculated as Total Number of Successful LBT over total Number of LTB multipied by 100
	
	

	>>>>LBT Duration
	M
	
	INTEGER (0..100,…)
	The percentence of time during which LBT procedure is carried out in DL
	
	

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



	Range bound
	Explanation

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





============ End of XNAP Changes except ASN.1  ==============






============ Start of XNAP ASN.1 Changes ==============


-- 9.3.5	Information Element Definition

id-NR-U-Channel-List,
maxnoofNR-UChannels,

FROM XnAP-Constants

============ Next XNAP ASN.1 Change ==============


CellMeasurementResult-Item	::= SEQUENCE {
cell-ID	GlobalNG-RANCell-ID,
radioResourceStatus	RadioResourceStatus              OPTIONAL,
tNLCapacityIndicator	TNLCapacityIndicator          	 OPTIONAL,
compositeAvailableCapacityGroup  	CompositeAvailableCapacityGroup  OPTIONAL,
sliceAvailableCapacity          	SliceAvailableCapacity           OPTIONAL, 
numberofActiveUEs                	NumberofActiveUEs                OPTIONAL,
rRCConnections                   	RRCConnections                   OPTIONAL,
iE-Extensions	ProtocolExtensionContainer { { CellMeasurementResult-Item-ExtIEs} }	OPTIONAL,
...
}

CellMeasurementResult-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
{ ID id-NR-U-Channel-List	CRITICALITY ignore	EXTENSION NR-U-Channel-List PRESENCE optional },
...
}

NR-U-Channel-List ::= SEQUENCE (SIZE (1..maxnoofNR-UChannels)) OF NR-U-Channel-Item 
NR-U-Channel-Item ::= SEQUENCE {
	nR-U-Channel	FFS,
	channelOccupancyTimePercentage	INTEGER (0.. 100, ...),
successfulLBTPeriod		INTEGER (0.. 100, ...),
percentageofSuccessfulLBT	INTEGER (0.. 100, ...),
lBTDuration		INTEGER (0.. 100, ...),
energyDetectionThreshold	INTEGER (-100..-50, ...),
	...
}


============ Next XNAP ASN.1 Change ==============
-- 9.3.7	Constant definitions

maxnoofNonAnchorCarrierFreqConfig	INTEGER ::= 15
maxnoofDataForwardingTunneltoE-UTRAN    	INTEGER ::= 256
maxnoofSuccessfulHOReports		INTEGER ::= 64 
maxnoofPSCellsPerSN 			INTEGER ::= FFS
maxnoofNR-UChannels			INTEGER ::= FFS

============ Next XNAP ASN.1 Change ==============


id-dataForwardingInfoFromTargetE-UTRANnode			ProtocolIE-ID ::= 252
id-SuccessfulHOReportInformation				ProtocolIE-ID ::= yy1
id-SliceRadioResourceStatus-List				ProtocolIE-ID ::= yy2
id-CompositeAvailableCapacitySupplementaryUplink		ProtocolIE-ID ::= yy3
id-SCGUEHistoryInformation				ProtocolIE-ID ::= yy4
id-NR-U-Channel-List					ProtocolIE-ID ::= xx1



============ End of XNAP ASN.1 Changes ==============


Appendix B - TP to TS38.473
[bookmark: _Toc45832179][bookmark: _Toc51763359][bookmark: _Toc64448522][bookmark: _Toc66289181]
============ First Change ==============
8.2.10	Resource Status Reporting Initiation
[bookmark: _Toc5690849][bookmark: _Toc45832180][bookmark: _Toc51763360][bookmark: _Toc64448523][bookmark: _Toc66289182]8.2.10.1	General
This procedure is used by an gNB-CU to request the reporting of load measurements to gNB-DU.
The procedure uses non UE-associated signalling.
8.2.10.2	Successful Operation


Figure 8.2.10.2-1: Resource Status Reporting Initiation, successful operation
gNB-CU initiates the procedure by sending the RESOURCE STATUS REQUEST message to gNB-DU to start a measurement, stop a measurement, or add cells to report for 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 cells measurements and terminate the reporting in case the Registration Request IE is set to "stop"; or
-	shall add cells indicated in the Cell To Report List IE to the measurements initiated before for the given measurement IDs, in case the Registration Request IE is set to "add". If measurements are already initiated for a cell indicated in the Cell To Report List IE, this information shall be ignored.
If the Registration Request IE is set to "start" in the RESOURCE STATUS REQUEST message and the Report Characteristics IE indicates cell specific measurements, the Cell To Report List IE shall be included. 
If Registration Request IE is set to "add" in the RESOURCE STATUS REQUEST message, the Cell To Report List IE shall be included.
If gNB-DU is capable to provide all requested resource status information, it shall initiate the measurement as requested by gNB-CU, and respond with the RESOURCE STATUS RESPONSE message.
Interaction with other procedures
When starting a measurement, the Report Characteristics IE in the RESOURCE STATUS REQUEST indicates the type of objects gNB-DU shall perform measurements on. For each cell, gNB-DU shall include in the RESOURCE STATUS UPDATE message:
[bookmark: _Hlk20925064][bookmark: _Hlk20990721]-	the Radio Resource Status IE, if the first bit, "PRB Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1. If the cell for which Radio Resource Status IE is requested to be reported supports more than one SSB, the Radio Resource Status IE for such cell shall include the SSB Area Radio Resource Status Item IE for all SSB areas supported by the cell. If the SSB To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall only include the SSB Area Radio Resource Status List IE; If the cell for which Radio Resource Status IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Radio Resource Status IE for such cell shall, if supported, include the requested Slice Radio Resource Status Item IE;

-	the TNL Capacity Indicator IE, if the second bit, "TNL Capacity Ind Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
[bookmark: _Hlk20990790]-	the Composite Available Capacity Group IE, if the third bit, "Composite Available Capacity Periodic" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1. If Cell Capacity Class Value IE is included within the Composite Available Capacity Group IE, this IE is used to assign weights to the available capacity indicated in the Capacity Value IE. If the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one SSB the Composite Available Capacity Group IE for such cell shall include the SSB Area Capacity Value List IE for all SSB areas supported by the cell, providing the SSB area capacity with respect to the Cell Capacity Class Value IE. If the SSB To Report List IE is included for a cell, the Composite Available Capacity Group IE for such cell shall include the requested SSB Area Capacity Value List IE providing the SSB area capacity with respect to the Cell Capacity Class Value. If the cell for which Composite Available Capacity Group IE is requested to be reported supports more than one slice, and if the Slice To Report List IE is included for a cell, the Slice Available Capacity IE for such cell shall include the requested Slice Available Capacity Value Downlink IE and Slice Available Capacity Value Uplink IE, providing the slice capacity with respect to the Cell Capacity Class Value.
-	the Hardware Load Indicator IE, if the fourth bit, " HW LoadInd Periodic " of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
-	the Number of Active UEs IE, if the fifth bit, "Number of Active UEs" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1;
- 	the NR-U Channel List IE, if the sixth bit, " NR-U Channel List" of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to "1".
If the Reporting Periodicity IE in the RESOURCE STATUS 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.


============ Next Change ==============
[bookmark: _Toc88657916]9.2.1.20	RESOURCE STATUS REQUEST
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,
add, …)
	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 = PRB Periodic,
Second Bit = TNL Capacity Ind Periodic,
Third Bit = 
Composite Available Capacity Periodic, Fourth Bit = HW LoadInd Periodic, Fifth Bit = Number of Active UEs 
Sixth Bit = NR-U Channel List.  

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

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

	>Cell To Report Item
	
	1 .. <maxCellingNBDU>
	
	
	
	

	>>Cell ID
	M
	
	NR CGI
9.3.1.12
	
	-
	

	>>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..< maxnoofBPLMNsNR>
	
	
	
	

	>>>>PLMN Identity
	M
	
	9.3.1.14
	Broadcast PLMN
	
	

	>>>>S-NSSAI List 
	
	1
	
	
	-
	

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

	>>>>>>S-NSSAI
	M
	
	9.3.1.38
	
	-
	

	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

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

	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. 

	maxnoofBPLMNsNR
	Maximum no. of PLMN Ids.broadcast in a cell. Value is 12.



[bookmark: _Toc5691057][bookmark: _Toc45832349][bookmark: _Toc51763602][bookmark: _Toc64448768][bookmark: _Toc66289427][bookmark: _Toc74154540][bookmark: _Toc81383284][bookmark: _Toc88657917]9.2.1.21	RESOURCE STATUS RESPONSE
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



[bookmark: _Toc5691058][bookmark: _Toc45832350][bookmark: _Toc51763603][bookmark: _Toc64448769][bookmark: _Toc66289428][bookmark: _Toc74154541][bookmark: _Toc81383285][bookmark: _Toc88657918]9.2.1.22	RESOURCE STATUS FAILURE
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




[bookmark: _Toc5691059][bookmark: _Toc45832351][bookmark: _Toc51763604][bookmark: _Toc64448770][bookmark: _Toc66289429][bookmark: _Toc74154542][bookmark: _Toc81383286]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
	
	
	
	

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

	>>>>NR-U Channel
	M
	
	FFS
	The NR-U channel utilised in the last reporting period [FFS how an NR-U channel can be defined]
	
	

	>>>>Channel occupancy time percentage
	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
	
	

	>>>> Successful LBT Period
	M
	
	INTEGER (0..100)
	Percentage of time that LBT processes returned a free channel for DL
	
	

	>>>>Percentage of Successful LBT
	M
	
	INTEGER (0..100)
	Calculated as Total Number of Successful LBT over total Number of LTB multipied by 100
	
	

	>>>>LBT Duration
	M
	
	INTEGER (0..100,…)
	The percentence of time during which LBT procedure is carried out in DL
	
	

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





	Range bound
	Explanation

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



============ End of Changes except ASN.1 ==============



============ Start of F1AP ASN.1 Changes ==============

-- 9.4.5	Information Element Definition

maxnoofPRSresourceSets,
maxnoofPRSresources,
id-NR-U-Channel-List,
maxnoofNR-UChannels

FROM F1AP-Constants

============ Next F1AP ASN.1 Change ==============

CellMeasurementResultItem ::= SEQUENCE {
cellID			NRCGI,
	radioResourceStatus		RadioResourceStatus 	OPTIONAL, 
	compositeAvailableCapacityGroup	CompositeAvailableCapacityGroup	OPTIONAL,
	sliceAvailableCapacity		SliceAvailableCapacity 		OPTIONAL, 
	numberofActiveUEs 		NumberofActiveUEs		OPTIONAL, 
	iE-Extensions			ProtocolExtensionContainer { { CellMeasurementResultItem-ExtIEs} } OPTIONAL
}

CellMeasurementResultItem-ExtIEs 	F1AP-PROTOCOL-EXTENSION ::= {
{ ID id-NR-U-Channel-List	CRITICALITY ignore	EXTENSION NR-U-Channel-List PRESENCE optional },
...
}
NR-U-Channel-List ::= SEQUENCE (SIZE (1..maxnoofNR-UChannels)) OF NR-U-Channel-Item 
NR-U-Channel-Item ::= SEQUENCE {
	nR-U-Channel	FFS,
	channelOccupancyTimePercentage	INTEGER (0.. 100, ...),
successfulLBTPeriod		INTEGER (0.. 100, ...),
percentageofSuccessfulLBT	INTEGER (0.. 100, ...),
lBTDuration		INTEGER (0.. 100, ...),
energyDetectionThreshold	INTEGER (-100..-50, ...),
	...
}


============ Next F1AP ASN.1 Change ==============
-- 9.4.7	Constant definitions
maxnoofPRSresourceSets		INTEGER ::= 8
maxnoofPRSresources			INTEGER ::= 64
maxnoofNR-UChannels			INTEGER ::= FFS


============ Next F1AP ASN.1 Change ==============
id-TRPType					ProtocolIE-ID ::= 434
id-SRSSpatialRelationPerSRSResource			ProtocolIE-ID ::= 435
id-NR-U-Channel-List				ProtocolIE-ID ::= xx1

END
-- ASN1STOP

============ End of F1AP ASN.1 Changes ==============
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