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Introduction
0. The WI on Enhancement of Data Collection for SON/MDT in NR includes the topic of “10.5. SON/MDT Optimizations for NR-U”. 
0. The topic of NR-U is described as follows in the WID for the SON/MDT WI:
Depending on the progress of the work, the following objective may be discussed in the later part of the WI:
1. NR-U related SON/MDT optimization which aims to reuse e.g. the existing NR-U measurements [RAN3, RAN2]
1. At the last RAN3 meeting the topic was discussed and the following way forward was derived.
Following problems seem the most relevant for the SON for NR-U: load information from NR-U towards licensed NR and new failure events related to e.g. LBT or channel occupancy in the failure report. 
1. Resource coordination between licensed NR and NR-U and optimized resource utilization in NR-U is FFS (contribution driven).
1. In this paper more details are given on the topics deemed as most relevant and more justifications are given for the discussions on “Resource coordination between licensed NR and NR-U and optimized resource utilization in NR-U”.
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There is merit in investigating how Mobility Load Balancing can be applied to NR-U, given that NR-U is based on the use of unlicensed spectrum. 
In NR-U the use of Listen-before-talk (LBT) is made, to determine whether the unlicensed spectrum channel can be accessed. 
LBT is designed for unlicensed spectrum co-existence with other RATs. In this mechanism, a radio device applies a clear channel assessment (CCA) check (i.e. channel sensing) before any transmission. The transmitter involves energy detection (ED) over a time period compared to a certain threshold (ED threshold) in order to determine if a channel is idle.
LBT parameter settings (including ED) may be set for devices in a network by a network node configuring the devices in the network. The limits may be set as pre-defined rules or tables in specifications or regulatory requirements for operation in a certain region. Such limits are part of the ETSI harmonized standard in Europe as well as the 3GPP specification for operation of LTE/NR-U in unlicensed spectrum.
A device that wants to gain access to an NR-U channel needs to run the LBT process. If measurements on the channel determine that the power detected over the channel is higher than the configured thresholds, the channel is deemed accessible, otherwise the channel is deemed occupied and it cannot be access.
If load balancing mechanisms need to be used for NR-U, there would be a problem on how to interpret the currently standardized information. As an example of the problem that may occur, one can consider a cell where an NR-U channel is not usable due to LBT blockage. In this case, and according to the current standard, the resources belonging to this cell may be marked as utilized. The latter is misleading as it lets the node receiving this information believe that these resources are used due to a load served by the RAN node sending the load metrics. Instead, the resources are not used and the RAN node sending the load information is not serving the load that presumably occupies the resources. Indeed, the RAN node’s cell for which the load information is sent may be very lowly loaded.
Likewise, if the resources that are unavailable due to failure of the LBT process were marked as available, this would also be misleading because that would let the RAN node receiving the load information believe that there are unused resources in a potential target cell. This may trigger handovers towards that target cell, e.g. for load balancing purposes, while the resources presumably available there are not accessible due to persistent LBT failure.
It is therefore immediately clear that determining the resources available for a RAN node using NR-U needs to take into account channel availability. 
Currently standardized mobility and load balancing information lead to misinterpreting the available capacity of the cell when used in unlicensed operation
The channel availability is largely dependent on the LBT configuration. The optimal selection of the ED threshold is dependent on the deployment scenario (indoor, outdoor, etc.), the load situation, the existence of external uncontrolled interferer, and many other factors. The selection of ED thresholds by a device has a direct impact on the inter-cell interference and therefore, on the coexistence and achievable performance. An operator, controlling a certain set of cells within the same area, can configure the ED threshold for each device in a centralized or distributed manner in order to improve the coexistence between those devices. However, in unlicensed spectrum, existence of other inter-/intra technology devices operating on the same unlicensed spectrum cannot be ruled out. Currently there is no means of communication to figure out the LBT parameters (such as ED threshold) used by a neighboring node and therefore the coexistence and sharing is always suboptimal. The above calls for solutions on inter RAN node coordination of NR-U LBT configurations. 
For the purpose of understanding the reported available capacity information, and the channel conditions at neighboring cells, RAN nodes has to exchange information concerning the way a shared channel is deemed available or occupied.
Load information reporting for NR-U
When reporting RAN node load information for an unlicensed channel, the shared channel nature of the spectrum and factors concerning how resources are used when a channel is shared should be taken into account. The purpose here is to evaluate the amount of resources a neighbor node can access to and the load in terms of resources used out of those available. Also, the quality (i.e. cleanliness) of the resources available can be determined by any neighbor node.

For the purpose of mobility and load balancing, and to understand the actual capacity of a cell operating in unlicensed, it is beneficial to indicate the following information per channel basis to neighboring cells:
· Reporting the NR-U channels in operation at the reporting node/cell, for example the channels that have been in operation within a given time window.
· Reporting an indication per channel, over time, of when channel is available or unavailable due to LBT. For instance, the percentage of time of the reporting interval during which the channel resources were unavailable due to LBT failure, or probability of which channel is detected to be available. 
· Reporting what resource availability exists during the time share when the channel resources are available
The proposals above have the goal of achieving an understanding of the NR-U channel conditions at the node reporting the load information.
In order to turn the proposals above into practical signalling solutions, the following can be foreseen:
1) Include in the Served Cell Information, information about the NR-U channels configured for a given cell. This may be already supported by means of current standard
2) Enable a RAN node to request the reporting of load information for a cell using NR-U resources. For this the current standard offers already the Resource Status Reporting procedure, which allows a node to request load information reporting from another node. 
3) At the time of reporting load information, e.g. as part of the RESOURCE STATUS UPDATE, the reporting node should report:
a. The NR-U channel that has been in use and the time window for which the channel has been in use. In its simplest form, the node can report the NR-U channel that has been in use since the last RESOURCE STATUS UPDATE. This information allows the node receiving the load information to understand for what channel the NR-U load information is reported.
b. For the NR-U channels that have been in use in the time window indicated, the reporting node should indicate the percentage of time for which the channel resources have not been accessible. It would be useful to also report a cause for such unavailability, such as LBT failure
c. For the percentage of time that the channel has been accessible, the reporting node may report the load information currently reported as part of the RESOURCE STATUS UPDATE procedure.
Below is an example of how the Xn: RESOURCE STATUS UPDATE message may look once the enhancements above are adopted.
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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

	
	–
	

	>>NR-U Channel List
	
	[bookmark: OLE_LINK47]0..1
	
	
	
	

	[bookmark: OLE_LINK90]>>>NR-U Channel Item
	
	1..<maxnoofNR-UChannels>
	
	
	
	

	>>>>NR-U Channel
	M
	
	FFS
	The NR-U channel utilised in the last reporting period 
	
	

	>>>>Channel Availability
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been available, e.g. due to successful LBT
	
	

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

	>>TNL Capacity Indicator
	O
	
	[bookmark: _Hlk44419265]9.2.2.49
	
	–
	

	>>Composite Available Capacity Group
	O
	
	[bookmark: _Hlk44419275]9.2.2.51
	
	–
	

	>>Slice Available Capacity
	O
	
	[bookmark: _Hlk44419292]9.2.2.55
	
	–
	

	>>Number of Active UEs 
	O
	
	[bookmark: _Hlk44419307]9.2.2.62
	
	–-
	

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



When looking at the tabular above it can be appreciated that, once the NR-U channel in use and the time percentage during which the NR-U resources were available is known, the resource information reported (i.e. Radio Resource Status, Composite Available Capacity Group, Slice Available Capacity, etc) would indicate the resources used/available for the utilised channel and for the time the channel resources were available.

Proposal 1: It is proposed to take the tabular in Section 2.1 into account for enhancements of the RESOURCE STATUS UPDATE procedure indicating for which channel and for what amount of time the load information apply
It is also possible to limit the enhancements to the RESOURCE STATUS UPDATE procedure alone. In fact, the additional IEs shown in the tabular above may be reported by a RAN node when Resource Status Reporting is triggered towards a cell that supports NR-U resources, without the need to add any new information in the Resource Status Reporting procedures.
RAN node coordination of NR-U LBT configuration and channel Quality 
To align the understanding of the channel availability and experience information among different nodes, RAN nodes should exchange information concerning the way a shared channel is deemed available or occupied. For instance, the LBT configuration in a cell has an impact on the experienced load. For instance, a low ED threshold reduces the chances of accessing the medium and therefore might lead to high congestion quicker than a higher ED threshold. Therefore, it should be clear which LBT configuration is used when reporting certain load or channel information. Accordingly, it should be possible to achieve an understanding of the NR-U channel conditions at the node reporting the load information, not only in terms of understanding the resources available at the node/cell, but also in terms of deriving the quality of the radio environment when resources are accessible. 
Using the same example, if a RAN node is aware that all its neighbors are using a high ED, it could be deduced that the quality of the NR-U channel is relatively poor. That is because neighbouring nodes would transmit on the NR-U channel resources more easily and by that the chances of cross cell interference would increase.

As part of SON, RAN3 should consider solutions for the coordination of NR-U configurations and reports across different RAN nodes. Some areas that could be explored are:
· Indication of which NR-U channel is in operation. 
· Exchanging LBT mode configuration on a per channel basis between RAN nodes. LBT mode configuration can include which LBT mode is operated (LBE or FBE), energy detection threshold used for DL and/or UL sensing. 
· Exchanging information about the quality of the NR-U channels in use. Such as, statistics related to LBT failure or success, measured RSSI or interference level, and/or served LBT priority classes, channel occupancy time, etc.. 
Providing such information enables potential optimizations that would noticeably enhance the coexistence of different nodes. for instance,
· Allowing faster switching of NR-U channel in operation based on the information received from neighboring nodes, instead of performing extensive measurements on different NR-U nodes. Inter-network interference can be avoided by avoiding highly utilized channels.
· Allowing a RAN node to adapt its LBT configuration (e.g. ED threshold) on the basis of the NR-U information received from neighbour RAN nodes. 
Allowing a RAN node to request the modification of a neighbour RAN node LBT configuration with the aim to increase NR-U channel efficiency
The exchange of information regarding the LBT configuraton could be enabled at two possible levels.
The LBT configuration could be part of the Served Cell Information IE: in this case it is assumed that the LBT configuration is rather static
The LBT configuration could be part of the Resource Status Update message information: namely, the LBT configuration may be considered dynamic and associated with the reported resources per NR-U cell.
Below, the second case of enhancements to the Resource Status Update procedure is taken, where the message already enhanced in Section 2.1 is further updated:
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

	
	–
	

	>>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 
	
	

	>>>>Channel Availability
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been available, e.g. due to successful LBT
	
	

	>>>>LBT Mode
	O
	
	ENUMERATED (LBE, FBE, …)
	Indicates the LBT mode of operation of the channel in use 
	
	

	>>>>ED Threshold
	O
	
	INTEGER(-85..-52,…)
	Indicates the absolute maximum energy detection threshold value. Unit in dBm. Value -85 corresponds to -85 dBm, value -84 corresponds to -84 dBm, and so on (i.e. in steps of 1dBm) as specified in TS 37.213 [xx], clause 4.2.3.
	
	

	>>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
	
	–
	



From the tabular above it is possible to see how the node receiving the Resource Status Report can build an understanding of 
· The NR-U channel for which the resource status is pertaining
· The percentage of time for which the NR-U resources for that channel were available, e.g. when LBT did not fail
· The LBT Mode in use for the channel in question. This enables the receiver to understand what was the criteria used to determine that the channel resources were available
· The ED threshold used when determining if resources are available for a given NR-U channel. This enables the receiver to understand how the channel availability result was produced and whether it is likely that the channel is highly interfered (high ED) or lowly interfered (low ED) 

Proposal 2: It is proposed to take the tabular in Section 2.2 for the Resource Status Report message as a reference to further discuss how to signal NR-U resource availability detection criteria between RAN nodes
Conclusion
In this paper a view of NR-U and how SON could be applied to it has been given. The following observations and proposals were made:

Observation 1: Currently standardized mobility and load balancing information lead to misinterpreting the available capacity of the cell when used in unlicensed operation
Observation 2: For the purpose of understanding the reported available capacity information, and the channel conditions at neighboring cells, RAN nodes has to exchange information concerning the way a shared channel is deemed available or occupied.
Proposal 1: It is proposed to take the tabular in Section 2.1 into account for enhancements of the RESOURCE STATUS UPDATE procedure indicating for which channel and for what amount of time the load information apply
Proposal 2: It is proposed to take the Tabular in Section 2.2 for the Resource Status Report message as a reference to further discuss how to signal NR-U resource availability detection criteria between RAN nodes
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