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1. Introduction
In the last RAN3 #117-e meeting [1], the following agreements have been achieved for SON/MDT application in NPN:
NR-U for MRO
Add to RLF report indications concerning Measured RSSI and HOF due to consistent LBT failure.
Send an LS to RAN2 requesting:
to support latest Measured RSSI and Indication of HOF due to consistent LBT failure in RLF report
to evaluate addition in RLF report of: Energy Detection Threshold, LBT configuration parameter lbt-FailureRecoveryConfig, Channel Occupancy in UL, Time duration for LBT during SpCell change
to support “Indication of consistent LBT failure” in RA report
Keep existing failure type definition and detection to indicate RLF or HOF or PSCell change failure due to consistent LBT failure.
NR-U for MLB
Exchange over Xn of Energy Detection Threshold for UL, and Channel Occupancy Time in UL is supported. 
Rename existing Energy Detection Threshold IE in F1AP and XnAP , and the details to be discussed in CB8.
Add indications of consistent LBT failures in RA report.
Meanwhile, the following issues deserve further discussions.
NR-U for MRO
Continue to discuss on:
-          Additional enhancements for RLF optimizations: EDT in UL, LBT configuration parameter, Channel Occupancy UL, waiting time in UL due to LBT
-          Scenarios where exchange of information related to LBT failure over Xn is beneficial (e.g.  RLF report due to LBT failures from target node to source node, indication of LBT failure from target SpCell to source SpCell, waiting time in DL due to LBT)
-          Additional enhancements for RA report: measured RSSI, LBT duration time, indication of LBT failure per RA attempt
Enhancements for SCG Failure information to be continued after additions to RLF report are agreed.
NR-U for MLB
Further discuss whether Energy Detection Threshold UL and Channel Occupancy Time in UL are provided by UE or network, exact IE names, and signaling details.
Addition of COT Percentage of Neighbour Cells in UL is FFS.
In this paper, we shall provide our further suggestions for the detail enhancements for NR-U.
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2.1 NR-U for MRO
The last RAN3 #117-e meeting has agreed to introduce the latest measured RSSI and HOF due to consistent LBT failure into RLF. Meanwhile, RAN3 also agree to further study other additional enhancements for RLF optimizations. Here we provide our opinions for the potential enhancements.
The average sensing time represents the average time from when the UE starts to sense the channel for transmission purpose, to the time the UE successfully occupies the channel or consistent LBT failures are triggered. A longer average sensing time indicates the heavier load of the specific transmission channel and the minor occupancy rate.
The ratio of idle contention windows can also reflect the UL load for NR-U. As specified in TS 37.213, when sensing the unlicensed channel during a contention window, if the detected power for at least 4μs within the sensing slot duration is less than EDT, the channel will be regarded as idle during the sensing slot duration. A high ratio of idle contention windows reveals the channel is able to be occupied with less latency.
The UL EDT in the UE is either configured by gNB or calculated by the UE itself, as specified in TS 37.213. A minor gap between measured RSSI and EDT means the unlicensed channel is potentially not able to be occupied via future LBT and the following transmission may suffer from high NACK rate.
The number of consistent LBT failures and BWP specific lbt-FailureRecoveryConfig can further reveal the transmission scenario in UL for NR-U. These parameters help the network side to evaluate the channel load and influence from LBT failures during data transmission.
The above-mentioned parameters should be further included in RLF report for better RLF optimization. Since the content of RLF report is finally decided by RAN2, RAN3 should send one more LS to RAN2 about the potential enhancements and claim the related considerations.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]For NR-U RLF optimization, additional enhancements should include the average sensing time, ratio of idle contention window, EDT in UL, the number of consistent LBT failures and related LBT configurations.
RAN3 to send a LS to RAN2 about the further enhancements to RLF report.
2.2 NR-U for MLB
For MLB in NR-U, the remaining issue is whether Energy Detection Threshold UL and Channel Occupancy Time in UL are provided by UE or network. As mentioned in sub-clause 2.1, the UL EDT in the UE is either configured by the gNB or calculated by the UE itself. Therefore, only the UE knows the exact EDT used for UL LBT procedure. 
Besides, for COT UL the UE may calculate it more precisely than the gNB. If it is calculated by the gNB, it implies that the gNB has to sense the NR-U channel even there is no DL data transmission. And the gNB also needs to distinguish whether the NR-U channel is occupied by the UEs of itself or by UEs from neighbour cells.
Energy Detection Threshold UL and Channel Occupancy Time in UL should be provided by UE.
At last meeting, it was agreed that:
	Exchange over Xn of Energy Detection Threshold for UL, and Channel Occupancy Time in UL is supported. 
The TPs are provided in the annex to capture this agreement.
To agree on the TPs in the annex for exchanging Energy Detection Threshold UL, and Channel Occupancy Time UL over Xn.
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Based on the discussion in this paper, we propose the following:
1. For NR-U RLF optimization, additional enhancements should include the average sensing time, ratio of idle contention window, EDT in UL, the number of consistent LBT failures and related LBT configurations.
RAN3 to send a LS to RAN2 about the further enhancements to RLF report.
Energy Detection Threshold UL and Channel Occupancy Time in UL should be provided by UE.
To agree on the TPs in the annex for exchanging Energy Detection Threshold UL, and Channel Occupancy Time UL over Xn.
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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

	
	–
	

	>>Radio Resource Status 
	O
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	–
	

	>>TNL Capacity Indicator
	O
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	–
	

	>>Composite Available Capacity Group
	O
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	–
	

	>>Slice Available Capacity
	O
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	–
	

	>>Number of Active UEs 
	O
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	–-
	

	>>RRC Connections
	O
	
	[bookmark: _Hlk44419316]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 at the gNB. 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. 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 at the gNB. Value is in dBm. 
	
	



	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. 
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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

	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.
	-
	

	>>>>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. 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 at the gNB. Value is in dBm.
	
	



	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.
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