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1. Introduction

In last meeting, the NR-U optimization has been discussed and some progress has been made as shown below.

	NR-U for MRO:

Add to RLF report indications concerning Measured RSSI and HOF due to consistent LBT failure.
Keep existing failure type definition and detection to indicate RLF or HOF or PSCell change failure due to consistent LBT failure
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:

Exchange over Xn of Energy Detection Threshold for UL, and Channel Occupancy Time in UL is supported
Add indications of consistent LBT failures in RA report.
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 contribution, we provide our further consideration on NR-U optimization, including the MRO and UL MLB.

2. Discussion
2.1. MRO
In last meeting, in addition to the indications concerning Measured RSSI and HOF due to consistent LBT failure, some potential enhancements for RLF optimizations were raised, including the EDT in UL, LBT configuration parameter, Channel Occupancy UL and waiting time in UL due to LBT.

For the Energy Detection Threshold in UL, as shown in TS 37.213, the UE shall set the energy detection threshold when accessing a channel with UL transmission, which means the UL Energy Detection Threshold should be set by the UE.
	4.2.3
Energy detection threshold adaptation procedure

A UE accessing a channel on which UL transmission(s) are performed, shall set the energy detection threshold ([image: image1.png]X Thresh



) to be less than or equal to the maximum energy detection threshold [image: image2.png]X Thresh max



.
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 is determined as follows:

-
If the UE is configured with higher layer parameter maxEnergyDetectionThreshold-r14 or maxEnergyDetectionThreshold-r16, 

-
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 is set equal to the value signalled by the higher layer parameter;

-
otherwise

-
the UE shall determine [image: image5.png]


 according to the procedure described in clause 4.2.3.1;
-
if the UE is configured with higher layer parameter energyDetectionThresholdOffset-r14 or energyDetectionThresholdOffset-r16
-
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 is set by adjusting [image: image7.png]


 according to the offset value signalled by the higher layer parameter;
-
otherwise
-
the UE shall set [image: image8.png]XThresh max =X

"Thresh max



.

The UE is not expected to be configured with ul-toDL-COT-SharingED-Threshold-r16 when the UE is provided with ChannelAccessMode-r16 ='semiStatic',


It could show whether the unlicensed channel is easy to access. To be more specific, the unlicensed channel with high ED threshold is easy to access. With this information, the source node is able to adjust the handover strategy to avoid the HOF. For example, the NG-RAN node is able to adjust the ED threshold to avoid the consistent LBT failures.to solve the HOF for NR-U.
For the LBT configuration parameter (corresponding to the lbt-FailureRecoveryConfig), it could be used to provide the configuration related to the LBT failure detection and recovery from the UE to the Network.

	LBT-FailureRecoveryConfig
The IE LBT-FailureRecoveryConfig-r16 is used to configure the parameters used for detection of consistent uplink LBT failures for operation with shared spectrum channel access, as specified in TS 38.321 [3].

LBT-FailureRecoveryConfig information element

-- ASN1START
-- TAG-LBT-FAILURERECOVERYCONFIG-START

LBT-FailureRecoveryConfig-r16 ::=    SEQUENCE {

    lbt-FailureInstanceMaxCount-r16      ENUMERATED {n4, n8, n16, n32, n64, n128},

    lbt-FailureDetectionTimer-r16        ENUMERATED {ms10, ms20, ms40, ms80, ms160, ms320},

    ...

}

-- TAG-LBT-FAILURERECOVERYCONFIG-STOP

-- ASN1STOP


However, whether this parameter should be included in RLF report still needs to be discussed since the benefit is not clear.

For the Channel Occupancy in UL, as it has been introduced in NR-U for UL MLB, while the details still need to be clarified, including whether this parameter should be provided by UE or network, exact IE names and signalling details. And it is better to align with the progress in UL MLB. 

For the waiting time in UL due to LBT, how to define the waiting time is an issue since this parameter cannot be referred in other specification.
Proposal 1: Energy Detection Threshold in UL could be introduced in the RLF report for the MRO enhancement for NR-U.
For the exchange of information related to LBT failure over Xn, as the RLF report optimizations have not been finalized and this meeting is only the second meeting in Rel-18, the stage 3 details could be postponed to the future meetings.
Proposal 2: It is proposed to postpone the discussion on the exchange of information related to LBT failure over Xn.

2.2. UL MLB
In last meeting, the Energy Detection Threshold in UL and Channel Occupancy Time Percentage UL have already been introduced. While, the details of the two parameters should be clarified.

As shown in TS 38.133, the Channel Occupancy should be estimated by the UE based on the RSSI samples, which means the UL Channel Occupancy time percentage should be reported by the UE.

	9.2A.7.2
Intra-frequency Channel occupancy measurements

The UE shall be capable of estimating the channel occupancy on one or more serving carrier frequencies indicated by higher layers [2], based on RSSI samples provided by the physical layer.

The UE can perform channel occupancy measurements without measurement gaps if RSSI measurement bandwidth is fully within the active DL BWP of the UE.


In addition, as shown in TS 37.213, the UE shall set the energy detection threshold when accessing a channel with UL transmission, which means the UL Energy Detection Threshold should be set by the UE.
	4.2.3
Energy detection threshold adaptation procedure

A UE accessing a channel on which UL transmission(s) are performed, shall set the energy detection threshold ([image: image9.png]X Thresh



) to be less than or equal to the maximum energy detection threshold [image: image10.png]X Thresh max
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 is determined as follows:

-
If the UE is configured with higher layer parameter maxEnergyDetectionThreshold-r14 or maxEnergyDetectionThreshold-r16, 

-
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 is set equal to the value signalled by the higher layer parameter;

-
otherwise

-
the UE shall determine [image: image13.png]


 according to the procedure described in clause 4.2.3.1;
-
if the UE is configured with higher layer parameter energyDetectionThresholdOffset-r14 or energyDetectionThresholdOffset-r16
-
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-
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The UE is not expected to be configured with ul-toDL-COT-SharingED-Threshold-r16 when the UE is provided with ChannelAccessMode-r16 ='semiStatic',


Therefore, the two candidate UL load metrics should be reported or set by UE, and they should be provided by RAN2.
Proposal 3: The Channel Occupancy Time Percentage UL and Energy Detection Threshold UL should be provided by UE.

As it has been agreed to introduce the Channel Occupancy Time Percentage UL and Energy Detection Threshold UL over Xn, these two metrics should be also introduced over F1 according.

Proposal 4: Introduce the Channel Occupancy Time Percentage UL and Energy Detection Threshold UL over F1.
3. Conclusion
Proposal 1: Energy Detection Threshold in UL could be introduced in the RLF report for the MRO enhancement for NR-U.
Proposal 2: It is proposed to postpone the discussion on the exchange of information related to LBT failure over Xn.

Proposal 3: The Channel Occupancy Time Percentage UL and Energy Detection Threshold UL should be provided by UE.

Proposal 4: Introduce the Channel Occupancy Time Percentage UL and Energy Detection Threshold UL over F1.
The TPs for BL CR 38.423 and 38.473 are given in the Annex.
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5. Annex

5.1. TP for SON BL CR 38.423 on UL MLB for NR-U
<<<<<<<<<<<<<<<<<<<< START OF CHANGE >>>>>>>>>>>>>>>>>>>>
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 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 UE. 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. 


<<<<<<<<<<<<<<<<<<<< END OF CHANGE >>>>>>>>>>>>>>>>>>>>
5.2. TP for SON BL CR 38.473 on UL MLB for NR-U
<<<<<<<<<<<<<<<<<<<< START OF CHANGE >>>>>>>>>>>>>>>>>>>>

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.
	-
	

	>>>>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 UE. 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.


<<<<<<<<<<<<<<<<<<<< END OF CHANGE >>>>>>>>>>>>>>>>>>>>
1
3

