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1. Introduction
In this paper we address some topics left for futher discussion for the support of NR-U for MLB and MRO.

2. Discussion
2.1. Energy Detection Threshold in UL
At RAN3#117-e, it has been agreed to support the signalling of Energy Detection Threshold for UL and Channel Occupancy Time in UL over Xn
Exchange over Xn of Energy Detection Threshold for UL, and Channel Occupancy Time in UL is supported. 
Whether this information is provided by UE or network and the exact details were left for further discussion:
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.

As detailed in 37.213 (clause 4.2.3) the network can optionally signal to the UE parameters relevant for setting the maximum EDT in UL (in particular the maxEnergyDetectionThreshold). If the network decides to not signal such parameters, the maximum EDT in UL takes a default value (details are found in 37.213, 4.2.3.1). Finally, the UE can decide to set the EDT UL to be less than or equal to the maximum EDT in UL:
A UE accessing a channel on which UL transmission(s) are performed, shall set the energy detection threshold () to be less than or equal to the maximum energy detection threshold . 
The EDT in UL or interest for RLF optimization is the actual EDT in UL used by the UE when it attempted to access the NR-U channel and the attempt failed (channel was seen as busy). This provides the network with information of the conditions at the failure, for example how aggressive a UE can be in producing interference. For MRO purposes, we think it is a natural choice to add this information as part of RLF report. 
In our understanding, a UE could, in principle, set the EDT in UL to different levels for subsequent attempts to access an NR-U channel. However, including all the possible values of EDT in UL in the RLF report is probably an overkill, or at least we don’t see it as a basic solution. An acceptable compromise can be that the UE adds to the RLF report the highest value set for the EDT in UL when consistent LBT failure was detected.


Observation 1: The EDT in UL relevant for RLF optimization is the EDT in UL used by the UE when an attempt to access the NR-U Channel failed.

We also note that the same information can also be beneficial for MLB: for instance, a gNB could use this information to decide how to distribute UEs in a certain way across multiple carriers.


Observation 2: The EDT in UL from UE can beneficial for MLB: as the gNB can use it for distributing UEs across multiple carriers.

Proposal 1: For MRO purpose, add to the RLF report the value of EDT in UL used by the UE when consistent LBT failure was detected. 


As noted above, for the MLB use case, it has been agreed that EDT in UL can be signalled over Xn. But which value?
Load Balancing procedures are designed to report load metrics aggregated for many UEs, e.g., per cell or SSB beam, therefore signaling EDT UL information as reported by individual UE does not seem suitable. 

Observation 3: For MLB use case, it is not suitable to signal the EDTs in UL reported by individual UEs.

In our view, between the reception of per-UE EDT in UL and the sending of EDT in UL per NR-U channel, we need to consider an intermediate step, where, e.g., the gNB takes into account the values of EDT in UL received from the UEs and comes up with the EDT in UL to be signalled to the peer node. The details of how this step is performed should be left to implementation. 

Proposal 2: For MLB purpose, the NR-U metric for EDT in UL to be signalled over Xn is derived by the gNB in an implementation specific way. 


For a gNB in split deployment, it is the DU that may prepare the configuration of the UEs in terms of maxEnergyDetectionThreshold (part of the ChannelAccessConfig-r16 IE within the ServingCellConfig IE). If DU does not include the maxEnergyDetectionThreshold parameter, the UE refers to the default value, as described above. In any case (whether that DU has prepared the configuration or not), it knows at least the maximum level of EDT in UL a UE can use.

Observation 4: For a gNB in split deployment, it is the DU that knows the maximum level of EDT in UL a UE can use.

As of today, the CU is not aware of the EDT in UL and before this information can be sent over Xn, the CU needs to acquire this knowledge. We see two possibilities:

1. the CU receives the EDT in UL values from the RFL report sent by UEs (only for failure cases anyway)
2. the CU receives the EDT in UL from the DU (regardless of failure cases)

The second option is the one we prefer, so we propose to add to a new IE Energy Detection Threshold UL to the existing F1AP RESOURCE STATUS UPDATE message. 

Proposal 3: Add a new Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message.

2.2. Channel Occupancy Time percentage in UL

As for the case of the EDT in UL, a node (e.g. gNB 2) that receives from one of its neighbors (e.g. gNB 1) the Channel Occupancy percentage time in UL, can use this information to better understand how a UE would be served by the peer node after a load balancing action. 

In split deployment, since the DU receives the UL transmission from the UE, it is the DU that is aware of the percentage of time for which the channel resources have been utilised for UL traffic. Therefore, to support Channel Occupancy percentage time in UL we need to:
· add a new IE over F1AP to signal the Channel occupancy percentage time in UL from DU to CU
· add a new IE over XnAP to signal the Channel occupancy percentage time in UL from one gNB to another gNB

Proposal 4: Add a new Channel occupancy time percentage UL IE to the F1AP RESOURCE STATUS UPDATE message.
Proposal 5: Add a new Channel occupancy time percentage UL IE to the XnAP RESOURCE STATUS UPDATE message.

2.3. LBT configuration parameters
At RAN3#117-e it has been decided to continue the discussion on whether addition of LBT configuration parameters are beneficial for RLF optimization. 
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
It has also been agreed to add indication concerning HOF due to consistent LBT failure in RLF report:
Add to RLF report indications concerning Measured RSSI and HOF due to consistent LBT failure.
LBT configuration parameters includes lbt-FailureInstanceMaxCount and lbt-FailureDetectionTimer for consistent LBT failure detection. With this information at hand, the network can have a clear view of the network setting for LBT at the time when the failure occurred. We consider that (as specified in 38.331) a UE may discard the RLF information 48 hours after the failure is detected. Therefore, when a gNB receives an RLF report containing the indication of HO failure due to consistent LBT failure, the LBT configuration may have changed meanwhile.
Observation 5: When a gNB receives an RLF report containing the indication of HO failure due to consistent LBT failure, the LBT configuration may have changed.

We think that addding the LBT configuration in the RLF report is an easy and effective way to solve this issue. The details of the signaling are left for RAN2 to decide, and an LS can be sent accordingly.  
Proposal 6: Add LBT configuration parameters to RLF report.

2.4. RA report enhancements
At RAN3#117-e it has been agreed that support for indication of consistent LBT failure (per RA procedure) is to be added in RA report:
Send an LS to RAN2 requesting:
...
      to support “Indication of consistent LBT failure” in RA report

 and additional enhancements for RA report were left for further discussion:

-          Additional enhancements for RA report: measured RSSI, LBT duration time, indication of LBT failure per RA attempt

Regarding RA report enhancements, we propose to discuss the following additional enhancements:
1. Indication of LBT failure per RA Attempt
2. Indication of measured RSSI
3. Indication of EDT in UL

From the MAC specification in TS 38.321, section 5.1.3 (Random Access Preamble transmission) we note two different behaviors:
1) when an LBT failure indication is received for a Random Access Preamble transmission and lbt-FailureRecoveryConfig is configured, the RA procedure is terminated if the UE attempt to access the channel and fails for the lbt-failureMaxCount number of times. 
2) when an LBT failure indication is received for a Random Access Preamble transmission and lbt-FailureRecoveryConfig is not configured, the RA procedure goes on.

[image: ]
Based on the above, we think that for better analysis of an RA report, this can include information concerning LBT failures when transmission of an RA preamble was attempted, and the situation when this happened. We propose then to add the following to RA report: indication of LBT failures per RA attempt, the measured RSSI per RA attempt. Regarding the EDT in UL used by the UE, it seems sufficient to have an indication of it per RA procedure. 
At least we think RAN3 should consult RAN2 to know if these additions are feasible.
Proposal 7: Enhance the RA report with:
1. Indication of LBT failure, per RA Attempt
2. Measured RSSI, per RA Attempt
3. EDT in UL, per RA procedure


2.5. Inter-node signaling aspects
It has been discussed at past meetings whether some information related to LBT failure is worth to be reported over Xn, and the following captured in the meeting notes:
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)
Below we describe two cases with related proposals.
Handover Preparation
An RLF may be detected during handover preparation, due to LBT issue. For instance, a UE may experience issue in transmitting Measurement Report, or the source node may experience LBT issue in sending Handover Command the UE. We have already agreed that RLF report could contain the latest measured RSSI at the time of RLF report. If the network can also obtain also the information on the EDT values used by the UE, the network can have an understanding of the presence of LBT issue during the preparation phase. 
Some additional information could be added, to identify whether, before the detecting the RLF, a mobility event was about to start, e.g. whether the UE was trying to send a Measurement Report. This would help in the analysis phase to understand that LBT issues impacted the handover preparation.
Proposal 8: Add to RLF report indications of LBT issues occurring at handover preparation, e.g. a flag indicating the Measurement Report could not be sent due to consistent LBT failures. 



Handover Execution
During the handover execution phase, the UE can get problem in accessing resources of the target node due to LBT issue preventing or delaying the transmission of DL signals from the target node. This includes transmissions of SSB (note: this can happen at any time, also during handover preparation), transmissions of Msg2, Msg 4 or Msg B.
The UE could also experience LBT issues in UL while trying to connect to the target node. 
We have then one “event” (HO execution failed due to LBT issue) which can be due to: 1) UL LBT issue only; 2) DL LBT issue only; 3) Both UL LBT issue and DL LBT issue.
The source node which analyzes the information for this “event” to do its analysis properly, has to receive all the relevant information at the same time, or at least it should be able to reconstruct when the “event” occurred.
We think a good way to achieve this is the following:
1. The UE adds to the RLF report information related to LBT issues in UL: we have already agreed to add an indication of HO failure due to LBT issue (details to be decided by RAN2). We could further enhance the RLF report to indicate whether RAR was not received, or whether Msg3 was sent but Msg4 was not received.
2. DL part: the target gNB sends to the source gNB the RLF report together with an indication that the handover execution failed due to LBT issues in DL. 


Proposal 9: In case of Handover execution failure due to LBT issue in DL, the target gNB sends to the source gNB the RLF report together with an indication that HO failed due to LBT issues in DL. 
Proposal 10: RAN3 to discuss RLF report enhancement with information related to RA procedure, e.g. whether RAR was not received, or Msg3 was received but Msg4 was not received. 

Proposal 11: Send an LS to RAN2 to request support for adding:
· in RLF report: LBT-FailureRecoveryConfig 
· in RA report, per RA Attempt: indication of LBT failures, measured RSSI
· in RA report, per RA Procedure: EDT UL

A draft CR mirroring the proposals for F1AP is in Appendix A.
A draft CR mirroring the proposals for XnAP is in Appendix B.



Conclusion
This paper focused on NR-U enhancements in relation to MRO and UL MLB and the following proposals were derived:
Proposal 1: For MRO purpose, add to the RLF report the value of EDT in UL used by the UE when consistent LBT failure was detected. 

Proposal 2: For MLB purpose, the NR-U metric for EDT in UL to be signalled over Xn is derived by the gNB in an implementation specific way. 

Proposal 3: Add a new Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message.
Proposal 4: Add a new Channel occupancy time percentage UL IE to the F1AP RESOURCE STATUS UPDATE message.
Proposal 5: Add a new Channel occupancy time percentage UL IE to the XnAP RESOURCE STATUS UPDATE message.
Proposal 6: Add LBT configuration parameters to RLF report.
Proposal 7: Enhance the RA report with:
1. Indication of LBT failure, per RA Attempt
2. Measured RSSI, per RA Attempt
3. EDT in UL, per RA procedure

Proposal 8: Add to RLF report indications of LBT issues occurring at handover preparation, e.g. a flag indicating the Measurement Report could not be sent due to consistent LBT failures. 
Proposal 9: In case of Handover execution failure due to LBT issue in DL, the target gNB sends to the source gNB the RLF report together with an indication that HO failed due to LBT issues in DL. 
Proposal 10: RAN3 to discuss RLF report enhancement with information related to RA procedure, e.g. whether RAR was not received, or Msg3 was received but Msg4 was not received. 
Proposal 11: Send an LS to RAN2 to request support for adding:
· in RLF report: LBT-FailureRecoveryConfig 
· in RA report, per RA Attempt: indication of LBT failures, measured RSSI
· in RA report, per RA Procedure: EDT UL
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-----------------------------------------------Start of F1AP changes-----------------------------------------------

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 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.
	-
	

	>>>>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 of the maximum ED Threshold used for UL channel sensing. 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.




-----------------------------------------------Start of F1AP changes-----------------------------------------------
-- 9.3.5	Information Element definitions
(skip unchanged part)
	id-Source-MRB-ID,
	id-RedCapIndication,
	id-UL-GapFR2-Config,
 id-ChannelOccupancyTimePercentageUL,
 id-EnergyDetectionThresholdUL,
	maxNRARFCN,
	maxnoofErrors,
	maxnoofBPLMNs,
	maxnoofBPLMNsNR,

-----------------------------------------------  Next F1AP Change -------------------------------------------------------

[bookmark: _Hlk115188974]NR-U-Channel-List ::= SEQUENCE (SIZE (1..maxnoofNR-UChannelIDs)) OF NR-U-Channel-Item 

NR-U-Channel-Item ::= SEQUENCE {
	nR-U-ChannelID						INTEGER(1..maxnoofNR-UChannelIDs),
	channelOccupancyTimePercentageDL		ChannelOccupancyTimePercentage, 
	energyDetectionThreshold				EnergyDetectionThreshold, 
	iE-Extensions			ProtocolExtensionContainer { { NR-U-Channel-Item-ExtIEs} } OPTIONAL,
	...
}

NR-U-Channel-Item-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {
{ ID id-ChannelOccupancyTimePercentageUL	CRITICALITY ignore EXTENSION ChannelOccupancyTimePercentage PRESENCE optional}|
{ ID id-EnergyDetectionThresholdUL	CRITICALITY ignore EXTENSION EnergyDetectionThreshold PRESENCE optional},

	...
}

-----------------------------------------------  Next F1AP Change -------------------------------------------------------
id-SRSPosRRCInactiveConfig							ProtocolIE-ID ::= 674
id-SDTBearerConfigurationQueryIndication			ProtocolIE-ID ::= 675
id-SDTBearerConfigurationInfo						ProtocolIE-ID ::= 676
id-UL-GapFR2-Config									ProtocolIE-ID ::= 677
id-ChannelOccupancyTimePercentageUL				ProtocolIE-ID ::= xx1
id-CompositeAvailableCapacityGroupNR-U			ProtocolIE-ID ::= xx2


END
-- ASN1STOP 


-----------------------------------------------End of F1AP changes -----------------------------------------------
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-----------------------------------------------Start of XnAP changes-----------------------------------------------
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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. 
	–
	

	[bookmark: _Hlk114070759]>>>>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 of the maximum ED Threshold used for UL channel sensing. 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. 






----------------------------------------------- Start 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-earlyMeasurement,
	id-BeamMeasurementsReportConfiguration,
 id-ChannelOccupancyTimePercentageUL,
 id-EnergyDetectionThresholdUL,
	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-ChannelOccupancyTimePercentageUL	CRITICALITY ignore EXTENSION ChannelOccupancyTimePercentage PRESENCE optional}|
{ ID id-EnergyDetectionThresholdUL	CRITICALITY ignore EXTENSION EnergyDetectionThreshold PRESENCE optional},

	...
}


-----------------------------------------------  Next XnAP Change -------------------------------------------------------
id-UEAssistantIdentifier																			ProtocolIE-ID ::= 361
id-ManagementBasedMDTPLMNModificationList															ProtocolIE-ID ::= 362
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-ChannelOccupancyTimePercentageUL				ProtocolIE-ID ::= xx1
id-CompositeAvailableCapacityGroupNR-U			ProtocolIE-ID ::= xx2


END
-- ASN1STOP


-----------------------------------------------End of all changes-----------------------------------------------
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1> if LBT failure indication is received from lower layers for this Random Access Preamble transmission:
2> if Ibt-FailureRecoveryConfig is configured:
3> perform the Random Access Resource selection procedure (see clause 5.1.2).
2> else
3> increment PREAMBLE_TRANSMISSION_COUNTER by 1;
3> if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1
4> if the Random Access Preamble is transmitted on the SpCell:
5> indicate a Random Access problem to upper layers;
5> if this Random Access procedure was triggered for SI request
6> consider the Random Access procedure unsuccessfully completed
4> else if the Random Access Preamble is transmitted on an SCell.
5> consider the Random Access procedure unsuccessfully completed.
3> if the Random Access procedure is not completed
4> perform the Random Access Resource selection procedure (see clause 5.1.2).





