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1. Introduction
In the last RAN3 117b-e meeting, the following agreements for NR-U are made [1]:
For XnAP, add in the RESOURCE STATUS UPDATE message a Channel Occupancy Time Percentage UL IE and an Energy Detection Threshold UL IE as sub-IEs of NR-U Channel Item IE. Corresponding TP is in R3-226040.
Rename the existing Channel occupancy time percentage DL IE as Channel Occupancy Time Percentage DL both in F1AP and XnAP from R17.
Meanwhile, there are still lots of issues to be FFS:
NR-U for MRO
Discussion to be continued on the following:
further enhancements for RLF report:
· addition to RLF report of indications of number of consistent LBT failures and at which granularity (e.g., per BWP)
· addition to RLF report of EDT in UL (e.g., exact value, average, max)
· whether LBT configuration at network side is sufficient or should be added to RLF report
· waiting time in uplink due to LBT
further enhancements of RA report:
· information of LBT failures occurring during the RA procedure. FFS on the granularity of this information. 
· addition of EDT in UL from UE (and which value, e.g., exact value, average, max)
· addition of Measured RSSI
· addition of UL LBT duration time
improvements for SCG Failure Information:
· Measured RSSI
· SCG failure due to consistent LBT failure
whether and how, in case of handover, the target gNB can send to the source gNB indication of DL LBT failure. For example:
· in the Xn message, sent post HO execution, which contains the RLF report
· in an Xn message, sent post HO execution, which does not contain the RLF report 
NR-U for MLB
FFS on whether the values for COT UL and the EDT UL in resource status reporting to be used for MLB can be obtained by the gNB in an implementation specific way and/or based on COT UL and EDT UL provided by the UEs.
FFS whether to add in F1AP within the RESOURCE STATUS UPDATE message, a Channel Occupancy Time Percentage UL IE and/or an Energy Detection Threshold UL IE as sub-IEs of NR-U Channel Item IE. 
Continue to discuss whether and how to report COT in UL and COT in DL for neighbor cells
FFS whether and how to report NR-U metrics with SSB beam level granularity.
Besides, RAN2 also has also sent an LS in [2] about whether it is possible to know the lbt-FailureRecoveryConfig used for execution of the RA procedure and evaluate the cost for the solution without UE reporting. 
In this discussion, we provide our views on above remaining open issues.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 MRO in NR-U
For enhancements to RLF report, we list our opinions for the remaining issues as follows.
According to the clause 5.21.2 of TS 38.321, the MAC entity detects the consistent LBT failure per UL BWP, via counting LBT failure indications for all UL transmissions from the low layers. Within a preconfigured timer lbt-FailureDetectionTimer, if the MAC entity receives a number of LBT failure indications more than lbt-FailureInstanceMaxCoun, a consistent LBT failure will be triggered in the active BWP. The UE then will switch to another BWP for which consistent LBT failure has not been triggered. If all UL BWPs in the serving cell have been triggered consistent LBT failures, a RLF is declared. On the other hand, if the LBT failure MAC CE is transmitted via multiplexing and assembly procedure, or a RA procedure is successfully completed, the ever triggered consistent LBT failure will be cancelled. Therefore, we think in RLF, the number of consistent LBT failure on the granularity of per BWP should be included, to inform the network side about the load and potential failure risk in each BWP.
RLF report should include the number of consistent LBT failures, on the granularity of per BWP.
According to the clause 4.2.3 of TS 37.213, the EDT used by UE, is a self-determined value not larger than the value configured by network, or than a default value related to the single channel bandwidth. Considering the consistent LBT failure is counted and recorded per BWP, we think using average EDT value corresponding to each BWP, is reasonable. However, since the EDT will not be frequently reconfigured, an overall average EDT value during the UL transmission is also acceptable.
EDT in average in the UL should be included in the RLF report.
As discussed above, it is obviously that the network side configures the UE with LBT configurations and thus is aware of the detail configurations. However, the network side cannot predict whether an RLF occurred in the UE. Before receiving an RLF report, if the network has changed the LBT configurations, the network may not be able to associate the RLF report and the corresponding LBT configurations.
RLF report should include the UL LBT configurations.
The waiting time in UL due to LBT is not clear enough. For example, the UE may perform RA procedures among different BWPs. In this case, a single waiting time cannot reflect the detail LBT situations for each BWP. We thus prefer the average sensing time. 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 higher load of the specific transmission channel.
RLF report should include the average sensing time.
For enhancements to RA reports. we share the similar opinions with RLF report. The information of LBT failures occurring during RA procedures should be included and on the granularity per BWP, which is also aligned with RAN2. The measured RSSI can provide reference for setting EDT value. A minor gap between measured RSSI and applied EDT means the unlicensed channel is potentially not able to be accessed via future LBT, vice versa. To limit the overhead, we think the best RSSI logging granularity should be to let UE record the average RSSI per RA procedure in a specific BWP. As for the UL LBT duration time, we prefer to use average sensing time instead.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]RA report should include LBT failure information during the RA procedures, on the granularity of per BWP.
For the LS from RAN2, we think the rational method for the network to know the BWP specific LBT recovery configuration is via UE reporting. Without UE reporting, the gNB should restore the historical BWP specific LBT recovery configuration, since the NW side does not know when the NR-U optimization is needed. This will bring extra storage costs in gNB. Besides, lbt-FailureRecoveryConfig contains only two elements, the introduced UE reporting costs are also acceptable.
RAN2 to consider to inform NW of the BWP specific LBT recovery configuration via UE reporting.
2.2 MLB in NR-U
One main issue about MLB in NR-U, is that should the used EDT UL and measured COT UL for serving cell be provided by UE or gNB. In this part, we shall discuss them respectively.
[bookmark: _Hlk117778878]As analysed in clause 2.1, the EDT value actually applied in UL for UL, is less than or equal to the maximum energy detection threshold , which can be either configured by the NW side or a specified default value. Hence, only the UE has the full information about the really applied value of EDT. Configured with the same , different UEs can still choose to use different EDT. 
For example, if  is configured with a value -80dBm in a SpCell, and 50% UEs apply EDT equal to -80dBm, while the rest 50% UEs apply EDT equal to -90dBm. Then, the actually average EDT for UL is -85dBm, while without the EDT information provided by the UE, the NW side will regard the UL EDT as -80dBm. A neighbour cell, with -85dBm as UL EDT, thinks the -80dBm EDT for UL in the SpCell is higher than the value in itself, it may decide to offload UL traffic. The local UEs in the SpCell will be negatively impacted. On the other hand, exchanging EDT for UL of individual UE cause mass signalling cost and is not practical. Therefore, in resource status, the EDT value for UL should be provided by UE and the exchanged value over Xn is the mathematical average value.
The EDT UL in resource status reporting to be used for MLB should be provided by the UE.
For COT in UL, if it is provided by the gNB, there is the same problem of inaccuracy. Though the UL transmission is configured and granted by the gNB, it does not mean the gNB know the exact COT in UE. For example, if a UE detects LBT failure and executes no UL transmissions in a certain period of time, the gNB may receive signalling from other network or neighbour cells, and regard the UE has performed UL transmission with heavy interference in the gNB side. The NW side will have no accurate information about COT in UL and the UL load. Hence, the related MLB UL will be not effective. We propose the same opinion that the COT UL in resource status reporting to be used for MLB should be provided by the UEs.
The COT UL in resource status reporting to be used for MLB should be provided by the UE.
Another remaining issue is whether to introduce radio resource status and CAC per NR-U channel. This was discussed few meetings as Rel-17 corrections. And it was not agreed. 
We propose RAN3 to study and agree to introduce the radio resource status and CAC per NR-U channel as ellabaraged in [3] in order to help the receiving node choose the proper target cell for offloading.
RAN3 to introduce radio resource status and CAC per NR-U channel.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
1. RLF report should include the number of consistent LBT failures, on the granularity of per BWP.
EDT in average in the UL should be included in the RLF report and FFS the calculation granularity.
RLF report should include the UL LBT configurations.
RLF report should include the average sensing time.
RA report should include LBT failure information during the RA procedures, on the granularity of per BWP.
RAN2 to consider to inform NW of the BWP specific LBT recovery configuration via UE reporting.
The EDT UL in resource status reporting to be used for MLB should be provided by the UE.
The COT UL in resource status reporting to be used for MLB should be provided by the UE.
RAN3 to introduce radio resource status and CAC per NR-U channel.
The TPs are provided in the annex.
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[1] RAN3 #117bis-e meeting, RAN3_117bis-e_agenda_20221018_EOMe.
[2] R2-2211063 LS on Possibility on LBT-FailureRecoveryConfig
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[bookmark: _Toc100782182]/**********************Start of changes********************************/

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
	
	[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
	
	–
	

	>>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. 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. 
	–
	

	>>>>Radio Resource Status of NR-U
	O
	
	9.2.2.50
	Radio Resource Status per NR-U channel.
	
	

	>>>>Composite Available Capacity Group of NR-U
	O
	
	9.2.2.51
	Composite Available Capacity Group per NR-U channel.
	
	



	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. 




/**********************Next change********************************/


	


[bookmark: _Toc106109723][bookmark: _Toc105174886][bookmark: _Toc98868600][bookmark: _Toc97904462][bookmark: _Toc88654106][bookmark: _Toc74151632][bookmark: _Toc66286934][bookmark: _Toc64447440][bookmark: _Toc56693896][bookmark: _Toc51850892][bookmark: _Toc45901811][bookmark: _Toc45108191][bookmark: _Toc44497804][bookmark: _Toc36556019][bookmark: _Toc29991616][bookmark: _Toc20955408]9.3.5	Information Element definitions
------ (Unchanged part omitted) ------

id-PositioningInformation,
id-ServedCellSpecificInfoReq-NR,
id-RadioResourceStatusofNR-U,
id-CompositeAvailableCapacityGroupofNR-U,
maxEARFCN,
maxnoofAllowedAreas,

------(Unchanged part omitted)------

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 ::= {
[bookmark: _Hlk109757753]{ ID id-RadioResourceStatusofNR-U CRITICALITY ignore EXTENSION RadioResourceStatus PRESENCE optional}|
{ ID id-CompositeAvailableCapacityGroupofNR-U CRITICALITY ignore EXTENSION CompositeAvailableCapacityGroup PRESENCE optional}|

...
}

NR-U-ChannelID ::= INTEGER (1..maxnoofNR-UChannelIDs, ...)

ChannelOccupancyTimePercentage ::= INTEGER (0..100,...)

EnergyDetectionThreshold ::= INTEGER (-100..-50, ...)



NR-U-Channel-Item ::= SEQUENCE {
	nR-U-ChannelID						NR-U-ChannelID,
	channelOccupancyTimePercentageDL	ChannelOccupancyTimePercentage,
	energyDetectionThreshold			EnergyDetectionThreshold,
	iE-Extension		ProtocolExtensionContainer { {NR-U-Channel-Item-ExtIEs} } 	OPTIONAL,
	...
}

[bookmark: _Toc106109725][bookmark: _Toc105174888][bookmark: _Toc98868602][bookmark: _Toc97904464][bookmark: _Toc88654108][bookmark: _Toc74151634][bookmark: _Toc66286936][bookmark: _Toc64447442][bookmark: _Toc56693898][bookmark: _Toc51850894][bookmark: _Toc45901813][bookmark: _Toc45108193][bookmark: _Toc44497806][bookmark: _Toc36556021][bookmark: _Toc29991618][bookmark: _Toc20955410]9.3.7	Constant definitions
------(Unchanged part omitted)------

id-ManagementBasedMDTPLMNModificationList										ProtocolIE-ID ::= 362
id-F1-terminatingIAB-donorIndicator												ProtocolIE-ID ::= 363
[bookmark: _Hlk109757886]id-RadioResourceStatusofNR-U                                                   ProtocalIE-ID ::= xx1
id-CompositeAvailableCapacityGroupofNR-U                                       ProtocalIE-ID ::= xx2

/**********************End of changes********************************/
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/**********************Start of 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 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. 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.
	-
	

	>>>>Radio Resource Status of NR-U
	O
	
	9.3.1.129
	Radio Resource Status per NR-U channel.
	
	

	>>>>Composite Available Capacity Group of NR-U
	O
	
	9.3.1.130
	Composite Available Capacity Group per NR-U channel.
	
	



	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.



/**********************Next change********************************/


	


[bookmark: _Toc106110436][bookmark: _Toc105927896][bookmark: _Toc105511364][bookmark: _Toc99731229][bookmark: _Toc99038966][bookmark: _Toc97911142][bookmark: _Toc88658230][bookmark: _Toc81383596][bookmark: _Toc74154852][bookmark: _Toc66289739][bookmark: _Toc64449080][bookmark: _Toc51763908][bookmark: _Toc45832586][bookmark: _Toc36557066][bookmark: _Toc29893129][bookmark: _Toc20956003]9.4.5	Information Element Definitions
-- ASN1START 
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

F1AP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-access (22) modules (3) f1ap (3) version1 (1) f1ap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

IMPORTS

------(Unchanged part omitted)------

id-SL-RLC-ChannelToAddModList,
id-SIB15-message,
id-ChannelOccupancyTimePercentageDL,
id-EnergyDetectionThresholdDL,
id-RadioResourceStatusofNR-U,
id-CompositeAvailableCapacityGroupofNR-U,
maxNRARFCN,

------(Unchanged part omitted)------

NR-U-Channel-Info-List ::= SEQUENCE (SIZE (1..maxnoofNR-UChannelIDs)) OF NR-U-Channel-Info-Item

NR-U-Channel-Info-Item ::= SEQUENCE {
	nr-U-channel-ID		INTEGER(1..4,...),
	nR-ARFCN				INTEGER (0..maxNRARFCN),
	bandwidth				ENUMERATED{mHz-10,mHz-20,mHz-40, mHz-60, mHz-80,...},
	iE-Extensions			ProtocolExtensionContainer { { NR-U-Channel-Info-List-ExtIEs } }		OPTIONAL,
	...
}

NR-U-Channel-Info-List-ExtIEs	F1AP-PROTOCOL-EXTENSION ::= {
	...
}


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, 
	energyDetectionThresholdDL				EnergyDetectionThreshold, 	iE-Extensions			ProtocolExtensionContainer { { NR-U-Channel-Item-ExtIEs} } OPTIONAL,
[bookmark: _GoBack]	...
}

NR-U-Channel-Item-ExtIEs F1AP-PROTOCOL-EXTENSION ::= {
{ ID id-RadioResourceStatusofNR-U CRITICALITY ignore EXTENSION RadioResourceStatus PRESENCE optional}|
{ ID id-CompositeAvailableCapacityGroupofNR-U CRITICALITY ignore EXTENSION CompositeAvailableCapacityGroup PRESENCE optional}|
...
}

------(Unchanged part omitted)------

id-ActivationRequestType								ProtocolIE-ID ::= 649
id-PosMeasGapPreConfigList							ProtocolIE-ID ::= 650
id-RadioResourceStatusofNR-U                            ProtocalIE-ID ::= xx1
id-CompositeAvailableCapacityGroupofNR-U                ProtocalIE-ID ::= xx2

END


/**********************End of changes********************************/
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