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In last RAN3 meeting, the agreements on MRO and MLB for NR-U are collected as below:
MRO:
Enhancements of RLF reports and RA reports are beneficial to separate mobility related errors from the LBT-related ones.
RLF Report and RA report can be enhanced to include information concerning the LBT failures in RA procedures, the granularity and implementation details needs to be further discussed based on progress in RAN2.
MLB:
The presence of COT percentage UL in F1 is optional. 
WA: a gNB sends in resource status reporting via Xn an EDT UL that reflects at least the maximum EDT UL configured for the UEs.
In the document, we provide some analysis on the open issue on MRO and MLB for NR-U.
Discussion
1.1 MRO for NR-U
For legacy MRO, handover configuration is optimized to solve too early/too late/to wrong cell failure type which may lead to RLF or handover failure. But we notice that access to NR-U may also lead to RLF or handover failure because of occupancy by other network, i.e. it does not need to optimize handover configuration for the failure caused by NR-U.
For example:
1. UE0 handover from cell0 to cell1 fails and then initiate RRC reestablishment to cell2. After UE sent RLF Report to network, a handover to wrong cell failure type is detect which requires MRO for handover configuration.
2. UE1 handover from cell0 to cell1 fails due to the reason of consistent LBT failure, and then initiate RRC reestablishment to cell2. After UE sent RLF Report to network, network should not perform MRO for handover configuration because cell1 may have good signal quality and should be select as suitable handover target cell but the cell has been occupied by NR-U.
Observation 1: It does not need to optimize handover configuration for the failure caused by NR-U.
In last RAN3 meeting, we achieved the agreement below:
Enhancements of RLF reports and RA reports are beneficial to separate mobility related errors from the LBT-related ones.
RLF Report and RA report needs to be enhanced to indicate whether the failure is caused by NR-U. We have agreed to introduce consistent LBT failures which can indicate the failure is caused by NR-U and LS to RAN2 have also been sent.
The agreements have been achieved in RAN3 117# meeting as below:
Add to RLF report indications concerning Measured RSSI and HOF due to consistent LBT failure.
Add indications of consistent LBT failures in RA report.
Consistent LBT failures in RLF Report and RA report can show the failure is caused by LBT and handover configuration needs no optimization, i.e. consistent LBT failures can separate mobility related errors from the LBT-related ones.
So, we think RAN3 have finished the task on how to separate mobility related errors from the LBT-related ones. Other enhancement of RLF reports and RA reports in order to separate mobility related errors from the LBT-related ones is not needed. 
RAN3 just wait for RAN2 progress on how to introduce Consistent LBT failures in RLF Report and RA report as the agreement achieved in last RAN3 meeting.
RLF Report and RA report can be enhanced to include information concerning the LBT failures in RA procedures, the granularity and implementation details needs to be further discussed based on progress in RAN2.
Observation 2: RAN3 have agreed to introduce consistent LBT failures in RLF Report and RA report which can separate mobility related errors from the LBT-related ones and LS to RAN2 has been sent. 
Proposal 1: based on observation 2, RAN3 have finished the task on how to separate mobility related errors from the LBT-related ones. How to introduce consistent LBT failures is up to RAN2.
For waiting time in UL due to LBT, the first issue is how to define the waiting time.
In last RAN3 meeting, some companies propose to calculate the wait time by time point t1 – time point t2.
For example, UE want to send measurement report to trigger handover. t1 is the time point measurement report is triggered and t2 is the time point when measurement report is successfully sent to network. We think this solution cannot work for the following reason:
1. For example, there are 5 times of UL LBT before successfully sending measurement report to network. 1 LBT fail ->2 LBT succeed but sending message fail ->3 LBT fail ->4 LBT fail ->5 LBT succeed and successfully sending message to network. For the second LBT, although LBT is OK, measurement report finally failed to be sent to network due to uplink radio link failure. So, the wait time (t1 – t2) is from 1 LBT fail to 5 LBT succeed and successfully sending message to network. During this period of time there are 3 times LBT failure and 1 time uplink radio link failure. In other words, waiting time (t1 - t2) is not only caused by LBT failure. It is unsuitable to use (t1-t2) to reflect LBT waiting time.


2. Even assuming all failure about sending measurement report is caused by LBT failure and UE finally sends measurement report successfully to network when LBT success, it is still unsuitable to define wait time as (t1-t2). If LBT fail, UE has to wait for the next UL available occasion to trigger LBT. It is quite complicate to calculate the next available UL occasion for UL LBT which is up to many factors, for example, UE capability, SchedulingRequestConfig, frame structure, etc. So, a bigger (t1-t2) may be caused by a longer SR configuration, fewer UL available occasion, etc. we also cannot use (t1-t2) for LBT failure detection.
In one word, there may be many reasons can impact the value (t1-t2) and LBT failure is only one of them. So, we propose to not define waiting time because it is too complicated.
Proposal 2: We do not agree to introduce waiting time in UL for the following two reasons: 
1. It is hard to define waiting time in UL.
2. Waiting time in UL due to LBT is also used to separate mobility related errors from the LBT-related ones. We have agreed to introduce the indication of consistent LBT failure, so waiting time in UL is not needed.
For the following open issue:
Continue to discuss on the addition to RLF report of information determining the outcome of the channel access procedure, with focus on EDT UL.
As discussed in last RAN3 meeting, there are two understandings: some companies believe it is to introduce an indicator in RLF Report for each LBT result, others think it is to record per UE EDT UL value in RLF report.
As for including EDT in UL in RLF report, we first look at how UE generate EDT in UL.
After receiving energyDetectionConfig from network, UE may select its own EDT based on it. For example, maxEnergyDetectionThreshold in energyDetectionConfig, as the text in TS37.213:
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 
Some companies think it is useful for UE to send its own EDT in UL to network in order to optimize energyDetectionConfig. We think access successful rate and LBT detection result would be used to optimize energyDetectionConfig. The channel is considered to be idle if the energy detected by UE is less than energy detection threshold, i.e. EDT in UL. Otherwise, the channel is considered busy. Therefore, if the EDT in UL is set by UE a little bit higher than normal, channel is more likely to be considered as idle, but it may lead to access failure due to incorrect LBT detection result. On the contrary, if the EDT in UL is set lower, most of time channel is more likely to be considered as busy which will lead to more LBT detection failure. Network can count access successful rate and LBT detection result for a period of time and set a suitable energyDetectionConfig to achieve balance between access successful rate and LBT detection result, i.e. EDT in UL is not needed to optimize energyDetectionConfig.
Some companies believe EDT in UL can be used to detect the strength of signal, but we think RSSI measurement result has been introduced for Signal Strength in RLF Report, so, EDT in UL is not needed.
Observation 3: Access successful rate and channel occupation detection result shall be used to optimize energyDetectionConfig rather than EDT in UL.
Proposal 3: It is proposed to not include EDT in UL in RLF Report.
As to introducing an indicator in RLF Report for each LBT result, We think maybe the number of LBT failure is enough to detect the impact of LBT when RACH to target cell. One bit to indicate each LBT success or each LBT failure may be too detailed.
Proposal 4: It is proposed to not introduce an indicator in RLF Report for each LBT result.
For the following open issue:
· FFS on whether to enable a UE-based solution or a NW-based solution to inform the source gNB of a handover about DL LBT issues occurring at the target gNB, during a handover execution.
The CCA case is mentioned in last RAN3 meeting. When UE handover to a cell on a frequency subject to CCA (Clear Channel Assessment), neither network nor UE can know the failure is caused by LBT failure. Network does not transmit SSB which may cause UE access failure but network does not know which UE has been impact. UE may also do not know the absent SSB is caused by DL LBT failure because UE cannot sync to network and do not know the reason.
Observation 4: Both UE and network cannot detect the DL LBT issue for CCA.
During RACH procedure, network shall perform DL LBT before sending MSG2 when receiving MSG1. While for contention-based RACH, network does not aware of UE ID at that time and cannot record DL LBT failure information. After receiving MSG3, network can identify the UE ID and begin to record LBT failure information. So, for contention-based RACH procedure, target RAN node may be not able to collect complete LBT failure information.
Observation 5: During contention-based RACH procedure, target RAN node may be not able to collect complete LBT failure information.
Proposal 5: It is proposed not to introduce DL LBT failure because network cannot detect DL LBT issue for Observation 4 and Observation 5 cases.
1.2 MLB for NR-U
WA: a gNB sends in resource status reporting via Xn an EDT UL that reflects at least the maximum EDT UL configured for the UEs. FFS on whether the EDT UL sent over Xn can also consider the EDT UL reported by UEs.
If the maximum EDT UL configured by gNB is per cell, gNB can indicate maximum EDT UL to neighbor. If the maximum EDT UL configured by gNB is per UE in a cell, gNB can indicate average EDT UL to neighbor. It is up to gNB configuration and UE does not need to report actual EDT UL. Even if UE reports exact value of EDT in UL, it still an average EDT value transfer between Xn. The exact value of EDT in UL reported from UE becomes a not exactly accurate value. We do not need to introduce Uu enhancement only for neighbor to know more accurate EDT in UL (not an exactly accurate value).
Proposal 6: Do not need to report EDT in UL from UE. And update the EDT in UL to cover maximum case.
Continue to discuss on the need for reporting EDT UL over F1.
CU has no information about maximum and average EDT in UL since the energyDetectionConfig-r16 is configured to UE by ServingCellConfig which is generated by DU and transparent to CU. So, CU needs to obtain energyDetectionConfig-r16 from DU explicitly and further transfers it to neighbor cells.
Proposal 7: It is propose to report EDT in UL from DU to CU over F1.
Continue to discuss on additional load metrics for NR-U.
A)	COT percentage neighbor cells
B)	Radio Resource Status per NR-U Channel 
C)	CAC per NR-U Channel
For a): The NR-U channel can be occupied/shared by more than one cells e.g., cell 1 and cell 2 shared NR-U channel 1. In mostly case, neighbour cell 3 will receive two cell measurement result items that indicate the COT and EDT of cell 1 and cell 2 about NR-U channel 1, respectively. And neighbour cell 3 can consider them together.
For example, neighbour cell 3 receives load information of cell1 including (NR-U channel 1: COT 20%, EDT -80) and load information of cell2 (NR-U channel 1: COT 80%, EDT -70), neighbour cell 3 may decide not to offload traffic to cell 2 and choose cell 1 as target cell. In general, neighbour cell 3 does not care about NR-U is occupied by which cells. It only considers whether this cell is frequently occupied by NR-U by analyse COT and EDT and perform offloading accordingly. 
Proposal 8: It does not need to report COT for neighbour cells per NR-U because neighbour cell does not need to know which cells occupied this NR-U.
[bookmark: _GoBack]For b), there is only the case that whether the cell has been occupied by NR-U or not. If cell has been occupied by NR-U identified by COT and EDT, no matter how many resources has been occupied by NR-U, this cell will not be used for offloading. If we want to use the left resource in the cell in case this cell has been occupied by NR-U, the EDT should be increase to allow more UE access. Network can identify offload cell by comparing COT and EDT since R17. If we also introduce Radio Resource Status per NR-U Channel, the COT and EDT are meaningful less. Same understanding also for C)
Proposal 9: Network can identify offload cell by comparing COT and EDT between neighbor cells since R17. No need to introduce Radio Resource Status per NR-U Channel.
Conclusions
Observation 1: It does not need to optimize handover configuration for the failure caused by NR-U.
Observation 2: RAN3 have agreed to introduce consistent LBT failures in RLF Report and RA report which can separate mobility related errors from the LBT-related ones and LS to RAN2 has been sent. 
Proposal 1: based on observation 2, RAN3 have finished the task on how to separate mobility related errors from the LBT-related ones. How to introduce consistent LBT failures is up to RAN2.
Proposal 2: We do not agree to introduce waiting time in UL for the following two reasons: 
1. It is hard to define waiting time in UL.
2. Waiting time in UL due to LBT is also used to separate mobility related errors from the LBT-related ones. We have agreed to introduce the indication of consistent LBT failure, so waiting time in UL is not needed.
Observation 3: Access successful rate and channel occupation detection result shall be used to optimize energyDetectionConfig rather than EDT in UL.
Proposal 3: It is proposed to not include EDT in UL in RLF Report.
Proposal 4: It is proposed to not introduce an indicator in RLF Report for each LBT result.
Observation 4 both UE and network cannot detect the DL LBT issue for CCA.
Observation 5: During contention-based RACH procedure, target RAN node may be not able to collect complete LBT failure information.
Proposal 5: It is proposed not to introduce DL LBT failure because network cannot detect DL LBT issue for Observation 4 and Observation 5 cases.
Proposal 6: Do not need to report EDT in UL from UE. And update the EDT in UL to cover maximum case.
Proposal 7: It is propose to report EDT in UL from DU to CU over F1.
Proposal 8: It does not need to report COT for neighbour cells per NR-U because neighbour cell does not need to know which cells occupied this NR-U.
Proposal 9: Network can identify offload cell by comparing COT and EDT between neighbor cells since R17. No need to introduce Radio Resource Status per NR-U Channel.
TP for TS 38.423
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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
	
	[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 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
	O
	
	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 for UEs that transmit to the serving cell. Value 100 indicates that the channel resources have been utilized for UL traffic served by the corresponding NR-U Channel of the serving cell for the whole duration between consecutive reporting.

	YES
	ignore

	>>>>Energy Detection Threshold UL
	O
	
	INTEGER (-100..-50,…)
	Average or maximum ED Threshold used for UL channel sensing as available at the gNB. Value is in dBm. 
	YES
	ignore



[bookmark: _Hlk131494824]Editor’s note: FFS on whether the value for the Energy Detection Threshold UL in RESOURCE STATUS UPDATE can be obtained by the gNB in an implementation specific way and/or based on Energy Detection Theshold UL provided by the UEs.
TP for TS 38.473
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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
	O
	
	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 for UEs that transmit to the serving cell. Value 100 indicates that the channel resources have been utilized for UL traffic served by the corresponding NR-U Channel of the serving cell for the whole duration between consecutive reporting.
	YES
	ignore

	>>>>Energy Detection Threshold UL
	O
	
	INTEGER (-100..-50,…)
	Average or maximum ED Threshold used for UL channel sensing as available at the gNB. Value is in dBm. 
	YES
	ignore
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