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1	Introduction
[bookmark: _Toc474247438]At RAN3 #113-e, a way forward has been decided regarding the load reporting for NR-U:
- To report, as part of load information for cells supporting NR-U, information about the time when the cell resources of the NR-U cell were accessible, i.e. when access to such resources by means of LBT was successful
- During the time when NR-U resources are accessible, to report load metrics currently in the Xn: Resource Status Update 
- To report such load metrics on a per cell and per NR-U channel (20MHz) granularity
Also, in the summary of the discussion [1], a possible format for the load information was proposed. This structure contains several FFSes, which we address in this paper.
The following were also agreed:
It is agreed that RAN3 analyses the applicability of the current MRO solution to NR-U. 
· Shortfalls in the MRO solution with respect to NR-U deployments should be identified (if any)
· Solutions (if any) should be described and possibly agreed
· Once the use case and needed solutions are identified, RAN3 should involve RAN2 for further progress and convergence 
It is agreed that HO failure cases are prioritized when analysing whether MRO needs improvements for NR-U deployments.

2	Discussion
2.1	MLB
The proposed load reporting format is as follows:
	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

	
	–
	

	>>NR-U Channel List
	
	0..1
	
	
	
	

	>>>NR-U Channel Item
	
	1..<maxnoofNR-UChannels>
	
	
	
	

	>>>>NR-U Channel
	M
	
	FFS
	The NR-U channel utilised in the last reporting period [FFS]
	
	

	>>>>Channel Availability [FFS if Channel Occupancy should be signalled instead]
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been available, e.g. due to successful LBT [FFS]
	
	

	>>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
	
	–
	



The occupancy and availability of the medium shall be related to each other, i.e. the percentages shall sum up to 100. Considering this, it does not seem that relevant which one is used. However, considering that other resources, e.g. Radio Resource Status, provide information on the consumed resources, it may be more logical to use the Occupancy instead of the Availability.
Proposal 1-1: NR-U medium occupancy is used.
The term “NR-U channel” does not seem to be used in RAN2 yet. On the other hand, most measurements are done at the cell level. Also, in UL, according to the TS 38.321, LBT are counted per BWP. These are then summed up per serving cell. In DL though, according to the TS 37.213, a shared channel is referred to and this corresponds to the 20 MHz NR channel. 
Proposal 1-2: RAN3 may assume the NR-U measurements are made per 20 MHz NR channel. RAN3 may consult RAN1 and RAN2, if needed.
Also, according to the TS 38.321, in UE side, for UL, the LBT failures are reported from the lower layers to MAC. In case LBT fails, the MAC tries again until the configured timer expires or configured number of LBT attempts is reached. Then, RLF is declared and the network is informed once the connection is re-established. For DL, the best way to measure occupancy is to estimate the percentage of time during which the channel is “busy”. This can be done by sensing if the energy that channel exceeds given threshold XThresh., the measurement of the occupancy is performed at antenna on network side. The goal is to provide an estimation of the load of the medium from radio point of view based on the amount of time the medium is considered as “busy” (XThresh on any of the channels used for the transmission above the limit). 
[bookmark: _Hlk85703703]Note that the gNB may not constantly measure the medium and as a consequence the measurement is an estimation of the occupancy time. The gNB is free to choose the way to estimate the occupancy based on its measurements.
Proposal 1-3: It is clarified that the occupancy indication is based on the percentage of time during which the medium is considered “busy” (energy is exceeding XThresh level). RAN3 may consult RAN1 and RAN2, if needed.
2.2	MRO
Mobility Robustness Optimization (MRO) aims to optimize the handover parameters being responsible for the optimal timing of the handover process. MRO may utilize RLF reports by analysing the causes of radio link failures and handover failures. In NR-U access in the uplink and downlink can be delayed due to LBT. Since delayed signaling or reporting may impact the handover procedure, handover procedures in NR-U follow a pre-configuration principle, as in CHO, where a UE is pre-configured with a handover condition and executes the handover when the condition is satisfied. 
In NR-U, event-triggered messages may suffer from waiting periods before getting channel access. Those waiting periods may interfere with the handover timing and may cause RLFs which would not happen without this waiting. However, with existing mechanisms MRO may not properly work in NR-U, since the network does not know whether the failure was caused by additional delays introduced by failed LBT attempts in shared spectrum. We illustrate this problem through an example illustrated in Figure 1. 

In the example, it is assumed that A3 measurement event will trigger both preparation and execution in a CHO handover. The corresponding A3 measurement events in the figure are called A3_prep_offset and A3_exec_offset. Figure 1 also shows the RSRP measurements (in NR the SSB-RSRP) over time (t) for a moving UE, where the blue line represents the RSRP values the UE is measuring from its Serving Nell (Cell 1) before handover, while green and yellow lines represent Neighbour Cell measurements, namely from Cell 2 and Cell 3 respectively. Figure 1 also shows the impact of channel access delays due to LBT in the different phases of a CHO handover. 
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Description automatically generated]
[bookmark: _Ref78209067]Figure 1 Timing aspects of CHO mobility for NR-U
[bookmark: _Hlk78268260]At time instant t1, the Neighbour Cell fulfills the entering criterion of the A3_prep measurement event, namely the Neighbour Cell is less than A3_prep_offset below serving cell (Cell 1) signal strength. If the measurements continuously fulfill the conditions for the time-to-trigger (TTT), this event will be reported to the serving cell.
At time instant t2, the TTT timer expires which means that the neighbouring signal strength fulfills the criterion over TTT and UE has to send a measurement event report. However, in NR-U a UE, before accessing the shared channel, has to first perform an LBT to meet the co-existence requirements. In this example, we assume that UE performs LBT which fails continuously until time instance instant t3. Therefore, t2 is the first instance when UE would have wanted to send the measurement report to the network and t3 is the actual time when UE succeeded to send the report. Therefore the time t3-t2 shows the amount of accumulated delay related to failed LBT attempts by the UE to send the measurement report.
Subsequently, the network starts the preparation phase with preparing the target cell(s). Since measurement event report includes a list of Neighbour Cell measurements, it is up to the network to decide how many target cells it prepares. As an example, it can prepare either only Cell 2 (green line) or only Cell 3 (yellow line) or both of those cells. The time taken in preparation is illustrated by the blue area and is calculated as t4-t3.  
At time instant t4, Handover preparation has been completed and UE has to be configured for handover execution with an RRCConfiguration w/ condRRCReconfig message. Even though time instant t4 is the first attempt to send the message, if channel is occupied by another node operating on the same unlicensed band, it will not be possible. Instead, this may lead to another waiting period due to LBT attempts which will delay the UE configuration message. Assume that successful transmission of the configuration message after the waiting time due to LBT happens at t5.Then the downlink delay caused at gNB due to LBT is captured by t5-t4. After t5 UE evaluates the target cell according to the execution trigger criterion. This could be another A3 event, like in our example, A3_exec_offset. 
Suppose that Cell 3 (yellow line) fulfils the entering condition and could be prepared with first event reporting. At t6 preparation is completed. Preparation should not start too early since it could lead to unnecessary cell preparations with waste of resources. However, the additional channel access delays due to LBT make it difficult for the network to determine or predict when to start the preparation. Channel access delay due to LBT can be much longer than anticipated which could lead to UE failure if CHO configuration for execution is too late.  
At time instant t7, Cell 3 fulfils the entering condition for handover execution which is determined through the A3_exec_offset. Measurement criterion is observed for TTT time before the handover is finally triggered. Next, the UE will detach from the Serving Cell (blue line) and will sync with the new target cell through a RACH procedure (2-step or 4-step RACH procedure). 
At time instant t8, the UE disconnects from the Serving Cell (blue line) and performs LBT to initiate its RACH procedure. This will lead to an additional uplink channel delay due to LBT. Assuming 2-step RACH in Figure 1, MSGA is successful before t9, when gNB performs LBT to send MSGB in the DL. gNB finally manages to successfully send MSGB after another channel access waiting time in the downlink (t10 – t9).
The example illustrates that in NR-U, there can be significant delays both in the uplink and downlink direction. In the uplink the delays are due to UE LBT and in the downlink the delays are introduced by the network when it performs LBT for its own transmissions. Since LBT may be performed and may fail many times before channel access is granted, the delays are additive. The induced delays may include one or more failed LBT attempts and can be responsible for RLFs during the handover process. The error cause lbtFailure in the RLF is reported by a UE if it detects consistent uplink LBT failures. For an RLF report with cause lbtFailure is a clear indication that the failure does not result from handover parameter setting and, therefore, MRO would not help either. However, in general, MRO cannot know if RLF happened due to the additional delays introduced by LBT and LBT failures which do not directly result in lbtFailure. The induced delays may depend on the cell load situation or on the channel access method. Therefore, the LBT waiting periods can also be negligible in which case the failures can be due to real mobility failures where MRO could help in NR-U also.  
Observation 2-1: With current mechanisms and UE reporting, a network does not know if the mobility related failures are due to the waiting time introduced by LBT and, therefore, if an MRO solution is applicable. 
Observation 2-2: In order to support MRO in NR-U, network needs more information about the LBT impacts in the RLF report (details are FFS).
Observation 2-3: Mobility process consists of both UL and DL signaling which might be affected by LBT and is, therefore, to be measured and logged at UE or network, respectively.
[bookmark: _Hlk85670576]Proposal 2-1: We propose to send an LS to RAN2 to ask RAN2 to further study the need of additional UE measurements in the RLF report for the purpose of improving the NR-U MRO solution. Measuring and logging of waiting time information at the UE in the RLF report seem necessary for NR-U MRO.
3	Conclusions
In this paper, we address the “FFS” statements left after the last meeting related to the load reporting for MLB. We also address the MRO part of the discussion.
Regarding the MLB, we make following proposals:
Proposal 1-1: NR-U medium occupancy is used.
Proposal 1-2: RAN3 may assume the NR-U measurements are made per 20 MHz NR channel. RAN3 may consult RAN1 and RAN2, if needed.
Proposal 1-3: It is clarified that the occupancy indication is based on the percentage of time during which the medium is considered “busy” (energy is exceeding XThresh level). RAN3 may consult RAN1 and RAN2, if needed.
For MRO, we have two observations and a proposal:
Observation 2-1: With current mechanisms and UE reporting, a network does not know if the mobility related failures are due to the waiting time introduced by LBT and, therefore, if an MRO solution is applicable. 
Observation 2-2: In order to support MRO in NR-U, network needs more information about the LBT impacts in the RLF report (details are FFS).
Observation 2-3: Mobility process consists of both UL and DL signaling which might be affected by LBT and is, therefore, to be measured and logged at UE or network, respectively.
Proposal 2-1: We propose to send an LS to RAN2 to ask RAN2 to further study the need of additional UE measurements in the RLF report for the purpose of improving the NR-U MRO solution. Measuring and logging of waiting time information at the UE in the RLF report seem necessary for NR-U MRO.
Draft of the LS is proposed below.
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1. Overall Description:
Mobility Robustness Optimization (MRO) aims to optimize the handover parameters being responsible for the optimal timing of the handover process. MRO may utilize RLF reports by analysing the causes of radio link failures and handover failures. In NR-U, access in the uplink and downlink can be delayed due to LBT. The error cause lbtFailure in the RLF is reported by a UE if it detects consistent uplink LBT failures. For an RLF report with cause lbtFailure is a clear indication that the failure does not result from handover parameter setting and, therefore, MRO would not help either. However, in general, MRO applied in CHO, cannot know if RLF happened due to the additional delays introduced by LBT and LBT failures which do not directly result in lbtFailure or due to real mobility failures where MRO could help in NR-U also.

2. Actions:
To RAN2: RAN3 kindly asks RAN2 to enable additional UE measurements in the RLF report for the purpose of improving the NR-U MRO solution: waiting time information caused by LBT related to mobility signaling and to the medium access.
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