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Introduction
[bookmark: _Ref178064866]During RAN3-113e a discussion on NR-U was carried out. Some agreements were taken while some other parts were left as to be continued.
The agreements so far are listed below:
Agree to the introduction of the following metrics to the Resource Status Indication and Resource Status Reporting procedures over Xn:
-	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
Details on the metrics definition is FFS
Agree that the metrics above are collected at RAN level and have no UE impact
 
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
To be continued…

In the SoD for NR-U discussions in R3-214328 the following “to be continued” points are also captured:

It is proposed to continue discussions on the possible inclusion of Channel Occupancy measurements on following basis:
3 types of channel status times have been identified
1)	The channel is free i.e., the measured RSSI by the Cell is below the threshold 
2)	The channel is used by the Node or one of the served UE: during this time, the Cell or a served UE is transmitting. This can be UL or DL. 
3)	The channel is used by neighbour UE or Node, i.e., the measured RSSI is above the threshold. 
Regarding 1) is this also the time when NR-U resources are used by the measuring node?
Regarding 3) 
-	is there a time when LBT is carried out but the RAN node, but where the RAN node does not use the NR-U resources in case of successful LBT?
-	If the channel is used by neighbor UE or node, isn’t the channel busy for the UE or node of interest i.e., isn’t 3) the complement of 1)?
 To be continued...
The discussion on the addition of the LBT configuration parameters as part of the Resource Status Indication and Resource Status Reporting need to be continued
· How can the information help to make a better load balancing decision?
· How can the information help adjusting own NR-U LBT configuration?
 To be continued...
In this paper support for NR-U in MLB and MRO are treated and proposals for solutions are made. 
Discussion
NR-U support in MLB
Let us tackle the following points first.
------------------MLB points to be continued start------------------

3 types of channel status times have been identified
1)	The channel is free i.e., the measured RSSI by the Cell is below the threshold 
2)	The channel is used by the Node or one of the served UE: during this time, the Cell or a served UE is transmitting. This can be UL or DL. 
3)	The channel is used by neighbour UE or Node, i.e., the measured RSSI is above the threshold. 
Regarding 1) is this also the time when NR-U resources are used by the measuring node?
Regarding 3) 
-	is there a time when LBT is carried out by the RAN node, but where the RAN node does not use the NR-U resources in case of successful LBT?
-	If the channel is used by neighbor UE or node, isn’t the channel busy for the UE or node of interest i.e., isn’t 3) the complement of 1)?
------------------MLB points to be continued end------------------

A first observation to be made is that a RAN node or a UE performs an LBT check only when it has traffic to transmit. This can be seen in TS 37.213, where this is spelled out in different parts, but where the most generic definition is the following:

-	A channel access procedure is a procedure based on sensing that evaluates the availability of a channel for performing transmissions. The basic unit for sensing is a sensing slot with a duration . The sensing slot duration  is considered to be idle if an eNB/gNB or a UE senses the channel during the sensing slot duration, and determines that the detected power for at least  within the sensing slot duration is less than energy detection threshold . Otherwise, the sensing slot duration  is considered to be busy.
An LBT check to assess whether the channel is free or occupied is only performed if the UE or the RAN has traffic to transmit.

Hence, 1) and 2) in the above MLB points to be continued, point to the same time window. Namely the occasions when a RAN node or one of its served UEs check if the NR-U channel is free coincide with the occasions when the channel is used by the Node or one of the served UEs.
The occasions when a RAN node or one of its served UEs check if the NR-U channel is free coincide with the occasions when the channel is used by the RAN node or one of the served UEs.

As a result, a RAN node can be aware of the following pieces of information concerning NR-U resources:
a) The number of successful LBT checks, which led to traffic transmission. 
b) The RAN node and the UE are also aware of the amount of time during which the channel was utilised by them and the amount of resources that were utilised during such time
c) The number of unsuccessful LBT checks, which led to failure to transmit buffered traffic.
The main objective of MLB signalling procedures is to signal from a RAN node 1 to a neighbour RAN node 2 what are the resources available to a potential target cell of RAN node 1, so that RAN node 2 can take mobility load balancing decisions towards the potential target cell.
The main objective of MLB signalling procedures is to gather information about available resources at a potential mobility target cell.

The information in a), b) and c) above are not sufficient to let RAN node 2 understand the available resources at a target cell in RAN node 1. In order to gain such understanding RAN node 2 would also need to know 
d) The LBT Backoff time, namely the amount of time a RAN node waits before potentially starting the next LBT process. This amount of time may be deduced from TS37.213 by means of parameters such as the “contention window” and the “defer duration”. Knowing this itme window would help understanding the total time during which RAN node 1 could not access the channel

e) The LBT sensing duration, namely the amount of time during which the RAN/UE have sensed the channel to determine that it is available or occupied. This parameter is useful because it represents the only time during which the RAN/UE have been measuring the NR-U channel. For example, if the LBT backoff time is of 100 ms, but the sensing time is of 2 ms, an LBT failure means that the UE/RAN node sensed the channel for 2 ms, determined that the channel is not accessible and started a backoff timer for the next LBT check. Nothing precludes that the channel was available for the 98 ms after the sensing duration.	

f) The energy detection threshold used in the LBT procedures. This information constitutes the RSSI threshold below which a channel is considered available. It is useful for a RAN node to know the LBT threshold of a neighbour node because it gives an estimate of the quality of NR-U resources at the target cell. A very high threshold, for example, means that even when the channel is available there could be high interference
In current signalling to support MLB the time between consecutive Xn: Resource Status Update is fixed. The period for the Resource Status Update messages can be taken as a reference and the time durations described in b) can be given as a percentage of the Resource Status Update period.
With the above elements at hand, the following solution can be proposed to enhance the Xn: Resource Status Update procedure. The solution would be based on signalling information a) to d) above. One possible encoding is shown below:

	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
	
	
	
	

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

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

	>>>>Number of Successful LBT
	M
	
	INTEGER (1..4095,...)
	The number of LBT processes that returned a free channel 
	
	

	>>>>Channel occupancy time percentage
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for traffic served by the corresponding cell
	
	

	>>>>Number of Un-successful LBT
	M
	
	INTEGER (1..4095,...)
	The number of LBT processes that returned an occupied channel 
	
	

	>>>>LBT Backoff Time
	M
	
	????
	The minimum in us time between LBT processes 
	
	

	>>>>LBT Sensing Duration
	M
	
	INTEGER (0..100,…)
	The time in us during which channel sensing is carried out
	
	

	>>>>Energy Detection Threshold
	M
	
	INTEGER (-100..-50,…)
	Value is in dBm
	
	



With the above proposed solution, a RAN node receiving the information listed is able to understand, on a per neighbour cell basis:
· The time during which an NR-U channel was used for data transmission
· The amount of resources utilised and the CAC during the time when the channel was in use
· The amount of time during which the channel was not available, which is equal or higher than the number of Failed LBT multiplied by the backoff time
· The number of LBTs that succeeded vs the number of LBT that failed. This is a good metric to derive channel availability
· The maximum level of interference that could be experienced at the concerned cell during channel occupancy

It is proposed to adopt the solution described above to support NR-U in MLB. 

NR-U support in MRO
The following was agreed in RAN3:
It is agreed that HO failure cases are prioritized when analysing whether MRO needs improvements for NR-U deployments
The above agreement came from discussions presenting the case where an HOF occurs due to persistent LBT failure. In this case it has been claimed that MRO is not able to distinguish whether the HO failed due to badly configured mobility parameters or whether the HO failed because of persistent NR-U channel occupancy (LBT failure). In HOF cases, the RLF Report form the UE does not report any information about the nature of the failure, i.e. LBT.
On the contrary, the case of RLF due to LBT failure seems to be already taken into account in the current specifications, as a UE can report the lbtFailure-r16 cause as part of the RLF Report, in case of RLF.
In order to figure out what information should be included in the RA/RLF report, TS 38.321 (MAC specification) needs to be reviewed, which captures the UE behavior when LBT occurs. 
In this context, analysing RACH procedures and the content of RA Reports is relevant because HO failures are triggered because of failed RACH access to a target cell, which should be a piece of information reported in the RA Report.

In an NR-U, the UE may initiate random access in a SpCell upon experiencing “consistent LBT failures” in the SpCell. The “consistent LBT failures” event is triggered when the UE has experienced LBT issues in UL a “lbt-FailureInstanceMaxCount” number of times, wherein the time elapsed between each of such failed transmission attempts is not larger than “lbt-FailureDetectionTimer”. Once a “consistent LBT failure” event has occurred, the UE performs a random access in another UL BWP configured with RACH resources for which consistent LBT failure has not been triggered yet. Once consistent LBT failure has been triggered in all UL BWPs configured with PRACH occasions on same carrier of the SpCell, then the UE declares RLF.
From the above procedure, we first realize that the RA-Report does not include any indication that the RA was initiated due to consistent LBT failure. This could be useful to troubleshoot RA failures due to LBT.
[bookmark: _Toc85713208]Propose to RAN2 to introduce a new indication in the RA Report to describe that the RA was initiated by a “consistent LBT failures” in the SpCell.
We also note that in case the consistent LBT failure was triggered while the UE was performing a random access, the UE would need to change (according to the procedure described above) the UL BWP where to continue the RA. However, in the current RA-Report, it is not possible to represent multiple BWPs. All the parameters within the RA-InformationCommon are specific for one BWP, and there is no possibility to express such multiple BWPs. We also note that in the context of NR-U, if a random access procedure fails the UE does not necessarily end up in RLF, it may instead initiate another random access procedure in another BWP if the number of LBT failures is still below the “lbt-FailureInstanceMaxCount”.
[bookmark: _Toc85713193]In NR-U, if a random access procedure in an UL BWP fails, the UE may not trigger RLF. It may instead initiate a new random access procedure in another UL BWP if the number of experienced LBT failures is still below the configured “lbt-FailureInstanceMaxCount”.
Hence, the above observation implies that it would be beneficial for the network if the UE could include in the RA-Report also those random access procedures that failed due to “consistent LBT failures”, not only the successful random access procedures as it is in the current legacy specification. 
[bookmark: _Ref85536317][bookmark: _Toc85713209]Propose to RAN2 to includes in the RA-Report an indication of random access procedure that failed due to “consistent LBT failures”.
Given that in case of RACH access failure and consequent HOF, the RA Report will be embedded into the RLF Report, the RAN would have all the information needed to determine whether the HOF was caused by consistent LBT failure.
Therefore, it is proposed to send an LS to RAN2 suggesting that the RA Report is enhanced with information about NR-U and in particular on RACH failure due to consistent LBT failure.
Proposal 4: It is proposed to LS RAN2 and ask whether enhancements of RA Reports to indicate consistent LBT failure events are feasible.
Conclusion
This paper analysed cases of NR-U support in MLB and MRO. The following Observations and proposals were derived:


1. An LBT check to assess whether the channel is free or occupied is only     performed if the UE or the RAN has traffic to transmit.
The occasions when a RAN node or one of its served UEs check if the NR-U channel is free coincide with the occasions when the channel is used by the RAN node or one of the served UEs.
The main objective of MLB signalling procedures is to gather information about available resources at a potential mobility target cell.
In NR-U, if a random access procedure in an UL BWP fails, the UE may not trigger RLF. It may instead initiate a new random access procedure in another UL BWP if the number of experienced LBT failures is still below the configured “lbt-FailureInstanceMaxCount”.

1. It is proposed to adopt the solution described above to support NR-U in MLB. 
Propose to RAN2 to introduce a new indication in the RA Report to describe that the RA was initiated by a “consistent LBT failures” in the SpCell.
Propose to RAN2 to includes in the RA-Report an indication of random access procedure that failed due to “consistent LBT failures”.



