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1. Introduction
In this contribution we provide further discussion on the open point related to NR-U enhancements for MRO and MLB, based on the progress reached at last RAN3#119-bis-e meeting.
Support for NR-U in MRO
At last meeting the following was agreed:
Enhancements of RLF reports and RA reports are beneficial to separate mobility related errors from the LBT-related ones.
Since RAN2 is already discussing RLF reports and RA report enhancements concerning LBT failures in RA procedures, it has been agreed to furter discuss this aspect based on progress in RAN2:
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.
For the same topic the open points are:
Continue to discuss on the addition to RLF report of information determining the outcome of the channel access procedure, with focus on EDT UL.
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.

Support for NR-U in MLB
In relation to support for NR-U in MLB, it has been agreed that:
The presence of COT percentage UL in F1 is optional. 
and the following WA made:
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.
For the same topic the open points are:
FFS on whether the EDT UL sent over Xn can also consider the EDT UL reported by UEs.
Continue to discuss on the need for reporting EDT UL over F1.
Continue to discuss on additional load metrics for NR-U.
2. Discussion
2.1. Enhacements to consider UL LBT failures
In previous meetings, various companies have shown interest in improving RLF reports and RA reports with information related to EDT in UL. However, no consensus could be achieved so far.

RAN2 is discussing improvements for RA report and in the R2-2304200 the following proposals are being discussed.

[bookmark: _Toc132946384]Proposal 4  For the other BWPs in which the UE experienced the consistent LBT failure, the UE logs in the RA-InformationCommon: 
a. [bookmark: _Toc132946385]The locationAndBandwidth information of the BWP
b. [bookmark: _Toc132946386]The subcarrierSpacing information of the BWP
c. [bookmark: _Toc132946387]The absoluteFrequencyPointA information of the BWP (logged once for all the BWPs of the cell)
[bookmark: _Toc132946388]Proposal 5 For the other BWPs in which the UE experienced the consistent LBT failure, the UE logs the number of LBT failures experienced in each BWP during the RA.

According to TS 37.213, clause 4.0, a shared channel is detected as available if

the detected power for at least  within the sensing slot duration is less than energy detection threshold .

TS 37.213, clause 4.2.3, also indicates that the EDT used by the UE in UL shall be less than or equal to a maximum:

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 maximum EDT UL can be configured by the network, or determined by the UE according to a procedure detailed in the same TS 37.213, clause 4.2.3.1 (Default maximum energy detection threshold computation procedure):

 is determined as follows:
-	If the UE is configured with higher layer parameter maxEnergyDetectionThreshold-r14 or maxEnergyDetectionThreshold-r16, 
-	 is set equal to the value signalled by the higher layer parameter;
-	otherwise
-	the UE shall determine  according to the procedure described in clause 4.2.3.1;
…
When the shared channel is detected as busy (i.e. the LBT procedure fails) there can be different scenarios, depending on the values of ”Detected power”, ”Applied EDT UL” and ”Max EDT UL”, as shown in the figure below (for completeness, also the cases of successful LBT procedure are shown).
[image: ]

We think that the optimal way would be that the UE reports to the gNB (e.g., in RA reports and RLF reports) all the quantities that determine whether an LBT fails or succeed. Since the values of the measurements can vary quite often, reporting an average would be fine. For example, for an RA procedure (i.e., with a per BWP granularity), the UE can report an average of the detected power, an average of the applied EDT UL and the configured max EDT UL. 
 
Proposal 1: Enhance RA report with the following information per BWP:
· average detected power
· average applied EDT UL
· configured maximum EDT UL

Proposal 2: Enhance RLF report with the following information per BWP:
· average detected power
· average applied EDT UL
· configured maximum EDT UL


In case Proposals 1 and 2 could not be agreed, as a compromise we could accept that the UE logs at least an information that allows the gNB to understand whether the impact of LBT failures depends on RAN configuration and if so try to adjust the maximum EDT in UL.

To futher clarify, if we observe scenarios 3, 4 and 5, in all cases the shared channel is busy, i.e., there is an LBT failure. However, the relation between the configured max EDT UL and the detected power is not always the same:
· In scenario 3: 			“max EDT UL > detected power”
· In scenario 4 and 5:	“max EDT UL < detected power”

In scenario 3, the LBT fails since the detected power is anyway higher than the applied EDT UL, but the failure does not depend on network configuration, so the network knows that it is not “responsible” for the failure, and the max EDT UL can be kept as is.

In scenarios 4 and 5, however, even if the applied EDT UL is not known, the network receives the information that “the configured Max EDT UL was lower than the detected power” it can understand that it can change the configured Max EDT UL (if it wants), e.g., to reduce the impact of LBT failures in RA procedures.

So, even if the quantities related to PHY measurements are not revealed, there is still some valuable information the UE can provide to the RAN. 
We propose that the RA report and the RLF report are enhanced with an indication, for example a flag, that is added to the RA report and the RLF report when an RA procedure failed due to consistent LBT failure, and “the configured max EDT UL was lower than the detected power”. Which value is to be used for the detected power - as reference for the comparison – can be discussed. For example, an average value, or the latest value.

Proposal 3: Add a flag in the RA report to indicate that, for a certain RA procedure, the configured maximum EDT UL was lower than the detected power. FFS on the value to use as reference for “detected power” (e.g., the latest detected power).

Proposal 4: In case of RLF due to handover failure, add a flag to indicate that, for a certain RA procedure, the configured maximum EDT UL was lower than the detected power. FFS on the value to use as reference for “detected power” (e.g., the latest detected power).

Since the Max EDT UL can be configured per UE, and the network may have change it when the RA report or the RLF report are received, it is also good to also include in the RA report and RLF report the configured Max EDT UL.

Proposal 5: Enhance RLF report and RA report to include the configured Max EDT UL.


2.2. Enhacements to consider DL LBT failures
The following point is TBC from previous RAN3 meetings:
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.

First, we recall again the agreement reached at last meeting:

Enhancements of RLF reports and RA reports are beneficial to separate mobility related errors from the LBT-related ones.

In case of handover execution failure, the expiry of T304 can be impacted by interruption times caused by missing DL reference signal transmissions. According to RAN4 specification TS 38.133 (see section 6.1B below), the UE is enabled to detect lack of DL reference signal transmissions while performing handover. Unavailable SMTC occasions impact the HO interruption time, and can contribute to the HO execution failure.

In the requirements of clause 6.1B.1, the term SMTC occasion not available at the UE refers to when the SMTC contains SSBs configured by gNB in a cell on a carrier frequency subject to CCA, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available at the UE due to DL CCA failures at gNB during the corresponding detection or time tracking period; otherwise the SMTC occasion is considered as available at the UE.
[bookmark: _Toc134532362]Observation 1: According to RAN4 specification (TS 38.133), the UE can detect if SMTC occasion are not available, which can impact the HO interruption time and contribute to the HOF. 

For the node analysing an RLF report, it would be very valuable to know if the UE detected the unavailability of the SMTC occasions, in order to evaluate the impact of DL issues in case of RLF due to Handover failure. This information can be used to avoid misclassifications of too-early HO or HO to wrong cell. For example, if the target node has problems in transmitting SSBs, then the UE fails during the HO execution, the UE can reestablish in the same source cell. This would be interpreted by the network as a too-early HO, and accordingly, the source node may tune the mobility parameters. However, the HO failure was not due to wrong mobility configuration, but due to DL LBT problems experienced maybe just temporarily during the HO. 

[bookmark: _Toc134532363]Observation 2: Information on unavailability of the SMTC occasions can help the network to avoid misclassification of RLF due to HOF, e.g., the network may classify an HOF as too-early HO and then tune mobility parameters, whereas the main problem during the HO was the DL LBT issues experienced by the gNB. 

Proposal 6: In case of RLF due to handover failure, add a flag to indicate that UE has detected unavailable SMTC occasions.

In case companies are not sure whether the UE is really capable to detect unavailability of SMTC occasion, we propose to send an LS to RAN4 asking for clarifications.
[bookmark: _Toc134532387]Proposal 7: If Proposal 6 cannot be agreed, RAN3 to send an LS to RAN4, to request if the UE is capable to detect unavailability of the SMTC occasions during HO to a target NR-U cell (LS available in the Annex).

According to one of the network-based approach proposed in the past meeting, the target node informs the source node of the presence of DL LBT issues. If this approach is used, the source node will receive two different “input”, one from the UE (the RLF report) and one from the target node, and the two information will need to be correlated. In this respect, we need to consider that, a UE-based solution has the advantage that the information to use is all available in the UE report and no effort is required for correlation. Consider also, that if the handover execution fails and the UE reconnects to a third node, the RLF report will not be fetched by the same target node, rather by the third node (and potentially up to 48 hours later than the actual handover). 
In any case, if the group thinks that the described network-based approach can be a viable solution, we think some further discussion is needed. 
A first aspect is that, considering a normal handover, when the handover execution starts, from a radio point of view, the source node sees the process somehow concluded. Then, the source will receive an indication (of DL LBT failure) without having asked for it, which does not facilitate the correlation.
Another aspect, which seems even more problematic, concerns the conditional handover. In this case, the target does not know in advance when it can expect the UE to perform the RA procedure, so it is not clear how the target can send an indication of the presence of DL LBT failure at the time of handover execution.
Observation 3: In case of conditional handover, the target node does not know in advance the time when the UE will perform CHO and hence correlation at the source node of the RLF logged by the UE during the CHO execution with the DL LBT failures information provided by the target node is not possible.

Proposal 8: RAN3 to discuss the mobility scenarios that can be addressed by a network-based solution.



2.3. NR-U related metrics for MLB
At the last meeting the following WA was minuted:
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.
Since different UEs can be configured with different maximum EDT UL, it should be clarified what “the maximum EDT UL configured for the UEs” really means. One possibility is that it represents the average of the the values configured for the UEs in a certain reporting period. This means: 
“EDT in UL reported via Xn” = average (configured max EDT UL values). 
Proposal 9: A gNB sends in resource status reporting via Xn an EDT UL that reflects the average of the maximum EDT UL configured for the UEs.

Since the maximum EDT UL is configured by the DU, the gNB-CU is not aware of that, and assuming that the EDT UL values are not provided in UE reports, the gNB-CU needs to receive it from the gNB-DU. 
Proposal 10: The gNB-DU sends in resource status reporting via F1 an EDT UL that reflects the average of the maximum EDT UL configured for the UEs.



Conclusion
This paper focused on NR-U enhancements in relation to MRO and MLB. The following observations and proposals were derived:
Proposal 1: Enhance RA report with the following information per BWP:
· average detected power
· average applied EDT UL
· configured maximum EDT UL

Proposal 2: Enhance RLF report with the following information per BWP:
· average detected power
· average applied EDT UL
· configured maximum EDT UL
Proposal 3: Add a flag in the RA report to indicate that, for a certain RA procedure, the configured maximum EDT UL was lower than the detected power. FFS on the value to use as reference for “detected power” (e.g., the latest detected power).

Proposal 4: In case of RLF due to handover failure, add a flag to indicate that, for a certain RA procedure, the configured maximum EDT UL was lower than the detected power. FFS on the value to use as reference for “detected power” (e.g., the latest detected power).

Proposal 5: Enhance RLF report and RA report to include the configured Max EDT UL.

Observation 1: According to RAN4 specification (TS 38.133), the UE can detect if SMTC occasion are not available, which can impact the HO interruption time and hence contribute to the HOF. 

Observation 2: Information on unavailability of the SMTC occasions can help the network to avoid misclassification of RLF due to HOF, e.g., the network may classify an HOF as too-early HO and then tune mobility parameters, whereas the main problem during the HO was the DL LBT issues experienced by the gNB. 

Proposal 6: In case of RLF due to handover failure, add a flag to indicate that UE has detected unavailable SMTC occasions.

Proposal 7: If Proposal 6 cannot be agreed, RAN3 to send an LS to RAN4, to request if the UE is capable to detect unavailability of the SMTC occasions during HO to a target NR-U cell (LS available in the Annex).

Observation 3: In case of conditional handover, the target node does not know in advance the time when the UE will perform CHO and hence correlation at the source node of the RLF logged by the UE during the CHO execution with the DL LBT failures information provided by the target node is not possible.

Proposal 8: RAN3 to discuss the mobility scenarios that can be addressed by a network-based solution.

Proposal 9: A gNB sends in resource status reporting via Xn an EDT UL that reflects the average of the maximum EDT UL configured for the UEs.

Proposal 10: The gNB-DU sends in resource status reporting via F1 an EDT UL that reflects the average of the maximum EDT UL configured for the UEs.



5	Annex – LS to RAN4
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]3GPP TSG-RAN WG3 Meeting #120		TDoc R3-23xxxx
Incheon, South Korea – May 22nd – May 26th 2023
Title:	[DRAFT] LS on unavailability of SMTC occasions in NR-U
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Rel.18
Work Item:	NR_ENDC_SON_MDT_enh2-Core

Source:	RAN3
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]To:	RAN4
Cc:	RAN2

Contact person:	Luca Lunardi (Ericsson)
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

1	Overall description
As part of the Rel.18 WI on “Further enhancement of data collection for SON MDT in NR and EN-DC”, RAN3 is discussing the possibility for the UE to include in the RLF-Report, which is generated upon an RLF due to HO failure, information on the unavailability of the SMTC occasions experienced during HO.
RAN3 would like to ask RAN4 clarifications on whether the UE is capable of detecting the unavailability of the SMTC occasions during an HO to a target NR-U cell.
2	Actions
To RAN4 
ACTION: 	RAN3 respectfully asks RAN4 to clarify whether the UE is capable of detecting the unavailability of the SMTC occasions during an HO to target NR-U cell.
3	Dates of next TSG-RAN WG3 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]RAN3#121		21 – 25 August, 2023	Toulouse, FR
RAN3#121-bis	09 – 13 October 2023	Xiamen, China
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