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1. Introduction
In this contribution we provide further discussion for a number of points left to be continued for NR-U. The parts greyed out have been covered by previous agreements.
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)

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

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 

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. 
2. Discussion
2.1. RA report and RLF report enhancements
Several points are still open after a few meetings, due to not enough time to discuss them. In this section, we provide further analysis for them.
Some RAN2 agreements, relevant for this discussion are reported below for reference:

Agreements from RAN2#119-bis-e:
	
1	The UE will log information of multiple RA procedures related to consistent LBT failures. FFS details.

	
Agreements:
1	Introduce a new raPurpose in the RA-Report to indicate that the RA was initiated following a “consistent LBT failures” in the SpCell.
2	RAN2 agree to log kind of “the number of LBT failures” in the RA report.
	LBT failure is the failure to access the channel before transmission.
The definition of “the number of LBT failures” should be clarified.
FFS how to log the number of LBT failures in the RA report.

Agreements from RAN2#121:

[bookmark: _Hlk131352631]1: 	Log the last successful RA procedure related information in the RA report. Only some information to be logged for multiple successive RA procedures failed due to LBT issue. FFS what information.



2.1.1. [bookmark: _Hlk131353942]Number of LBT failures
Regarding RA report enhancements related to: “information of LBT failures occurring during the RA procedure. FFS on the granularity of this information.”, it seems natural that “information of LBT failures” actually refers to “number of LBT failures” and this is consistent with RAN2 agreement. 

We note that the content of a RA report should respect the chronological order of the RA attempts, as indicated in TS 38.300:

The contents of the RACH information report comprise of the following:
-	Contention detection indication per RACH attempt;
-	Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts;
-	Indication whether the selected SSB is above or below the configured RSRP threshold per RACH attempt;
-	2-step RACH information as specified in clause 5.7.10.4 of TS 38.331 [12].

According to MAC specification, the following can happen when the UE attempts RA and more than one UL BWPs are defined: the UE starts a RA procedure in the first UL BWP; if consistent LBT failure is detected in the first UL BWP, the UE can start a new RA procedure using the second UL BWP. If consistent LBT failure is detected also in the second UL BWP, the UE can start a new RA procedure in the third UL BWP, and eventually using the fourth - and last – UL BWP. If consistent LBT failure is detected also for the last UL BWP, an RLF is detected.

There are two aspects which we think are important. The first is that, when the RAN node analyses an RA report for a UE operating in NR-U, it should be able to distinguish whether the RA procedure was affected by UL LBT failures or not, or there was a poor UL coverage problem.
Also, it is important that addition of information in RA report, is done in a way that does not break the principle reported in the stage 2 text, concerning the chronological order of attempts (RACH preambles sent on each tried SSB in chronological order of attempts). How to achieve that is left to RAN2 to decide. 

Observation 1: The legacy RA report contains information reported in chronological order of attempts (Indexes of the SSBs and number of RACH preambles sent on each tried SSB).


Therefore, we propose to extend the RA report so that the RAN can retrieve the number of LBT failures for all the UL BWPs. The details of the RRC signaling are to be decided by RAN2. In any case, we think that the legacy principle concerning the chronological order used in RA report (Indexes of the SSBs and number of RACH preambles sent on each tried SSB) should be maintained. 


Proposal 1: Extend the RA report such that the network can retrieve the number of LBT failures for all the UL BWPs without breaking the legacy principle of reporting in chronological order used in the RA report. Up to RAN2 to discuss the signalling details. 


Regarding RLF report enhancements, we can follow a similar logic as for the RA report. If a Radio Link Failure occurs during an HO and UL LBT failures were present, from MRO perspective, it is important for the RAN node analysing the corresponding RLF report, to decide whether the RLF report can be used for MRO purpose (to optimize the mobility trigger points), or – in case UL LBT failures occurred - the RLF report should not be used for MRO purposes, and the RAN can try, instead, to optimize the LBT configuration. 

At least for the case of RLF due to HO Failure, the UE logs an RLF report when Random Access fails towards the target cell, and the RLF report contains the same RA-InformationCommon IE that is also present in the RA report. Therefore, at least for the case of RLF due to HO failure, it seems natural to address the open point related to RLF report enhancement: “addition to RLF report of indications of number of consistent LBT failures and at which granularity (e.g., per BWP)”, in a similar way as for the RA report enhancement. 

In our understanding, for case of RLF at handover failure due to UL LBT, the UE tried RA preocedures in all UL BWPs and failed, and for each UL BWP there were at least as many UL LBT failures as given by lbt-FailureInstanceMaxCount, but there can be more. So, to understand the impact on UL LBT on RLF it makes sense that the UE logs the number of UL LBT failures occurred during the RA procedures performed in all UL BWPs. 

Proposal 2: Extend the RLF report to contain information that allows the RAN to deduce the number of LBT failures for all UL BWPs.


2.1.2. EDT UL for MRO
In this section we discuss the open points on RA report and RLF report enhancements related to: “addition of EDT in UL from UE (and which value, e.g., exact value, average, max)” and the RA report enhancement related to “addition of Measured RSSI”.

First of all, regarding the “Measured RSSI”, as stated in TS 37.213, the channel access procedure is based on the comparison between the detected power, and the energy detection threshold. Therefore, we continue our discussion referring to the detected power.

Observation 2: As part of the LBT procedure, a UE compares the detected power and the EDT.

As it has been discussed in previous meetings, a UE can be configured by the RAN with a maximum value for Energy Detection Threshol (EDT) and, when performing the channel access procedure, the UE actually applies a value that is lower than that. If the network receives an RA report which cannot be used for RA Optimization (as it is impacted by UL LBT failures) or an RLF report, which in a similar way, cannot be used for MRO purposed (as it is impacted by UL LBT failures), it would be good that RAN tries to optimize the LBT configuration instead.
As said, the access to the shared channel (at the UE side) depends on the comparison between the applied EDT and the power detected by the UE. Assuming that the RAN wants to reduce the number of LBT failures, it could try, for example, to optimize the maximum EDT. When an UL LBT failure occurs, the detected power is higher than (or equal to) the applied EDT. However, the RAN does not know the detected power, nor the applied EDT. So, RAN cannot take any decision on maximum EDT. 

To enable the above optimization, we propose that at least some average indications are provided. For example, the UE logs in RA report the average applied EDT value, and the average detected power, per RA procedure. 

Proposal 3: Extend the RA report to include the average applied EDT value and the average detected power, per RA procedure.

Regarding the enhancements for RLF report, at least for the case of RLF due to HO failure with the presence of UL LBT failures, we think that the same approach as described for the addition of the number of LBT failure can be used (e.g., RA-InformationCommon IE), so we propose to extend the RLF report to include the average applied EDT value. 

Proposal 4: Extend the RLF report to contain information that allows the RAN to deduce the average applied EDT value per RA procedure.



2.2. DL LBT failures in Handover
The following points are still open from previous RAN3 meetings:
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 

In relation to this, we analyse the problem of transmitting SSB at the target node, caused by DL LBT failures, from two different angles, which correspond to two different scenarios: an MLB-related scenario and a MRO-related scenario.

1) MLB-related scenario. This scenario looks at the problem from a statistical perspective, and it considers a period of time (reporting period) during which DL LBT failures may have impacted the transmissions of SSB in one gNB. 
2) MRO-related scenario. This scenario looks at the problem considering an individual handover, and it considers the impact of DL LBT failures in the transmission of SSB which can prevent a UE from successfully performing one specific handover, or at least impacting (delaying) a specific handover.


Regarding the first scenario (MLB-related scenario) we think it is beneficial for a source gNB to become aware of whether there are issues at the potential target gNBs to transmit SSB due to DL LBT failures when taking load balancing decisions. 
We propose to introduce a new load balancing metric that reflects the impact of DL LBT failures to transmit SSBs during a reporting period. An example is shown in the figure below, where the red segments represent the number of failures to transmit SSB due to DL LBT failure in a reporting period for gNB1, and the blue segments represent the number of failures to transmit SSB due to DL LBT failure in a reporting period for gNB2.
[image: ]

In the reporting periods 1 and 2, the gNB2 reports a lower number of failures compared to gNB1, meaning that gNB2 is the preferred target for load balancing in those time intervals. In the reporting period 3, the situation is the opposite, and the gNB1 becomes the preferred target. Using this new load metric, the source gNB can then understand which gNB is less affected by DL LBT failures for the transmission of SSBs.

Proposal 5: Introduce a new load balancing metric for NR-U to consider the impact of DL LBT failures to transmit SSB in a reporting period.


The second scenario (MRO-related scenario) relates to an individual handover, and we want to discuss two cases:
- the handover execution fails
- the handover execution succeeds 

If the handover execution fails, the source gNB can receive an RLF report and, as of today, it does not know whether DL LBT failures affected the transmission of SSB or not. If the source gNB becomes aware of this, it can decide whether the RLF report should be considered for MRO (to modify the mobility setting towards the target gNB), or not.

If the handover execution succeeds, the source gNB can receive an SHR and, as of today, it does not know whether DL LBT failures affected the transmission of SSB or not. Also in this case, the source gNB can use additional information for proper analysis of the SHR.


From TS 38.133, we note that when a UE is performing handover to a cell subject to CCA (Clear Channel Assessment) the UE is enabled to detect the lack of SSB, as reported below:

In the requirements of clause 6.1B.1 (Handover to target cell using CCA – NR Handover), 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.

When the source gNB receives an RLF report containing information of absent SSB transmissions during handover execution, it can easily correlate the RLF to the presence of DL LBT issues, and it can take this into account for MRO decisions. Note that this correlation is done using only one source of information (the RLF report), instead of two sources, one coming from the UE (RLF report), and another coming from the target gNB (indicating the presence of DL LBT issues).

When the source gNB receives an SHR containing information of absent SSB transmissions during handover execution, it can easily correlate the SHR to the presence of DL LBT issues, and it can take this into account for MRO decisions.  Also in this case, the correlation can be done using only one source of information (the SHR), instead of two sources, one coming from the UE (SHR), and another coming from the target gNB (indicating the presence of DL LBT issues).

We propose then, that RAN3 discuss the option to obtain from the UE the indication of absent SSB transmissions during handover execution (for instance, adding this information to the RLF report or to the SHR) and if the group agrees that this is beneficial, we can send an LS to RAN2 to request this information from the UE.

Proposal 6: RAN3 to discuss the option to obtain from the UE an indication of absent SSB transmissions during handover execution as part of RLF report and SHR.

2.3. EDT UL for MLB
At RAN3#117-bis-e, a TP for XnAP has been agreed to add NR-U load metrics related to COT percentage in UL and EDT in UL. The following points are for further discussion:
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. 
The FFS on COT UL has been resolved at RAN3#119, as the following was agreed:
DU shall report the UL COT to CU in resource status report procedure when it is requested by CU, how to obtained this information by DU is up to implementation.
The granularity of UL COT reporting in F1 interface should be NR-U channel level.

In the discussion related to load balancing, in our view, the reporting of EDT UL is meant to provide an indication for the source gNB to understand how easy (or difficult) it is to access a certain NR-U channel in a potential target for load balancing. The EDT UL to be reported can be, for example, an average of the EDT UL values which the target gNB is aware of, during a certain reporting period. How the target gNB obtain this average can be left to implementation. For example, if there are EDT UL values available, collected from UE reports (e.g., RLF reports), the target gNB can use them. If no EDT UL value is available from the UE reports, the target gNB can use the maximum EDT UL configured for the UEs.
Proposal 7: The EDT UL in XnAP RESOURCE STATUS UPDATE is obtained by the gNB in an implementation specific way. 

The maximum EDT UL is configured by the DU, and as of today, the gNB-CU is not aware of that, so the gNB-CU cannot use it to derive an EDT UL value to be signalled via XnAP. The gNB-CU could still use the EDT UL values reported by the UEs (if available), otherwise the gNB-CU needs to receive it from the gNB-DU. Since the gNB-CU might have some information available from UE reports, signaling of “maximum EDT UL” from gNB-DU to gNB-CU can be an optional information.
Proposal 8: Add an optional Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message. The value of the IE is the “maximum EDT in UL” configured by the gNB-DU in the reporting period.


Conclusion
This paper focused on NR-U enhancements in relation to MRO and MLB. The following observations and proposals were derived:
Observation 1: The legacy RA report contains information reported in chronological order of attempts (Indexes of the SSBs and number of RACH preambles sent on each tried SSB).
Proposal 1: Extend the RA report such that the network can retrieve the number of LBT failures for all the UL BWPs without breaking the legacy principle of reporting in chronological order used in the RA report. Up to RAN2 to discuss the signalling details. 
Proposal 2: Extend the RLF report to contain information that allows the RAN to deduce the number of LBT failures for all UL BWPs.
Observation 2: As part of the LBT procedure, a UE compares the detected power and the EDT.
Proposal 3: Extend the RA report to include the average applied EDT value and the average detected power, per RA procedure.
Proposal 4: Extend the RLF report to contain information that allows the RAN to deduce the average applied EDT value per RA procedure.
Proposal 5: Introduce a new load balancing metric for NR-U to consider the impact of DL LBT failures to transmit SSB in a reporting period.
Proposal 6: RAN3 to discuss the option to obtain from the UE an indication of absent SSB transmissions during handover execution as part of RLF report and SHR.
Proposal 7: The EDT UL in XnAP RESOURCE STATUS UPDATE is obtained by the gNB in an implementation specific way.  
Proposal 8: Add an optional Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message. The value of the IE is the “maximum EDT in UL” configured by the gNB-DU in the reporting period.
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