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1. Introduction
A number of points were left TBC for NR-U support. In this contribution we provide further discussion for them.
NR-U for MRO
Discussion to be continued on the following:
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)
· waiting time in uplink due to LBT
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
· addition of UL LBT duration time
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 
NR-U for MLB
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. Further enhancements for RA report
Further enhancements of RA report left for further discussion are:
· 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
· addition of UL LBT duration time

First, we think that the first three points: 
· 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
needs to be discussed together. The reason is that information related to these three points, if included in an RA report, can provide to the RAN an understanding on why the UE failed to access the NR-U channel and which actions are possible to improve the situation. 

Regarding the “information on LBT failures”, we prefer to consider the “number of LBT failures”, since it is consistent with the agreement taken by RAN2 at RAN2#119 to log “kind of ‘the number of LBT failures’ in the RA report”.
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.

Regarding the granularity with which the “number of LBT failures can be provided, we note that:
· If the “number of LBT failures” are provided “per BWP/RA procedure”, this does not help the RAN. In particular, the RAN cannot distinguish whether the problems a UE experienced when it tried to use a certain SSB beam were caused by poor UL coverage of the SSB beam, or the problems were due to UL LBT issues happening while the UE attempted to use that SSB beam. 
· If the “number of LBT failures” are provided “per selected beam”, the RAN can understand if the UE had problems in using a certain SSB beam due to poor UL coverage of that SSB beam, or due to the presence of UL LBT issues. In the latter case, the network can deduce that the SSB beam is OK to use once the UL LBT issue are solved and take some remedy.
Therefore, we propose to extend an RA report with the number of LBT failures per selected beam.

Proposal 1: Extend the RA report to include the number of LBT failures per selected beam.


We discuss now the enhancements related to the “Measured RSSI” and the “EDT in UL”.
First of all, regarding the “Measured RSSI”, in TS 37.213, the channel access procedure is based on the comparison between the detected power, and the energy detection threshold. Therefore, it is good (and simpler) for the UE to report the detected power.
Observation 1: The UE evaluates the detected power as part of the LBT procedure.

We think that extending the RA report with both the “detected power” and the “EDL in UL” is very beneficial to identify whether a RA related issue was due to a bad UL coverage, interference in the shared spectrum, or sub-optimal configuration used by the UE at the time of RA. If the RAN can receive this information, it can take different actions to optimize the situation. 
To evaluate the impact of interference in the shared spectrum with a good enough level of granularity, we propose that the RA report is enhanced with: 1) the average detected power for the failed channel access attempts during an RA procedure, and 2) the average detected power for the successful channel access attempts during an RA procedure. With this information, the RAN can understand the dynamic of the channel. To adjust the EDT threshold, the same level of measurements for the EDT applied by the UE are required.

Proposal 2: Extend the RA report to include:
- the average detected power for the failed channel access attempts during an RA procedure
[bookmark: _Hlk127026742]- the average detected power for the successful channel access attempts during an RA procedure
- the average applied EDT value for the failed channel access attempts during an RA procedure 
- the average applied EDT value for the successful channel access attempts during an RA procedure.


Regarding the open point on UL LBT duration time we think that it will not provide additional benefits compared to what already proposed and it would be complex to achieve for the UE (the “UL LBT duration time” can be concentrated in one “burst”, or there can be many small instances). Therefore, we prefer to not introduce such addition. 
Proposal 3: Do not add “UL LBT duration time” to RA report. 


2.2. Further enhancements for RLF report
It has been initially agreed to add to RLF report an indication concerning HOF due to consistent LBT failure and an indication of the latest measured RSSI. Further enhancements of RLF report left for further discussion are:
· 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)
· waiting time in uplink due to LBT

If an RLF is due to HOF caused by consistent LBT failures, the UE has failed to perform RA procedures in all possible UL BWPs. 
We propose to reuse the same approach as described for RA report enhancements, i.e. for the case of RLF due HOF caused by consistent LBT failures, further extend the RLF report with the following:
- the number of LBT failures per selected beam 
- the average detected power for the failed channel access attempts during an RA procedure
- the average detected power for the successful channel access attempts during an RA procedure
- the average applied EDT value for the failed channel access attempts during an RA procedure 
- the average applied EDT value for the successful channel access attempts during an RA procedure


Proposal 4: If the RLF is due to HOF, extend the RLF report to include:
- the number of LBT failures per selected beam 
- the average detected power for the failed channel access attempts during an RA procedure
- the average detected power for the successful channel access attempts during an RA procedure
- the average applied EDT value for the failed channel access attempts during an RA procedure 
- the average applied EDT value for the successful channel access attempts during an RA procedure.


Finally, regarding the open point on waiting time in uplink due to LBT we have similar concerns as for the UL LBT duration time and we think that it will not provide additional benefits compared to what already proposed. Therefore, we prefer to not introduce such addition. 
Proposal 5: Do not add “waiting time in uplink due to LBT” to RLF report. 



2.3. Inter-node signaling for MLB and MRO
The following points are still open from previous 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 more general terms, we think that the issue to be addressed is mobility when DL LBT failures can impact the handover execution at the target gNB. This situation is applicable to failed handover executions and successful handover executions. 
Preferably, before a handover is initiated, the source gNB should be aware of the presence, and severity of DL LBT issues at the target gNB. In case of multiple potential targets (as in the case of Load Balancing), the target that does not suffer (or suffers less) from DL LBT failures can be selected instead of another target where DL LBT issues are present. A new metric that can be beneficial for this purpose can be the number of failures to transmit SSB due to DL LBT issues during the reporting period. An example is shown in the figure below.
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For the Reporting period 1 and 2, the Target 2 has reported to the source gNB a lower number of failures in transmitting SSB compared to Target 1. So, initially, the Target 2 is preferable compared to Target 1. The situation becomes the opposite later (Reporting period 3). Using this metric the source gNB can have an understanding of the presence and DL LBT issues and select the preferred target for load balancing accordingly.

Proposal 6: Introduce a new load balancing metric for NR-U to consider the number of failures to transmit SSB due to DL LBT failures in a reporting period.


Let’s now consider the case of single handover execution.
In case of failed handover execution, the source gNB can receive an RLF report, but it does not know whether the handover was affected by DL LBT. In this case, the source gNB needs additional information to realize that DL LBT failures were present and do proper analysis of the RLF report. Otherwise, the source gNB would use the RLF report to modify the mobility setting towards the target gNB, which is not needed.

If case of successful handover execution, the source gNB can receive an SHR, but it does not know whether the handover was affected by DL LBT or not (e.g., delays in the DL transmission). Also in this case, the source gNB needs 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.

If the source gNB receives an RLF report containing information of absent SSB transmissions during handover execution (regardless of when the RLF report is fetched), it can immediately associate the RLF report to the presence of DL LBT issues, and it can avoid to consider that RLF report to modify the mobility setting. 
If the source gNB receives an SHR report containing information of absent SSB transmissions during handover execution (regardless of when the SHR is fetched), it can immediately associate the SHR to the presence of DL LBT issues, and it can avoid to consider that SHR report to modify the mobility setting.

We propose 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 an RLF report or to an SHR) and if the group agrees that this is beneficial, we can send an LS to RAN2 to request the UE to report this information.

Proposal 7: RAN3 to discuss the option to obtain from the UE the indication of absent SSB transmissions during handover execution.
2.4. COT percentage in UL and EDT in UL
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. 
First, we discuss the “COT percentage in UL”. The agreed definition for this metric is the following: 
“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.”. 
In a gNB, it is the gNB-DU that is capable to measure the “COT percentage in UL”, since, once it has provided the grants to the UEs that want to transmit in the serving cell, it receives the UL traffic served by the NR-U Channel of the serving cell. So, the “COT percentage in UL” can be measured at the gNB-DU, and then sent to the gNB-CU. 
The current metric gives a percentage of the utilization of the channel. However, it provides only a partial view. This is because during one reporting period, the channel may not have been utilized, not because there were no UEs requesting for it (the gNB-DU may have provided grants to them), but rather it was not possible for some UEs to use the channel. To provide a better view of the situation, other information is needed, as the one proposed in the section related to the enhancements of RLF and RA report.
We also note that if “COT percentage in UL” is provided by the UEs, and there are multiple UEs utilizing an NR-U channel at the same time (multiplexing), then the “COT percentage in UL” of the NR-U channel can not be simply taken as the sum of the COT in UL provided by the UEs.
So, we propose that the gNB-DU provides the “COT in UL” for the NR-U channel, and once this value is signaled to the gNB-CU, it can be sent via Xn. Other information is needed to understand how difficult it was to use the channel, which can be provided by the UEs in RLF reports and RA reports.
Proposal 8: Add a Channel Occupancy Time Percentage UL IE to the F1AP RESOURCE STATUS UPDATE message.
Proposal 9: The value of the Channel Occupancy Time Percentage UL IE in the XnAP RESOURCE STATUS UPDATE message is the same as the value of the Channel Occupancy Time Percentage UL IE in F1AP.

Regarding the “EDT in UL” signaled via Xn, we think that its purpose is to provide a reference (during a reporting period) that can help the node that receives it, to understand how easy (or difficult) it is to access the channel in the potential target for load balancing. To achieve that, we think a gNB should signal the more stringent value that it is aware of in a given reporting period. Such value can be the minimum of the values reported by the UEs in RLF reports or RA reports (see proposals 2 and 4). 
Proposal 10: If the gNB-CU receives RLF reports and/or RA reports containing “EDT in UL” values, the value of the Energy Detection Threshold UL IE to be signaled in the XnAP RESOURCE STATUS UPDATE message is the minimum of the “EDT in UL” values reported by the UEs.

Since the gNB-CU receives the RLF reports and RA reports (and then send them to the gNB-DU), as long as there are RLF reports or RA reports containing “EDT in UL” values, there is no need for F1AP impact.
However, if during a reporting period, the gNB-CU does not receive any RLF reports or RA reports, it remains to be decided which value can be used for “EDT in UL”, and whether the gNB-DU can support the gNB-CU for that. We propose that in this case, the gNB-DU can send to the gNB-CU the minimum of the “maximum EDT in UL” that the gNB-DU configured for the UEs during the reporting period. In absence of other information, the gNB-CU can use this value as reference. Since this information is not needed all the time, we propose to add a corresponding optional IE in F1AP. Given that also the gNB-DU can receive the UE reports, the value of the new optional IE can reflect the minimum of the “EDT in UL” values reported by the UEs, if available.
Proposal 11: Add an optional Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message. The value of the IE is the minimum of the “maximum EDT in UL” configured by the gNB-DU in the reporting period, or the minimum of the “EDT in UL” values reported by the UEs.


Conclusion
This paper focused on NR-U enhancements in relation to MRO and MLB. The following proposals were derived:
Proposal 1: Extend the RA report to include the number of LBT failures per selected beam.

Proposal 2: Extend the RA report to include:
- the average detected power for the failed channel access attempts during an RA procedure
- the average detected power for the successful channel access attempts during an RA procedure
- the average applied EDT value for the failed channel access attempts during an RA procedure 
- the average applied EDT value for the successful channel access attempts during an RA procedure.

Proposal 3: Do not add “UL LBT duration time” to RA report.

Proposal 4: If the RLF is due to HOF, extend the RLF report to include:
- the number of LBT failures per selected beam 
- the average detected power for the failed channel access attempts during an RA procedure
- the average detected power for the successful channel access attempts during an RA procedure
- the average applied EDT value for the failed channel access attempts during an RA procedure 
- the average applied EDT value for the successful channel access attempts during an RA procedure.

Proposal 5: Do not add “waiting time in uplink due to LBT” to RLF report. 

Proposal 6: Introduce a new load balancing metric for NR-U to consider the number of failures to transmit SSB due to DL LBT failures in a reporting period.

Proposal 7: RAN3 to discuss the option to obtain from the UE the indication of absent SSB transmissions during handover execution.
Proposal 8: Add a Channel Occupancy Time Percentage UL IE to the F1AP RESOURCE STATUS UPDATE message.
Proposal 9: The value of the Channel Occupancy Time Percentage UL IE in the XnAP RESOURCE STATUS UPDATE message is the same as the value of the Channel Occupancy Time Percentage UL IE in F1AP.
Proposal 10: If the gNB-CU receives RLF reports and/or RA reports containing “EDT in UL” values, the value of the Energy Detection Threshold UL IE to be signaled in the XnAP RESOURCE STATUS UPDATE message is the minimum of the “EDT in UL” values reported by the UEs.
Proposal 11: Add an optional Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message. The value of the IE is the minimum of the “maximum EDT in UL” configured by the gNB-DU in the reporting period, or the minimum of the “EDT in UL” values reported by the UEs.
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1. Overall Description:
[bookmark: _Hlk112143648]RAN3 discussed the benefits of further enhancing RA report and RLF report with new UE measurements to account for the impact of NR-U in MRO. The following has been agreed at RAN3#119:

Enhance the RA report by adding: 
· number of LBT failures per selected beam, 
· average detected power for failed channel access attempts during an RA procedure,
· average detected power for successful channel access attempts during an RA procedure, 
· average applied EDT value for failed channel access attempts during an RA procedure,
· average applied EDT value for successful channel access attempts during an RA procedure

In case of RLF due to HOF caused by consistent LBT failure, enhance the RLF report by adding:
· number of LBT failures per selected beam, 
· average detected power for failed channel access attempts during an RA procedure,
· average detected power for successful channel access attempts during an RA procedure,
· average applied EDT value for failed channel access attempts during an RA procedure, 
· average applied EDT value for successful channel access attempts during an RA procedure


2. Actions:
To RAN2:
RAN3 kindly asks RAN2 to enable the following:

Enhance the RA report by adding: 
· number of LBT failures per selected beam, 
· average detected power for failed channel access attempts during an RA procedure,
· average detected power for successful channel access attempts during an RA procedure, 
· average applied EDT value for failed channel access attempts during an RA procedure,
· average applied EDT value for successful channel access attempts during an RA procedure

For the case of RLF due to HOF caused by consistent LBT failure, enhance the RLF report by adding:
· number of LBT failures per selected beam, 
· average detected power for failed channel access attempts during an RA procedure,
· average detected power for successful channel access attempts during an RA procedure,
· average applied EDT value for failed channel access attempts during an RA procedure,
· average applied EDT value for successful channel access attempts during an RA procedure


3. Date of Next RAN3 Meetings:
RAN3#119-bis-e													2023-04-17 – 2023-04-26 – Online
RAN3#120													2023-05-22 – 2023-05-26 – Incheon, KR
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