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1. Introduction
At RAN3#117-bis-e the points below have been left open and we discuss them in this contribution.
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)
· whether LBT configuration at network side is sufficient or should be added to RLF report
· 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. NR-U for MRO
2.1. Further enhancements for RLF report
At RAN3#117-bis-e, a number of proposals for further enhancements of RLF report have been left open:
· 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)
· whether LBT configuration at network side is sufficient or should be added to RLF report
· waiting time in uplink due to LBT
In our view, a first thing to be done is to downselect from the list above, the items that can provide the most beneficial information. Let’s then analyze the items above one by one.
The “waiting time in uplink due to LBT” does not provide a clear indication of the impact of LBT issues on RLF, and we prefer to not consider that. This is because the waiting time can be distributed in many ways within the time period leading to the RLF. It can be all concentrated in one “burst”, or there can be many small instances, and because of that it is not clear which value this indication would bring overall. In addition, this will also very complex and cumbersome for UEs to log this information.
Observation 1: The “waiting time in uplink due to LBT” does not add a clear indication of LBT issues for RLF analysis and it is complex to achieve from UEs compared to the gain it provides.

Proposal 1: Do not add “waiting time in uplink due to LBT” to RLF report. 

Let’s now consider the “LBT configuration”. A gNB (the DU in particular) configures the two parameters in lbt-FailureRecoveryConfig in BWP-UplinkDedicated and this is a per-UE setting. When an RLF is caused by LBT issue there is a chance to reduce the impact of LBT issues by optimizing the lbt-FailureRecoveryConfig parameters. To do this properly, the LBT configuration at the time of RLF must be known. 
Observation 2: To achieve an optimization of LBT configuration to reduce RLF due to LBT issues, the applied LBT configuration at the time of RLF must be known.

It can be so that, when an RLF report is fetched by the network from the UE, the network has in the meantime changed the values of these parameters. The LBT configuration can vary many times, e.g., if the network decides to change the LBT configuration based on the channel occupancy (which can vary quite rapidly). For instance, if the channel occupancy is low more aggressive LBT configuration can be used, or vice versa.
If the LBT configuration optimization is based on a network solution, the LBT configuration applied by that specific UE at the time of RLF needs to be “recovered” by looking at the time at which the RLF was detected (up to 48 hours before). This put a requirement on the gNB to store – in principle for every UE for each BWP! – the value of the parameters in lbt-FailureRecoveryConfig for up to 48 hours, which, in our view, is too much. In addition, in a network-based solution, similar to the case of Mobility Information, where the source gNB would send its LBT configuration to target gNB and later receive it back from the target gNB over Xn (post-handover), does not consider other scenarios, with RLF not caused by HOF. 
 If the LBT configuration optimization is based on a UE solution, all that is needed is to add the LBT configuration applied at the time of RLF to the RLF report. This solution is simpler and provides accurate information.
Observation 3: A UE-based solution to achieve LBT configuration optimization by reducing RLF caused by LBT issue is simple and accurate.
Observation 4: Optimization of LBT configuration to reduce RLF caused by LBT issue is possible and can be achieved by adding LBT configuration parameters to RLF report.
Proposal 2: For RLF occurred in NR-U, add to RLF report LBT configuration applied at the time of RLF.

We discuss now the other two proposed additions:
· 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)
considering whether the same (or similar) optimisation as discussed for the “LBT configuration” item, can be achieved in another way.
One of the items to clarify is the granularity of the indication of number of consistent LBT failures that can be added to the RLF report. At the past meeting it was proposed to add this information at a very detailed level, per RA attempt. This provides the most accurate information, although we acknowledge that it brings quite an overhead. As a compromise, between providing a general “indication of HOF due to consistent LBT failure, per RA procedure” and a very detailed “indication of HOF due to consistent LBT failure, with additional indications of LBT failures per RA attempt”, we propose an intermediate level of granularity, where the UE logs an “indication of HOF due to consistent LBT failure, and additional indication of number of LBT failures per selected beam”. For instance, during the HO execution, a number of LBT failures in UL may occur while the UE tries to access the target cell, and if more than one beams are used in this process, the amount of LBT issues detected for each one of the selected beams can be used by the network to optimise the beam configuration for the UEs. 
Observation 5: Optimization of RLF due to LBT issues can be achieved by adding an indication of the number of LBT failures per UE selected beam to RLF report.

We further note that the described enhancement can be beneficial not only to optimize RLF, but it also applicable to RA optimization.
[bookmark: _Hlk118029589]Observation 6: The addition of number of LBT failures per selected beam is beneficial for RA optimization.
The other open issue concerns the addition to RLF report of EDT in UL:
· addition to RLF report of EDT in UL (e.g., exact value, average, max)

As discussed in previous meetings, when the RLF caused by HOF is detected, the network is not aware of the EDT in UL applied by the UE. The only thing the network knows is the maximum value of the EDT in UL it has configured for the UE. However, the max EDT UL value is not necessarily the value that led to the the RLF, hence it it is not the proper value to add in the RLF report. The UE may have experienced multiple LBT issues while attempting to access the target cell. If during this process, the UE always applied the same EDT value in UL, such value is the right one to be added in the RLF report. However, if during the same process, the UE applied sligthly different values for EDT in UL, we could accept that UE logs in the RLF report an average of the applied EDT values. This looks like a valid compromise, if logged with the same granularity of indication of LBT failures, i.e., per selected beam.
We note, again, that information on the applied EDT value in UL is also valuable for RA optimization in general, not only to RA performed to access the target cell in handover scenario.
If we now consider the last two additions discussed compared to the addition of the LBT configuration, the former offer even greater benefit compared to the latter, since it is applicable to RA optimization as well. A possible way to achieve the benefits can be to include the new piece of information to RA-InformationCommon which can be included both in RLF report and in RA report. Details however need to be discussed by RAN2. In summary, we think that number of LBT failures per selected beam and average EDT in UL applied by the UE per selected beam should be included in RLF report. 
Proposal 3: For RLF occurred in NR-U, add to RLF report:
- the number of LBT failures per selected beam
- the average EDT in UL applied by the UE per selected beam

2.2. Further enhancements for RA report
Further enhancement 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
Regarding the first open point: 
· information of LBT failures occurring during the RA procedure. FFS on the granularity of this information

according to analysis presented above for RLF report enhancements, we think they can be beneficial for RA optimization. Hence, we propose to add it to RA report, considering as granularity the selected beam.
Regarding the second open point: addition of EDT in UL from UE (and which value, e.g., exact value, average, max) following the same argumentation for RLF report enhancement, we propose that the UE logs in RA report an average of the applied EDT in UL per selected beam. 
Regarding the third open point: addition of Measured RSSI we note that it was already agreed to add same type of information in RLF report, so the addition of measured RSSI in RA report looks a natural step. Particularly if the information is added in a piece of information that is common between RLF report and RA report, as in RA-InformationCommon. The granularity can be the same as for the EDT in UL, in any case, the details need to be sorted out by RAN2.

Proposal 4: Add to RA report:
- the measured RSSI per selected beam
- the number of LBT failures per selected beam
- the average EDT in UL applied by the UE per selected beam

Finally, regarding the open point on UL LBT duration time we think that similar considerations as the one discussed for RLF report enhancements apply also for RA report enhancements. The “UL LBT duration time” can be concentrated in one “burst”, or there can be many small instances, leading to the fact that this information does not bring an advantage. 
Proposal 5: Do not add “UL LBT duration time” to RA report. 
2.3. Inter-node signalling aspects
The open point related to the information to be exchanged between target gNB and source gNB is captured below:
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 

The use case in question relates to a UE which received from the target gNB (via the source gNB) the handover command, and it’s trying to access the target cell. From the source gNB point of view, the handover procedure is fine. The target gNB has a UE context for the UE and the handover execution fails due to LBT issues in DL (at target gNB). 
Let us consider the “Connection failure due to intra-system mobility” a defined in TS 38.300:
-	Intra-system Too Late Handover: an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
-	Intra-system Too Early Handover: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
-	Intra-system Handover to Wrong Cell: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
Is it possible to classify the use case in question as one of the above?
“Intra-system Too Late Handover”: in our case, the UE has not even tried to perform RA towards the target cell, so it cannot be mapped here.
“Intra-system Too Early Handover”: in our case, the RLF occurs, but the handover is not successfully completed. So, it cannot be mapped to this either.
“Intra-system Handover to Wrong Cell”: this maps to the option: a handover failure occurs during the handover procedure if the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
So, the use case under discussion can be mapped to the case “Intra-system Handover to Wrong Cell” if the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
Observation 7: The RLF caused by HOF due to DL LBT issues at the target gNB can be classified as a case of Intra-system Handover to Wrong Cell if the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
The TS 38.300, at clause 15.2.2.2.2 under the “Detection mechanism” subsection specifies the following:
In case of Too Early Handover or Handover to Wrong Cell, the NG-RAN node receiving the failure indication may inform the NG-RAN node controlling the cell where the mobility configuration caused the failure by means of the Handover Report procedure over Xn or the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.
In our case, UE re-connects to a third gNB (not source gNB, nor target gNB) that receives RLF report from the UE.
The third gNB fetches from the UE the RLF report and sends a Failure Indication to the source gNB. This is justified by the purpose of the Failure Indication procedure, as described in TS 38.423, clause 8.4.7.1:
The purpose of the Failure Indication procedure is to transfer information regarding RRC re-establishment attempts, or received RLF Reports, between NG-RAN nodes. The signalling takes place from the NG-RAN node at which a re-establishment attempt is made, or an RLF Report is received, to an NG-RAN node to which the UE concerned may have previously been attached prior to the connection failure. This may aid the detection of radio link failure, handover failure cases.
So, “the NG-RAN node receiving the failure indication” is the source gNB.
The gNB responsible for the failure (remember that everything is fine from the source gNB point of view) is the target gNB. This does not is accurately described by: “the NG-RAN node controlling the cell where the mobility configuration caused the failure” since the failure was not caused by “mobility configuration”, but rather due to LBT issues in DL.
Putting the pieces together: the source gNB (the NG-RAN node receiving the failure indication) can inform the target gNB (the NG-RAN node controlling the cell where the mobility configuration caused the failure) using existing messages (by means of the Handover Report procedure over Xn or the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.) 
In particular, the source gNB can send the RLF report received by the third gNB to the target gNB. The target gNB has now all the information needed to perform the root cause analysis. In summary, we don’t think there is a need for new Xn messages, nor to affect existing ones.
Proposal 6: In case of handover failure during handover execution, the target gNB does not need to send to the source gNB indication of DL LBT failure occurring at the target gNB.

From the analyis presented above, we think some further discussion to clarify, for example, whether and how the stage 2 text for intra-system mobility, is impacted due to NR-U.
Proposal 7: RAN3 to discuss stage 2 impact (Connection failure due to intra-system mobility) due to NR-U.

Finally, we would like RAN3 to consider the drafted LS to RAN2 in Appendix A, with potential enhancements for RA report and RLF report.
Proposal 8: RAN3 to discuss draft LS to RAN2 in Appendix A for RLF report and RA report enhancements.
3. NR-U for MLB
2.4. COT percentage in UL and EDT in UL for MLB
In 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 have been kept 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. 
If we consider the agreed metric on “COT percentage in UL”, this is defined as “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.”. Note that a separate discussion is ongoing to decide whether to add another metric to report the “COT percentage in UL for neighbor cells”.
Considering the agreed “COT percentage in UL” metric, our understanding is that a gNB-DU is capable to measure it. The simplest way is then to let the DU communicate this value to the CU, which in turn can send to the peer RAN node over Xn. 
Proposal 9: The Channel Occupancy Time Percentage UL IE as defined in the XnAP RESOURCE STATUS UPDATE message can be measured by the gNB-DU.
Proposal 10: Add to a Channel Occupancy Time Percentage UL IE to F1AP RESOURCE STATUS UPDATE message.
Regarding the metric on EDT in UL for MLB, the information provided over Xn can be used by the receiver to understand how easy or difficult it is to access the NR-U Channel. Given that each individual UEs can apply a slightly different value compared to the maximum EDT value received by the gNB, the information conveyed over XnAP would need to be a good enough representation of the potentially many different values used in the cell. For example, it can be the average of the EDT values in UL applied by all the UEs in the cell. Although it is advantageous to consider the EDT values in UL as applied by the UEs in the cell, it seems appropriate to leave the exact choice on how to calculate the EDT in UL value to be sent over Xn.
Proposal 11: The Energy Detection Threshold UL IE used in XnAP RESOURCE STATUS UPDATE message is obtained by a gNB in an implementation specific way.
While some values of EDT in UL applied by a UE could be received by a CU in an RLF report and RA report (if this is agreed according to proposals 4 and 5), the DU is the function responsible to send the maximum value of EDT in UL to UEs. In principle, if no RA report and no RLF report are detected in a cell, the CU is not aware of any EDT value in UL. In this case, at least the value configured by the gNB-DU can be considered as a coarse indication. Therefore, we propose to signal this information over F1AP.
Proposal 12: Add an Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message.
Conclusion
This paper focused on NR-U enhancements in relation to MRO and MLB. The following observations and proposals were derived:
Observation 1: The “waiting time in uplink due to LBT” does not add a clear indication of LBT issues for RLF analysis and it is complex to achieve from UEs compared to the gain it provides.
Observation 2: To achieve an optimization of LBT configuration to reduce RLF due to LBT issues, the applied LBT configuration at the time of RLF must be known.
Observation 3: A UE-based solution to achieve LBT configuration optimization by reducing RLF caused by LBT issue is simple and accurate.
Observation 4: Optimization of LBT configuration to reduce RLF caused by LBT issue is possible and can be achieved by adding LBT configuration parameters to RLF report.
Observation 5: Optimization of RLF due to LBT issues can be achieved by adding an indication of the number of LBT failures per UE selected beam to RLF report.
Observation 6: The addition of number of LBT failures per selected beam is beneficial for RA optimization.
Observation 7: The RLF caused by HOF due to DL LBT issues at the target gNB can be classified as a case of Intra-system Handover to Wrong Cell if the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
Proposal 1: Do not add “waiting time in uplink due to LBT” to RLF report. 
Proposal 2: For RLF occurred in NR-U, add to RLF report LBT configuration applied at the time of RLF.
Proposal 3: For RLF occurred in NR-U, add to RLF report:
- the number of LBT failures per selected beam
- the average EDT in UL applied by the UE per selected beam

Proposal 4: Add to RA report:
- the measured RSSI per selected beam
- the number of LBT failures per selected beam
- the average EDT in UL applied by the UE per selected beam

Proposal 5: Do not add “UL LBT duration time” to RA report. 

Proposal 6: In case of handover failure during handover execution, the target gNB does not need to send to the source gNB indication of DL LBT failure occurring at the target gNB.
Proposal 7: RAN3 to discuss stage 2 impact (Connection failure due to intra-system mobility) due to NR-U.
Proposal 8: RAN3 to discuss draft LS to RAN2 in Appendix A for RLF report and RA report enhancements.
Proposal 9: The Channel Occupancy Time Percentage UL IE as defined in the XnAP RESOURCE STATUS UPDATE message can be measured by the gNB-DU.
Proposal 10: Add to a Channel Occupancy Time Percentage UL IE to F1AP RESOURCE STATUS UPDATE message.
Proposal 11: The Energy Detection Threshold UL IE used in XnAP RESOURCE STATUS UPDATE message is obtained by a gNB in an implementation specific way.
Proposal 12: Add an Energy Detection Threshold UL IE to the F1AP RESOURCE STATUS UPDATE message.
Appendix A – Draft LS to RAN2
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1. Overall description:
[bookmark: _Hlk112143648]At RAN3#118, RAN3 discussed the benefits of further enhancing the content of RLF report and RA report with new UE measurements to account for the impact of NR-U in MRO. 
The following has been agreed:
· RLF Report needs to be enhanced by adding LBT configuration applied at the time of RLF, indication of the number of LBT failures per UE selected beam, and average EDT in UL applied by the UE per selected beam
· RA Report needs to be enhanced by adding measured RSSI per selected beam, number of LBT failures per selected beam, and average EDT in UL applied by the UE per selected beam. 

2. Actions:
To RAN2:
RAN3 kindly asks RAN2 to enable the following:
· addition in RLF report of the LBT configuration applied at the time of RLF, an indication of the number of LBT failures per UE selected beam, and the average EDT in UL applied by the UE per selected beam
· addition in RA report report of the measured RSSI per selected beam, the number of LBT failures per selected beam, and the average EDT in UL applied by the UE per selected beam

3. Date of Next RAN3 Meetings:
RAN3#119                         				February 27th – March 3rd, 2023		Athens, GR
