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1	Introduction
The new Rel.18 WID on further enhancement of data collection for SON/MDT includes the support of NR-U in the SON/MDT framework, as one of the objectives to achieve [1].
In this paper, we discuss required enhancements that can be introduced in the SON/MDT framework to support the NR-U system in particular enhancements needed for RA-Report, RLF report and the SHR.
[bookmark: _Ref178064866]2	Discussion
In RAN2#119 it has been agreed to prioritize enhancement of the RA report and RFL report (for radio link failure and handover failure) including the RA-InformationCommon, as well as SHR. 

Agreement:
1	RAN2 to prioritize (at least in the beginning of the discussion) the following scenarios for potential enhancement on existing SON signaling reports, e.g. the RA-Report/RA-Information, the RLF-Report (for RLF and HOF), the SHR.

In addition, RAN3 has sent an LS [2] to RAN2 concerning the addition of information into the RA report and RLF reports for the sake of NR-U optimization. 
RAN3 kindly asks RAN2 to enable the following:
· addition in RLF report of the latest measured RSSI and an indication that handover failure occurred due to consistent LBT failures
· addition in RA report of at least indications of consistent LBT failures per RA procedure. 
In the following, we discuss the possible enhancements in the RA-Report, RLF report as well as SHR.
2.1 Enhancements to the RA-Report and RA-Information
As previously described, according to TS 38.321, in NR-U, the UE may initiate a random access in a SpCell upon experiencing “consistent LBT failures”. 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 in the SpCell, the UE performs a random access in another UL BWP of the SpCell in 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 purpose indicating that the RA was initiated due to consistent LBT failure. In addition, RAN3 LS [2] requested RAN2 to include information concerning the consistent LBT failure in the RA reports. Hence, we propose the following.
[bookmark: _Toc110964321]Introduce a new raPurpose in the RA-Report to indicate that the RA was initiated following a “consistent LBT failures” in the SpCell.
Upon one or more BWP switches triggered by a consistent LBT failure event in another BWP, the UE may eventually succeed with a random access procedure. According to legacy specification, this last successful random access procedure will be logged in the RA-Report, whereas all the unsuccessful random access procedures that were triggered in other BWPs before the successful completion of the random access, will not be logged anywhere. That is because the UE logs in the RA-Report only the successful random access procedures (apart for the case of failed on-demand system information acquisition).
[bookmark: _Toc110964333][bookmark: _Toc115352251]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. According to current specification, the failed random access procedure related to the other BWPs that were initiated due to consistent LBT failures is not be logged in the RA-Report.
In our view, it would be beneficial for the network if the UE could include in the RA-Report also the information concerning the random access procedures triggered in other BWP that failed due to “consistent LBT failures”, i.e., not only the successful random access procedure. We believe that this information would allow the network to better analyze the reasons of those random access failures (e.g. by knowing the BWP in which consistent LBT failures occurred) and hence it can help the network in minimizing the risk of consistent LBT failures and therefore the risk of RLF and UL performance degradation in the unlicensed spectrum 
[bookmark: _Ref85536317][bookmark: _Toc110964322]If at the moment of successfully completing the random access procedure, the UE had consistent LBT failures triggered in one or more BWPs, the RA-Report includes information associated to those random access procedures performed due to the consistent LBT failures.
NR-U information per RA attempt:
At a more granular level, it would be also important for the network to know whether the single RA attempt (i.e., preamble transmission attempt) was blocked by LBT or not. That is needed because from MAC perspective even if an RA attempt is blocked by LBT, anyhow that is counted as RACH transmission, and the corresponding RACH attempt count is stepped in MAC. 
[bookmark: _Ref85536531][bookmark: _Toc110964323]For each RA attempt, it is indicated whether the corresponding RA attempt (i.e. preamble transmission) was blocked by LBT.
In addition, the information of the RSSI and the EDT used by the UE at the time of LBT issue would be highly beneficial to pinpoint whether the random-access related issue was due to a bad coverage, interference or the configuration used by the UE at the time of random-access procedure. Needless to mention that each of the above issues e.g., bad coverage, interference in shared spectrum, or the configuration used by the UE requires a course of different actions by the network to enhance the random access performance. Hence, we propose the following.
UE includes the measured RSSI for each RA attempt in RA report.
For each RA procedure, UE includes the EDT value used for LBT recovery.
2.2 Enhancements to the RLF-Report
As previously mentioned, it is already possible for the UE in the current specification to include in the RLF-Report that the RLF cause was an “lbtFailure” due to consistent UL LBT failures experienced in all the BWPs configured with PRACH resources of the SpCell. However, it is not possible for the UE to include in the RLF-Report information on whether at the moment of RLF, UL consistent LBT failures were triggered and not cancelled at MAC layer. For example, the failure may be due to maximum number of RLC retransmissions reached or due random access problems, but obviously the UL consistent LBT failures may have impacted it. Hence, it is useful for the network to know that, so that the network can determine how much of the issue is due to LBT problems in the unlicensed spectrum or to other reasons not strictly related to LBT operations. Another example can be the UE generating an RLF due to random access problems in a BWP that was selected after a BWP switch triggered by consistent UL LBT failures. In this case the RLF cause would be randomAccessProblems, but the UL consistent LBT failure in the first BWP also contributed to it.
Similarly, when the UE detects an HOF, that may be due, at least to some extent, to LBT problems that the UE may have encountered during the HO. Hence according to the LS sent by RAN3 we propose
According to RAN3 LS, UE logs in the RLF-Report information on whether consistent LBT failure was triggered in the SpCell at the moment of RLF/HOF.
The UE may include in the RLF-Report the RA information. In the current legacy, this happens in case the RLF is due to random access problems and in case of HOF. However, in case of UL consistent LBT failures experienced just before the failure, the UE may have executed multiple random-access procedures in different BWPs. The information associated to all these random access procedures initiated just before the failure while UL consistent LBT failures were triggered and not cancelled, will be lost if we follow the current specification. We believe that at least some RA information associated to those failed random access procedures may be of benefit for the network.
[bookmark: _Toc110964326]If at the moment of RLF/HOF, the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the RLF-Report includes information associated to the random access procedures that were initiated due to such consistent UL LBT failures just before the RLF/HOF.
Given that RAN3 sent an LS to RAN2 that UE logs the latest RSSI measurements in the RLF report, if RAN2 agree to include the RSSI measurements in the RA-InformationCommon, the RSSI measurements will be automatically captured for the RLF report as well.
UE includes the RSSI measurements in the RA-InformationCommon logged as part of RLF report.
Given Proposal 3that the UE includes the random access procedures information (RA-InformationCommon) in the RLF report, it should also be indicated under which LBT recovery configuration the failure occurred. For example, the UE may include in the RLF report the configured “lbt-FailureInstanceMaxCount”. In this way, the network can compare the included lbt-FailureInstanceMaxCount with the overall amount of LBT failures experienced in the various RA procedures. In this way, the network can optimize the LBT recovery parameters to minimize the LBT issues.
[bookmark: _Ref85536680][bookmark: _Toc110964324]The UE includes in the RLF report the LBT configuration, e.g. the configured “lbt-FailureInstanceMaxCount”.
2.3 Enhancements to the SHR
For the SHR, one immediate enhancement that RAN2 could consider is whether to introduce for the NR-U system some new triggering conditions for the SHR generation. For example, the HO may be successful but during the HO the UE may have experienced some LBT problems, e.g. UL consistent LBT failures were detected. Logging this information may be beneficial for the network to optimize the HO, and avoid problems during the HO.
[bookmark: _Toc110964327]Introduce new SHR triggering conditions for NR-U, e.g. UL LBT failure prior to successfully completion of the HO.
Similar to the RLF case, in the current specification the UE logs the RA information in the SHR, only when the SHR is triggered due to T304 timer value becoming larger than a certain threshold. We note also for this case, that the UE may trigger random access in multiple BWPs due to consistent UL LBT failures just before successfully completing the HO. The information associated to all these random access procedures initiated just before the successful HO completion, while UL consistent LBT failures were triggered and not cancelled, will be lost if we follow the current specification. We believe that at least some information associated to those failed random access procedures may be of benefit for the network.
[bookmark: _Toc110964328]SHR includes information associated to the random access procedures that were initiated due to such consistent UL LBT failures just before the successful HO completion.
Given Proposal 3that the UE includes the random access procedures information (RA-InformationCommon) in the SHR report, it should also be indicated under which LBT recovery configuration the LBT issues occurred. For example, the UE may include in the SHR report the configured “lbt-FailureInstanceMaxCount”. In this way, the network can compare the included lbt-FailureInstanceMaxCount with the overall amount of LBT failures experienced in the various RA procedures during the SHR. In this way, the network can optimize the LBT recovery parameters to minimize the LBT issues.
 The UE includes in the SHR report the LBT configuration, e.g. the configured “lbt-FailureInstanceMaxCount”.
3	Conclusion
In the previous sections we made the following observations: 

Observation 1	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. According to current specification, the failed random access procedure related to the other BWPs that were initiated due to consistent LBT failures is not be logged in the RA-Report.
Observation 2	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. According to current specification, the failed random access procedure related to the other BWPs that were initiated due to consistent LBT failures is not be logged in the RA-Report.
Based on the discussion in the previous sections we propose the following:
1. Introduce a new raPurpose in the RA-Report to indicate that the RA was initiated following a “consistent LBT failures” in the SpCell.
If at the moment of successfully completing the random access procedure, the UE had consistent LBT failures triggered in one or more BWPs, the RA-Report includes information associated to those random access procedures performed due to the consistent LBT failures.
For each RA attempt, it is indicated whether the corresponding RA attempt (i.e. preamble transmission) was blocked by LBT.
UE includes the measured RSSI for each RA attempt in RA report.
For each RA procedure, UE includes the EDT value used for LBT recovery.
According to RAN3 LS, UE logs in the RLF-Report information on whether consistent LBT failure was triggered in the SpCell at the moment of RLF/HOF.
If at the moment of RLF/HOF, the UE had consistent UL LBT failures triggered in one or more BWPs at MAC layer, the RLF-Report includes information associated to the random access procedures that were initiated due to such consistent UL LBT failures just before the RLF/HOF.
UE includes the RSSI measurements in the RA-InformationCommon logged as part of RLF report.
The UE includes in the RLF report the LBT configuration, e.g., the configured “lbt-FailureInstanceMaxCount”.
Introduce new SHR triggering conditions for NR-U, e.g., UL LBT failure prior to successfully completion of the HO.
SHR includes information associated to the random access procedures that were initiated due to such consistent UL LBT failures just before the successful HO completion.
 The UE includes in the SHR report the LBT configuration, e.g., the configured “lbt-FailureInstanceMaxCount”.
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