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1	Introduction
One of the objectives of the work item on further enhancement of data collection for SON/MDT in NR standalone and MR-DC [RP-221825] is the support of SON/MDT enhancements for NR-U (MRO and UL MLB).
In this contribution, we address this objective by discussing two aspects of SON for NR-U:
1. LBT in context of RACH optimization, which became prominent in recent WG meeting.
2. MRO usage in NR-U (which should be key focus as specified in WID).
2	Discussion
2.1	RA failure vs. LBT failure
At RAN2#121 meeting, it was not concluded when random access (RA) is considered as attempted. Following two options were discussed:
a) A RA is considered as attempted whenever PHY tries to transmit a preamble, irrespective of whether the LBT is successful or not.
b) A RA is considered as attempted only if the PHY layer actually transmitted the preamble, i.e., successful LBT
RA is a PHY/MAC level procedure and could be optimized by logging data from the RA procedure in the RA-report. In case of RA failures, the RA-report can help to find misconfigurations like e.g., unproper PrachConfigCommon or other RA procedure issues like MSG2 reception failure to re-adjust the configuration by means of RACH optimization.
Furthermore, the RA procedure and its optimization can be treated independent from spectrum if licensed or unlicensed, since the process starts when the RA preamble is transmitted by PHY layer, i.e., when channel access is granted in case of NR-U. LBT failure indications are referring to unused PRACH occasions and should be excluded from RA process and even more from RA optimization, since there is nothing to optimize in the RA procedure as long as no RA preamble is sent.
Since the waiting/deferral due to LBT is irrelevant for the RA procedure, a RA should be considered as attempted only if the PHY layer transmitted the RA preamble. Consequently, LBT failure information is not needed in the RA-report and should even be avoided to prevent misinterpretation.
Proposal 1.1: A RA should be considered as attempted only if the PHY layer actually transmitted the preamble. 
Proposal 1.2: LBT failure information is not needed in the RA-report.
Our view is that RA optimization and handling of LBT issues are separate topics, and the NR-U related objective of the WI is not about RA optimization. Thus RAN2 should not focus RA optimization issues when the NR-U related objective of this work item is discussed.
Proposal 1.3: RAN2 should not focus RA optimization issues when the NR-U related objective of this work item is discussed.
2.2	HOF (T304 expiry) including LBT caused waiting periods and MRO usage in NR-U
The mobility procedure is based on several control and signalling events, starting with the measurement event report and ends with successful synchronization by means of RA with the target cell. Thus, RA is a crucial part of the mobility procedure. As mentioned above, in NR-U the RA preamble can be only sent when LBT has been successful, but before that several LBT failure indications might have happened, i.e., there might be waiting or deferral time before the actual RA process starts. If a RA transmission fails due to LBT, the repetition of the RA transmission must undergo once more the LBT procedure, i.e., another waiting time period is to be considered.
On the other side, the timer T304, which observes the performance of the synchronization to target cell, is started when higher layers (RRC) trigger the UE to perform the RA procedures, i.e., T304 is running also during LBT caused waiting times which are indicated by “LBT failure indications” by the PHY layer. 
These accumulated waiting or deferral times have obviously a major impact on the timing properties of the mobility procedure. T304 could expire due to these waiting times, while under normal conditions (NR in licensed spectrum without LBT) the synchronization to the target cell would have been successful. 
Observation 1: Each RACH occasion must undergo the LBT procedure, and these waiting or deferral times are also taken from T304, even though the synchronization process is on hold during these periods.
Furthermore, the RA response (RAR) must follow the LBT procedure as well, i.e., further waiting periods are added to synchronization process observed by T304.
Observation 2: All messages (UL and DL) belonging the target cell synchronization process must undergo the LBT procedure, which might add waiting times and interruption of the synchronization process while T304 is running.
The expiry of T304 typically results in HOF (i.e., RLF with connectionFailureType set to hof), and HOF might be interpreted as “Too Early HO”, which in turn could result after statistically analysis in falsely re-adjusting of radio parameters.
Therefore, in context of NR-U the RLF root cause analysis needs additional information about the LBT caused waiting or deferral times during the mobility process. 
Observation 3: For proper RLF root cause analysis the RLF-report needs to be extended with information about waiting/deferral time due to LBT occurring during mobility process as T304 also running during that time.
Mobility Robustness Optimization (MRO) is one of the most prominent use cases that have been introduced already with LTE Rel-9, since in case of mobility the right timing of the handover is key. Thus, specific MRO related KPIs or failure types (e.g., Too Late HO) have been derived from RLF/HOF reports, which include the timing aspect.
Without stepping into detail, the mismatch of the timing of the handover which is triggered by radio measurement thresholds is identified by time information (timeConnFailure) in the RLF report (or the “Tstore_UE_cntxt” timer being used in the very first Rel-9 MRO approach, respectively).
Observation 4: MRO analyses the timing of a failed cell change and creates those timing related failure types like “Too Late Handover” that are counted and used for deciding on re-adjustment of cell-pair specific radio measurement thresholds (the so-called CIO parameters).
Observation 5: Current MRO algorithm is based on time information in the RLF and assumes in time transmission of SR for mobility signalling messages.
In licenced spectrum owned by the operator, the scheduling requests (SR) for signalling messages that trigger handovers carried out when scheduled, while in NR-U each SR must follow the LBT procedure, which introduces additional deferral or waiting time in the mobility process.
Observation 6: Each mobility related signalling message must follow LBT procedure, which spoils the timing behaviour of the handover.
Observation 7: The assumption of in-time mobility signalling messages cannot be hold for NR-U because of LBT performed before each transmission.
Those additional deferrals of mobility related signalling messages both in the uplink and in downlink have been already comprehensively discussed and depicted in R2-2210270. If LBT detects that the channel is blocked and the SR could not be carried out, PHY sends “LBT failure indications” to MAC layer. These delays are additive, since LBT may need to be performed multiple times before usage of the channel is granted. These delays can be responsible that the handover timing is spoiled and finally results in an RLF or HOF.
If such an LBT-spoiled RLF, which is not triggered by “consistent LBT failure” and results in a clearly LBT-caused RLF report with cause lbtFailure, is identified as a “Too Late HO” or “Too Early HO” and is added to the MRO KPI statistics would dramatically compromise the MRO by adjusting CIO parameters, since current MRO process assumes in-time transmission of SRs. 
An RLF report with cause lbtFailure is a clear indication that the failure does not result from handover parameter setting and, therefore, it will not be counted as MRO KPI. However, the other RLF cases do not provide any insights on how much the additional uplink and downlink SR delays have impacted the cell change procedure.
Observation 8: While RLF reports with cause lbtFailure indicate that a connection failure was due to “consistent LBT failure”, other RLFs identified as mobility failures could have been caused by LBT-triggered deferrals and should not be added to MRO KPI statistics.
Observation 9: The information currently provided with the RLF report used for root cause analysis does not contain LBT deferral or waiting time information and, therefore, those RLF with long LBT-caused deferral / waiting periods cannot be separated from those mobility failures with no or negligible LBT impact.
[bookmark: _Hlk129789791]Observation 10: RLFs linked to mobility where the signalling messages are suffering from significant LBT deferrals need to be separated from MRO process.
It can be concluded that MRO as defined for licensed spectrum case cannot be simply applied to NR-U. Already one of the very first step of the root cause analysis process of a reported RLF should spot whether the mobility timing was spoiled by LBT, to avoid that those LBT-spoiled RLFs would be counted as MRO KPIs. Therefore, we propose to introduce additional information in the RLF report where the deferrals or waiting of mobility related signalling and access messages can be checked.
Proposal 2: Extend RLF-report with waiting/deferral time due to LBT of signalling and access messages involved in the handover process.
3	Conclusion
This document has made the following observations and proposals:
Proposal 1.1: A RA should be considered as attempted only if the PHY layer actually transmitted the preamble. 
Proposal 1.2: LBT failure information is not needed in the RA-report.
Proposal 1.3: RAN2 should not focus RA optimization issues when the NR-U related objective of this work item is discussed.
Observation 1: Each RACH occasion must undergo the LBT procedure, and these waiting or deferral times are also taken from T304, even though the synchronization process is on hold during these periods.
Observation 2: All messages (UL and DL) belonging the target cell synchronization process must undergo the LBT procedure, which might add waiting times and interruption of the synchronization process while T304 is running.
Observation 3: For proper RLF root cause analysis the RLF-report needs to be extended with information about waiting/deferral time due to LBT occurring during mobility process as T304 also running during that time.
Observation 4: MRO analyses the timing of a failed cell change and creates those timing related failure types like “Too Late Handover” that are counted and used for deciding on re-adjustment of cell-pair specific radio measurement thresholds (the so-called CIO parameters).
Observation 5: Current MRO algorithm is based on time information in the RLF and assumes in time transmission of SR for mobility signalling messages.
Observation 6: Each mobility related signalling message must follow LBT procedure, which spoils the timing behaviour of the handover.
Observation 7: The assumption of in-time mobility signalling messages cannot be hold for NR-U because of LBT performed before each transmission.
Observation 8: While RLF reports with cause lbtFailure indicate that a connection failure was due to “consistent LBT failure”, other RLFs identified as mobility failures could have been caused by LBT-triggered deferrals and should not be added to MRO KPI statistics.
Observation 9: The information currently provided with the RLF report used for root cause analysis does not contain LBT deferral or waiting time information and, therefore, those RLF with long LBT-caused deferral / waiting periods cannot be separated from those mobility failures with no or negligible LBT impact.
Observation 10: RLFs linked to mobility where the signalling messages are suffering from significant LBT deferrals need to be separated from MRO process.
Proposal 2: Extend RLF-report with waiting/deferral time due to LBT of signalling and access messages involved in the handover process.

