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1	Introduction
NR-Unlicensed (NR-U) has been introduced as part of 3GPP Rel-16 to enable the usage of 5G NR un-licensed shared spectrums. Therefore, the transmission channel must be sensed (Listen Before Talk (LBT)) and reserved for NR-U transmissions. NR-U related SON concepts were planned for Rel-17 and first scenario discussions have been started, but time constraints were forcing to postpone this work to Rel-18.
In this contribution, we elaborate the mobility robustness optimization applicability for NR-U and MDT reports shortages in NR-U scenarios, proposing potential enhancements for more accurate network optimization procedures.
2	Discussion
2.1	Recap Rel-17
The discussions of LBT’s impact on mobility robustness optimization (MRO) started during Rel-17 SON/MDT WI pointing to the fact that the optimization of the handover timing might be spoiled by the additional wating periods resulting from sensing the transmission channel before transmission can be started. The problem on MRO, which is optimizing the timing by means of RLF caused by Too Late or Too Early Handover, has been touched. In R2-2105806, it was proposed that network needs to distinguish handover failure due to improper mobility parameter or improper LBT configuration.
In R2-2107511, the different time-critical aspects of handover phases and event triggered messages which are suffering from the waiting periods before getting channel access is granted. This, of course, heavily interferes the handover timing and might cause RLFs in context of handover which would not happen without this waiting.
2.2	Mobility approach for NR-U
In order to relax the timing aspect, NR-U has adopted the mobility concepts called Autonomous UE Mobility (AUM), where the User Equipment (UE) is pre-configured with one or more potential target cells, and autonomously executes the handover when the target cell meets the execution condition.
In Figure 1, the AUM which resembles the Conditional Handover (CHO), assuming that A3 measurement event will trigger both preparation and execution of the AUM, which are called for simplicity A3_prep_offset (-3 dB, target cell is half as strong as serving cell) and A3_exec_offset (+3dB, target cell is already double as strong as serving cell), referring to the RSRP offset between serving (cell1) and target candidate cells (cell2, green line and cell3, yellow line).
Figure 1 also shows the impact of channel access delays due to LBT in the different phases of the handover. Even though target cell preparation is decoupled from execution, both phases can be impacted by the waiting.


[bookmark: _Ref78209067]Figure 1 Timing aspects of CHO mobility for NR-U
[bookmark: _Hlk78268260]At time instant t1, the Neighbour Cell fulfills the entering criterion of the A3_prep measurement event, namely the Neighbour Cell is less than A3_prep_offset below serving cell (Cell 1) signal strength. If the measurements continuously fulfill the conditions for the time-to-trigger (TTT), UE triggers (at instant t2) the measurement event report to the serving cell.
However, in NR-U, the UE must carry out LBT, and it can last a certain period until access is granted (instance instant t3). Therefore, t2 is the first instance when UE would have had send the measurement report in a normal NR network and t3 is the actual time when UE succeeded to send the report in NR-U. Therefore, the time t3-t2 shows the additional unwanted part resulting from LBT (hatched green block).
Also, DL messages from network need to follow the rules of LBT. After preparing cell2 (t4), UE needs to be configured with HO execution parameter, i.e. network wants to send RRCConfiguration msg to the UE. The time instant t4 is the first attempt to send the message, but if channel is occupied by another node, it will not be possible immediately and a certain wating time due to LBT will delay the UE configuration message until time instance t5. This downlink delay caused at gNB due to LBT is captured in the serving node represented by t5-t4 (hatched blue block).
After t5 UE evaluates the prepared target cell according to the execution trigger criterion, which could be another A3 based measurement event as mentioned above.
When cell3 (yellow line) fulfils the entering condition, the same candidate cell preparation procedure as described for t1-t5 will be carried out for cell3, represented by the time instances t6-t10. At t10 preparation of cell3 as second candidate is completed. Preparation should not start too early, since it could lead to unnecessary cell preparation like cell2 in this case. But a late preparation condition plus additional channel access delays due to LBT could cause passing of envisaged execution criterion before the UE s configured and might result in RLF caused by too late preparation or wrong preparation. Fortunately, for this example, UE has been configured with candidate cell3 in time.
At time instant t11, cell3 fulfils the entering condition for handover execution which is determined through the conditional configuration parameter (here exemplary called A3_exec_offset). Measurement criterion is observed for TTT time before Handover is finally triggered. Next, the UE will detach from the serving cell (cell1, blue line) and will sync with the new target cell through a RACH procedure (2-step or 4-step RACH procedure). 
At time instant t12, the UE disconnects from the serving cell (cell1, blue line) and performs LBT to initiate its RACH procedure. This will lead to an additional uplink channel delay due to LBT. Assuming 2-step RACH in Figure 1, MSGA is successful before t9, when gNB performs LBT to send MSGB in the DL. gNB finally manages to successfully send MSGB after another channel access waiting time in the downlink (t14 – t13).
2.3	LBT impact on MRO
The example above shows that in a mobility scenario in unlicensed band, there can be significant additional delays both in the uplink when UE performs LBT and in downlink when LBT is performed by the network. These delays are additive since LBT may need to be performed multiple times before access is granted. These delays can be responsible for RLFs during the handover process.
Adding an RLF that happened due to the additional delays introduced by LBT and did not directly result in lbtFailure to the MRO KPI statistics would screw up the MRO process, since MRO is with CIO values assuming fixed process times to optimize the handover timing.
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 MRO KPI. However, the other RLF cases do not provide any insights on how much the additional uplink and downlink access delays have impacted the cell change procedure.
Observation 1: While RLF reports with cause lbtFailure indicate that a failure was due to LBT, other RLFs could be induced by channel access delays due to LBT and wrongly added to MRO KPI statistics, which is going to screw up the MRO procedure.
Observation 2: The information provided with the RLF report used for root cause analysis does not contain LBT wating time information and, therefore, RLF with long LBT waiting periods cannot be separated from those with very short LBT waiting impact.
Observation 3: Without separating RLFs which were heavily impacted by LBT waiting, the whole MRO procedure would be falsified. 
Proposal 1: For application of MRO in NR-U, it is proposed to introduce information in the RLF report which allows to distinguish between RLFs caused by wrongly configured handover parameters (useful for MRO) and those spoiled by LBT caused channel access delays (not useful for MRO).
Proposal 2: Introduce logging of channel access delay information experienced during the handover process (e.g., in RLF Report) to enable a correct treatment of the reported RLFs with respect to MRO and other SON methods.  
2.4	LBT cancellation
Additional constrain in detailed root cause analysis might be caused by missing information on the LBT failure cancellation - being supplemental part of the radio link failure handling. For more accurate network optimization procedure, it might be worth tracing and understanding repetitive situations close to RLF but avoided due to the LBT failure cancellation. 
When LBT failure happens on a PCell, the UE would switch to another BWP to perform random access channel, and then switch to another one if consistent LBT failure also happens there until it has tried all the BWPs configured with RACH or succeeds in one.  LBT MAC CE is reported if RACH on the BWP that does not fail and the triggered LBT failure is cancelled (TS38.321).  
Observation 4: LBT MAC CE is reported if RACH on the BWP that does not fail and the triggered LBT failure is cancelled.  
Otherwise, RLF and consequently re-establishment is triggered when all the BWPs with RACH are failed.  However, only a bitmap of the serving cells is included in the LBT MAC CE indicating which cell(s) are experiencing consistent LBT failure without indicating how many BWP(s) the terminal device has tried.
The knowledge of possible LBT failure cancellation is not feasible to be obtained by the network device because the triggered LBT failure as mentioned above may be cancelled in some scenarios (e.g., RA completion for PCell, BWP switching, SCell deactivation, RRC reconfiguration) at the UE without notifying the gNB.
Proposal 3: Extend MDT reports to provide a solution for recording of a cancellation of an LBT failure.
3	Conclusion
With respect to MRO in NR-U, this document has made the following observations and proposals:
Observation 1: While RLF reports with cause lbtFailure indicate that a failure was due to LBT, other RLFs could be induced by channel access delays due to LBT and wrongly added to MRO KPI statistics, which is going to screw up the MRO procedure.
Observation 2: The information provided with the RLF report used for root cause analysis does not contain LBT wating time information and, therefore, RLF with long LBT waiting periods cannot be separated from those with very short LBT waiting impact.
Observation 3: Without separating RLFs which were heavily impacted by LBT waiting, the whole MRO procedure would be falsified. 
Proposal 1: For application of MRO in NR-U, it is proposed to introduce information in the RLF report which allows to distinguish between RLFs caused by wrongly configured handover parameters (useful for MRO) and those spoiled by LBT caused channel access delays (not useful for MRO).
Proposal 2: Introduce logging of channel access delay information experienced during the handover process (e.g., in RLF Report) to enable a correct treatment of the reported RLFs with respect to MRO and other SON methods. 
Observation 4: LBT MAC CE is reported if RACH on the BWP that does not fail and the triggered LBT failure is cancelled.  
Proposal 3: Extend MDT reports to provide a solution for recording of a cancellation of an LBT failure.
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