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1	Introduction
The work on enhancements of mobility robustness optimization (MRO) for NR-Unlicensed (NR-U) has been started in Rel-17 [1], but it could not be completed because of lack of time in RAN2. It has been agreed to continue the topic in the Rel-18 SON/MDT work item [2].
In this contribution, we want to recap to explore the MRO procedure being applied for NR-U. A similar paper is submitted in RAN2, but it is unclear if RAN2 decides to initiate the work on their own.
2	Discussion
The discussion during Rel-17 SON/MDT work item revealed that MRO cannot be adapted in copy/paste manner to NR-U, since the handover timing triggered by measurement events will be spoiled by the additional waiting time caused by LBT (as shown in Figure 1). Because of these timing uncertainties cause be LBT, the mobility concept was adopted towards more UE autonomy, 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, which fully resembles the Conditional Handover (CHO). Therefore, we are using the term CHO in the following.
In Figure 1, it is assuming that an A3 measurement event will trigger both preparation and execution of the CHO, 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). 


[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).
Due to these LBT caused waiting times An RLF could be wrongly counted as MRO-specific KPI like Too Late Handover (TLH) even though the delay that resulted in RLF was caused by LBT. 
Observation 1: Mobility related RLFs could be wrongly added to MRO KPI statistics, if failure was induced by channel access delays due to LBT, and this miscounting would compromise the MRO procedure.
Both the uplink (measurement reports and RACH) and downlink (RRCReconfiguration msg) might suffer from delays due to LBT (which is raised in parallel in the RAN WG2 contribution). While uplink waiting periods can be logged on UE side and reported with the RLF report, the DL waiting time is to be stored in the gNB and has to be retrieved from the root cause analysing instance in the gNB being responsible for problem, i.e. in case of a mobility related RLF not only the information of RLF report including UL waiting time is taken into account in the root cause analysis but also the DL waiting times are 
Observation 2: Delays due to LBT during the mobility procedure are impacting both uplink and downlink transmissions.
Observation 3: Information about downlink waiting periods is stored in the gNB and has to be retrieved from there by the root cause analysing instance in the gNB being responsible for problem.
Proposal 1:	RAN WG3 should agree that waiting time of both transmission directions are to be considered which includes also the DL waiting time has to be stored in the corresponding gNB and retrieved in case of RLF root cause analyis. 
Proposal 2:	To include all needed information for the root cause analysis RAN WG3 asks RAN WG2 to agree on reporting of the LBT caused waiting periods in the RLF report
The final decision about the reason behind the issues of the mobility procedure can be only derived when all waiting time periods (uplink and downlink) are taken into account. The retrieval of the downlink part might require inter-node communication, when the analysing gNB is different from the one who holds the information about downlink waiting time.
Observation 4: Inter-node communication might be needed to retrieve the distributed logged downlink waiting time.
Proposal 3: RAN WG3 should work on the needs for the XnAP to retrieve the distributed stored DL waiting period before RRCReconfiguration msg could be transmitted.
3	Conclusion
In order to decide whether a mobility related RLF or HOF can be used as MRO KPI further analysis of failure related to the waiting will be needed. Hereto, this document has made the following observations and proposals:
Observation 1: Mobility related RLFs could be wrongly added to MRO KPI statistics, if failure was induced by channel access delays due to LBT, and this miscounting would screw up the MRO procedure.
Observation 2: Delays due to LBT during the mobility procedure are impacting both uplink and downlink transmissions.
Proposal 1:	RAN WG3 should agree that waiting time of both transmission directions are to be considered which includes also the DL waiting time has to be stored in the corresponding gNB and retrieved in case of RLF root cause analyis. 
Proposal 2:	To include all needed information for the root cause analysis RAN WG3 asks RAN WG2 to agree on reporting of the LBT caused waiting periods in the RLF report
Observation 3: Information about downlink waiting periods is stored in the gNB and has to be retrieved from there by the root cause analysing instance in the gNB being responsible for problem.
Observation 4: Inter-node communication might be needed to retrieve the distributed logged downlink waiting time.
Proposal 3: RAN WG3 should work on the needs for the XnAP to retrieve the distributed stored DL waiting period before RRCReconfiguration msg could be transmitted..
Proposal 2 is further backed up by a draft LS proposed in [3].
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