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1	Introduction
In order to ensure fair co-existence with other RATs, such as WLAN, channel access in unlicensed spectrum has to follow some principles, namely both UE and the gNB need to perform Listen Before Talk (LBT) before accessing the wireless medium to avoid collisions with other devices sharing it. LBT is mandatory in lower unlicenced frequency bands. LBT introduces access delays which in some cases can have detrimental effects in the unlicensed access, including in Handover procedures. 
To prevent the handover procedure from these impacts of delayed signalling and reporting in Handover, NR-U has adopted a mobility concept from LTE-U, LAA (Licensed-Assisted Access) and MuLTEfire called Autonomous UE Mobility (AUM), resembling conditional handover (CHO), where the User Equipment (UE) is pre-configured with one or more potential target cells, and autonomously executes the handover when certain condition has been met.  
Mobility Robustness Optimization (MRO) is the self-organizing networks (SON) use case to optimize the handover parameter being responsible for the optimal timing of the handover process. These parameters are optimized per cell- or even per cell-pair individually, since radio propagation conditions are varying from location to location.
Even though the objective of CHO is to relax the precise timing adjustments of handover, there is still need of optimization. The price for the timely more relaxed handover is the uncertainty of preparing the right target cell, if done too early, and the execution criterion is still following the same location-specific propagation criteria like in the normal handover. Therefore, CHO still benefits from cell-individual optimization of the timing of the preparation and execution phases, which has triggered the currently ongoing 3GPP activities on MRO for CHO. 
On a separate aspect, NR-U related SON/MDT optimization is explicitly mentioned in the latest WID [1], namely: Depending on the progress of the work, the following objective may be discussed in the later part of the WI:
 NR-U related SON/MDT optimization which aims to reuse e.g. the existing NR-U measurements [RAN3, RAN2]


Therefore, NR-U optimizations related to SON/MDT can be considered in Rel. 17.
2	NR-U
Current specifications define consistent LBT failure per UL BWP by counting the number of LBT failures. If consistent LBT is determined on all UL BWPs configured with PRACH occasions on the same carrier in the serving cell then LBT failure is indicated by the MAC layer towards the higher layers and an RLF occurs. In addition, the cause in the RLF report is set to lbtFailure. This RLF type can be clearly assigned, but there will also be other RLFs where the channel access waiting will impact the mobility procedure without finally resulting in a lbtFailure. The information at the network side cannot give clear insights about what went wrong in the case of a Handover scenario. Specifically, network cannot determine whether MRO needs to be enabled or whether failure was caused by additional delays introduced by failed LBT attempts in shared spectrum. In Figure 1, we present an example of CHO Handover in lower frequency unlicensed spectrum. Our objective is to shed some light into the impacts of failed LBT attempts in the outcome of CHO. In the example, it is assumed that A3 measurement event will trigger both preparation and execution in a CHO handover. The corresponding A3 measurement events in the figure are called A3_prep_offset and A3_exec_offset. Figure 1 also shows the RSRP measurements (in NR the SSB-RSRP) over time (t) for a moving UE, where the blue line represents the RSRP values the UE is measuring from its Serving Nell (Cell 1) before handover, while green and yellow lines represent Neighbour Cell measurements, namely from Cell 2 and Cell 3 respectively. Figure 1 also shows the impact of channel access delays due to LBT in the different phases of a CHO handover. 
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[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), this event will be reported to the serving cell.
At time instant t2, the TTT timer expires which means that the neighbouring signal strength fulfills the criterion over TTT and UE has to send a measurement event report. However, in NR-U a UE, before accessing the shared channel, has to first perform an LBT to meet the co-existence requirements. In this example, we assume that UE performs LBT which fails continuously until time instance instant t3. Therefore, t2 is the first instance when UE would have wanted to send the measurement report to the network and t3 is the actual time when UE succeeded to send the report. Therefore the time t3-t2 shows the amount of accumulated delay related to failed LBT attempts by the UE to send the measurement report.
Subsequently, the network starts the preparation phase with preparing the target cell(s). Since measurement event report includes a list of Neighbour Cell measurements, it is up to the network to decide how many target cells it prepares. As an example, it can prepare either only Cell 2 (green line) or only Cell 3 (yellow line) or both of those cells. The time taken in preparation is illustrated by the blue area and is calculated as t4-t3.  
At time instant t4, Handover preparation has been completed and UE has to be configured for handover execution with an RRCConfiguration w/ condRRCReconfig message. Even though time instant t4 is the first attempt to send the message, if channel is occupied by another node operating on the same unlicensed band, it will not be possible. Instead, this may lead to an LBT failure and there will be another waiting period due to LBT which will delay the UE configuration message. Assume that successful transmission of the configuration message after the waiting time due to LBT happens at t5.Then the downlink delay caused at gNB due to LBT is captured by t5-t4. After t5 UE evaluates the target cell according to the execution trigger criterion. This could be another A3 event, like in our example, A3_exec_offset. 
Suppose that Cell 3 (yellow line) fulfils the entering condition and can be prepared with first event reporting. At t6 preparation is completed. Preparation should not start too early since it could lead to wrong cell preparation and ping-pong effects. However, the additional channel access delays due to LBT make it difficult for the network to determine or predict when to start the preparation. Channel access delay due to LBT can be much longer than anticipated which could lead to UE failure if CHO configuration for execution is too late.  
At time instant t7, Cell 3 fulfils the entering condition for Handover execution which is determined through the A3_exec_offset. Measurement criterion is observed for TTT time before Handover is finally triggered. Next, the UE will detach from the Serving Cell (blue line) and will sync with the new target cell through a RACH procedure (2-step or 4-step RACH procedure). 
At time instant t8, the UE disconnects from the Serving Cell (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 (t10 – t9).
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 and fail multiple times before access is granted. These delays can be responsible for RLFs during the handover process. MRO, applied in CHO, cannot know if RLF happened due to the additional delays introduced by LBT and LBT failures which do not directly result in lbtFailure. An RLF report with cause lbtFailure is a clear indication that the failure does not result from handover parameter setting and, therefore, MRO would not help either. However, the other RLF cases do not provide any insights on how much the additional uplink and downlink access delays have impacted CHO.  
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, without any waiting information provided in the corresponding RLF reports. 
If channel access delay is very small, one can conclude that the CHO did not fail due to LBT (and handover parameter setting should be optimized by MRO). On the other hand, if the channel access delays due to LBT are very high, this can mean that network is very loaded and the failure should not be treated by the MRO algorithm; the Handover failure is due to NR-U access and the failure could be used by different SON algorithm e.g. for optimizing LBT related settings. In these two situations, the network needs to take different corrective actions and is therefore important to be able to distinguish between the two.
Observation 2: Providing information to the network about the respective channel access delays experienced by a UE due to LBT in the uplink or downlink directions can help it determine whether the CHO failure was due to mobility issues (and failure can be used by MRO algorithm) or due to LBT issues and misconfiguration (and NR-U-related optimizations need to be sought).
Finally, currently the network cannot determine in which phase of the handover an RLF or HOF happened, namely in preparation or in execution phases. 
Observation 3: With existing information provided by the UE to the network, the network does not know in which phase the handover failed, i.e., whether it failed in preparation or in execution phases.
Knowing the introduced delays due to failed LBT attempts as well as information on the phase when Handover failed (preparation versus execution) can help the network improve its corrective actions.  
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 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.  

4	Conclusion
We make 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, without any waiting information provided in the corresponding RLF reports. 
Observation 2: Providing information to the network about the respective channel access delays experienced by a UE due to LBT in the uplink or downlink directions can help it determine whether the CHO failure was due to mobility issues (and failure can be used by MRO algorithm) or due to LBT issues and misconfiguration (and NR-U-related optimizations need to be sought).
Observation 3: With existing information provided by the UE to the network, the network does not know in which phase the handover failed, i.e., whether it failed in preparation or in execution phases.
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 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.   
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