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1	Introduction
[bookmark: _Toc474247438]At RAN3 #123-bis meeting, the first discussion on Rel-19 SON for network slicing took place. It was concluded that:
· Both the logged MDT and immediate MDT enhancements based on scenarios to be worked.
· Work on the Slice aware MRO scenarios.
In this paper we discuss likely mobility problems in network slicing deployments and potential solutions for them.
2	Discussion
[bookmark: _Hlk162873038]2.1	UE Mobility at Network Slicing Border
Rel-18 network slicing enhancements introduced support of network slice deployments with service areas that are smaller than the Tracking Area (TA) [1]. In pre Rel-18 network slicing there was a requirement that the network slice needs to be homogenously supported in full TA. This requirement means that for network slices with small service areas like only a few cells, operators need to re-define the TAs for deployment of each of these small service area network slices. The Rel-18 feature allows network operators to deploy these small service area network slices without re-designing the existing TA. The network slice is still supported in the full TA as indicated on NG and Xn interfaces, but the cells of the TA that are outside of the service area are configured with zero resources for that network slice [2]. This way, the network will provide service for such network slices only in a subset of TA cells. 
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[bookmark: _Ref162878716]Figure 1: Deployment of network slice with service area less than existing TA
This Rel-18 feature is important to deploy highly customized and localized network slices without the need for TA re-design. However, this means that network slice borders will also shrink and UEs can often be in a situation where some of the neighbour cells are supporting the required network slices and some of the neighbour cells are not supporting the required slices, for example a UE connected with Slice A and Slice B moving from Cell 1 to Cell 2 or Cell 3 in Figure 2. In pre Rel-18 networks this was less critical as the network slice was supported homogenously across the full TA and slice borders also matched the TA borders that are relatively large. However, in Rel-18 networks, this becomes more critical as the slices may only be supported in a small number of cells and above situation of mobility across the slice border could appear more often. To ensure service continuity and to ensure that the UE is connected to optimal cells, it would be important that the mobility decisions at such slice borders are made carefully. While traditionally mobility optimization mechanisms like Mobility Robustness Optimization (MRO) focus mainly on minimization of radio link failures, with network slicing it is also important to look at the service impacts of the mobility decisions.  
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[bookmark: _Ref165908654]Figure 2: UE Mobility at Network Slice Border
Observation 1: With heterogeneous network slicing deployment, the mobility criterion will no longer be only the radio conditions, but it should also incorporate the service continuity capability.
One potential mobility issue at network slice border is, for example, about how to select the neighbour cell for handover (HO). For example, based on UE measurements, the source Cell 1 may have two HO candidates, Cell 2 and Cell 3, but only Cell 3 supports all the slices the UE needs. However, as the source cell does not know in advance the UE trajectory, it has to also prepare Cell 2. This is especially relevant for Conditional HO (CHO) type of mobility as there is a delay between HO preparation and execution. Therefore, Cell 2 cannot be excluded from prepared cells to avoid Radio Link Failure (RLF) and total loss of service even if a HO to Cell 2 would mean loss of service for some of the required slices. Also, currently, in the CHO execution phase, the UE cannot make any prioritization of potential target cells based on the required slices of the UE.
[bookmark: _Hlk165822627]Observation 2: The source cell may need to settle for the possibility of an imperfect handover by preparing also cells that don’t have full slice support for the UE services in order to prevent RLF.
Once the UE successfully completes the HO, the source cell would know which target was selected by the UE and therefore would also know which slices of the UE will continue in the selected target cell and which slices will not continue, as the source cell knows the slice support of all its neighbor cells. However, based on current information, the source cell cannot detect what kind of mobility pattern the UE followed. Also, based on single mobility event, the source cell cannot detect if there was a subsequent HO to another cell, which supported the slices that were dropped during the first HO, for example UE1 and UE2 in Figure 2. For proper root cause analysis, it is crucial to differentiate the cases of mobility pattern of UE1, UE2 and UE3 in Figure 2 above. 
· For UEs with mobility pattern similar to UE1, it might help to adjust the mobility parameters like CIO to prioritize HO from Cell 1 to Cell 3 instead of Cell 2 to ensure service continuity for all the slices of the UE. 
· However, for UEs with mobility pattern similar to UE2, it might not be sufficient to change the mobility parameters, as these UEs are far away from Cell 3 at the point of HO. However, if majority of the UEs that are connected to Slice B follow this pattern, this could also indicate a coverage problem in the Slice B planning. 
Observation 3: Service degradation due to handovers to cells that do not support necessary slices can be avoided if the source cell is aware of likely trajectory of the UE in the target cell.
To correctly analyze the problem, for example, whether the slice discontinuity is due to mobility or coverage problem, it is important that the network can also know at what area of the cell border the UE made the handover. For this, recording the radio measurements of the source and candidate target cells at the time of HO execution by the UE could help differentiate the cases of where the UE made the HO, i.e., was there a second-best cell that could support the missing slice (UE1) or there was no second-best option (UE2 and UE3).
One potential way to record these measurements is to enhance the Successful HO report (SHR) as the HO was successful from radio perspective. The enhancements could include:
· Adding a new trigger condition to record an SHR i.e. if the UE observes after decoding the HO command at the point of HO execution that one or more of its connected slices will not be supported by the selected target cell, the UE triggers logging of SHR. 
· The SHR cause value would also need to be enhanced to let the network know that it was due to non-support of the slice at target cell and service discontinuity.
Another potential solution could be to enhance the UE History Information (UHI). Currently, UHI contains only the list of visited cells by that UE and the time spent in those cells. To keep track of the different slices the UE was using in the different cells, the connected slice IDs could also be appended with each of the visited cells. With this information the selected target cell could analyse the history information to see if the UE had some service discontinuity for some of its slices and report back to the original source cells. For example, Cell 3 in Figure 2 could detect the service discontinuity of slice B for UE1 and UE2 in the above scenario. Cell 3 could then inform Cell 1 about it along with the history information for further root cause analysis and corrective actions by Cell 1.
[bookmark: _Hlk165822916][bookmark: _Hlk165822650]Proposal 1: RAN3 to agree on the mobility problem at network slice border regions and to work on potential solutions, for example, with enhanced SHR and UHI, as highlighted above.
2.2	Idle Mode Mobility for Frequency Band Specific Network Slices
Rel-17 network slicing enhancements focused especially on network slice specific configuration of RAN procedures like network slice specific cell re-selection. With this feature, network can provide slice specific frequency priorities to meet the slice specific performance or isolation requirements [1], [2] and [3]. To help the network optimize its configuration of this slice specific procedure, it is important that the network also has the means to evaluate the performance of network slice specific configuration. Example of such analysis is evaluation if the network slice specific frequency priorities set by the network are optimally configured or if the UE experienced some service issues when it wants to connect to a certain slice after the mobility based on the network provided frequency priorities. The UE uses the provided frequency priorities for idle mode mobility as part of cell re-selection procedure. Once the UE actually wants to use some of the required slices it would try to connect to the cell where it is camping based on the network provided slice specific cell re-selection configurations. However, if these cell re-selection configurations are not correctly set, it could happen that the UE is not able to connect to its required slice in the cell where it is camping. Currently, the network has no means to get any feedback about what slice specific cell reselection configuration the UE used as it moved across the cells and how it ended in the cell where its slice is not supported. Therefore, it would be helpful if the UE can record the relevant configurations it used as it moved across the cells, for example, the selected slice groups, the frequency priorities applied, etc. Once the UE connects to the network it can report this stored information to the network for further analysis and corrective actions, for example, as part of the UE Information Request and Response messages.
[bookmark: _Hlk166079210][bookmark: _Hlk165822679]Proposal 2: RAN3 to discuss storing the applied slice specific cell re-selection configuration during idle mode mobility for further analysis and update of configurations if needed.
3	Conclusions
In this paper, we analyse the situation with the new network slicing concept developed in Rel.18 and possible areas where SON can be applied. We observe that:
Observation 1: With heterogeneous network slicing deployment, the mobility criterion will no longer be only the radio conditions, but it should also incorporate the service continuity capability.
Observation 2: The source cell may need to settle for the possibility of an imperfect handover by preparing also cells that don’t have full slice support for the UE services in order to prevent RLF.
Observation 3: Service degradation due to handovers to cells that do not support necessary slices can be avoided if the source cell is aware of likely trajectory of the UE in the target cell.
Based on this, we propose:
Proposal 1: RAN3 to agree on the mobility problem at network slice border regions and to work on potential solutions, for example, with enhanced SHR and UHI, as highlighted above.
We also discuss possible enhancements for slice-based cell selection in idle mode and propose:
Proposal 2: RAN3 to discuss storing the applied slice specific cell re-selection configuration during idle mode mobility for further analysis and update of configurations if needed.
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