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1 Introduction
Two problems were agreed for cell spliting/emerging at last meeting [1]. This contribution analyzed the possible solutions for solving the two issues.
2 Discussion
2.1 Radio Link Failures in the splitting/merging 
The problems of RLF in the spliting/emerging:

a)
Radio link failures in the splitting/merging cell


Once the cell splitting is triggered, the eNB controlling the cell to be split may not yet know exactly which UEs will be impacted. Therefore, it may not be able to initiate a handover for some UEs accordingly before the cell splitting action. Even though such UEs could be identified and assuming that these UEs are in active mode while the cell splitting occurs, it is not guaranteed that a suitable target cell for handover is available. Consequently, these UEs may experience an RLF.


In addition, some UEs served by the cell for which the PCI is unchanged before and after a splitting/merging action, they may also experience an RLF if the interruption time due to cell splitting/merging is too long (e.g., longer than the RLF detection related timer T310).


Moreover, once the cell splitting is triggered a large number of UEs may have to be in handover procedures. Therefore, this solution may result in high handover failure cases because of the inter-cell interference in the intra-frequency deployment.

The following are possible solutions to solve the radio link failure problem:
Solution 1: Cell spliting is excuted after sucessful HO the active mode UEs.

As discussed in [2][3], using AAS to split cells may be beneficial in cases where the high density of UEs scatter in the whole cell coverage and where it is not motivated to deploy pico cells. If the UEs are concentrated to a small hotspot area in a cell, the cell splitting will be less efficient to offload the UE to the separate sub cells. Therefore, to decide the cell split, the eNB and/or O&M need to know the following information before cell spliting:

· The traffic load in the cell;

· The UE distribution and location;

· The measurement result of the UEs.

According to the measurement result of the UEs, the eNB will know whether there is candidate cells for the UE. After all the UEs are handover out successfully , the eNB perform cell spliting. 
Soluiton 2: Prepare the UE context in the new splited/merged cells.
It is assumed that there is no coverage change for the cell spliting/merging[1]. For all the UEs in the coverage of the intial cell, they can be served by the new spliting/merging cells. The initial serving cell can prepare the UE context in the new cells. If there is connection failure for some UEs, the UE can perform the RRC reestablihment procedure successfully in the new spliting/merging cells.
Solution 3: Handover the UE to the new emerging cell before the initial cell shrinks
To support this solution, it is necessary to turn on the new emerging cell before initial cell shrinks. Then after handover the UEs to the new emerging cell, the initial cell shrink. It means the intial cell and the new cell can work simulataneouly during transition period. It is not sure whether this is possible from physical layer/RF point of view. Confirmation with RAN1/RAN4 may be needed.
All above solutions can be supported by implementation. At least there is no stage 2 impact. 
2.2 Incoming handover failure and consequent re-establishment failure 

The problems of Incoming handover failure and consequent re-establishment failure due to the spliting/emerging:

b)
Incoming handover failure and consequent re-establishment failure


Handover preparation may be triggered by a neighboring eNB to the cell to be split/merged before the cell splitting/merging action. When the UE tries to access the target cell, the target cell may have changed due to cell splitting/merging. This handover may fail due to unsuccessful access. Soon the UE attempts to re-establish the connection in the best cell, it would fail due to lack of re-establishment information for this cell.

To solve the problem, the following possible solutions were identified:
Solution 1: The serving cell information also includes the cells that can be created by cell splitting or emerging by the current serving cell (parent cell). When neighbor cell trigger a handover to the parent cell, the reestablishment information include the cells that can be created by cell spliting/merging. So once there is handover failure due to unsuccessful access, the RRC reestablishment procedure in the new cell can success.
Sulution 2: The action of the cell splitting/merging and/or new cell information is informed to the neighbour eNB e.g. by OAM or source eNB. If there is ongoing handover procedure from the neighbor eNB to the split/merge cell, the neighbor eNB can trigger a new handover for the UE to other cells or to the new spllit/merging cell. 
3 Conclusion
This contribution discussed the possible solutions for solving the failure problem due to cell splitting/merging. It is proposed to add the TP in 4 to the TR37.822.
4 Text Proposal

4.2.1
Connection failures due to cell splitting/merging

Problem description:

a)
Radio link failures in the splitting/merging cell


Once the cell splitting is triggered, the eNB controlling the cell to be split may not yet know exactly which UEs will be impacted. Therefore, it may not be able to initiate a handover for some UEs accordingly before the cell splitting action. Even though such UEs could be identified and assuming that these UEs are in active mode while the cell splitting occurs, it is not guaranteed that a suitable target cell for handover is available. Consequently, these UEs may experience an RLF.


In addition, some UEs served by the cell for which the PCI is unchanged before and after a splitting/merging action, they may also experience an RLF if the interruption time due to cell splitting/merging is too long (e.g., longer than the RLF detection related timer T310).


Moreover, once the cell splitting is triggered a large number of UEs may have to be in handover procedures. Therefore, this solution may result in high handover failure cases because of the inter-cell interference in the intra-frequency deployment.
Solutions:

1. Cell spliting is excuted after sucessful HO the active mode UEs.
According to the measurement result of the UEs, the eNB will know whether there is candidate cells for the UE. After all the UEs are handover out successfully , the eNB perform cell spliting.
2. Prepare the UE context in the new splited/merged cells.

It is assumed that there is no coverage change for the cell spliting/merging. For all the UEs in the coverage of the intial cell, they can be served by the new spliting/merging cells. The initial serving cell can prepare the UE context in the new cells. If there is connection failure for some UEs, the UE can perform the RRC reestablihment procedure successfully in the new spliting/merging cells.
3. Handover the UE to the new emerging cell before the initial cell shrinks
To support this solution, it is necessary to turn on the new emerging cell before initial cell shrinks. Then after handover the UEs to the new emerging cell, the initial cell shrink. It means the intial cell and the new cell can work simulataneouly during transition period. It is not sure whether this is possible from physical layer/RF point of view. Confirmation with RAN1/RAN4 may be needed.

All above solutions can be supported by implementation with the current standard. 
b)
Incoming handover failure and consequent re-establishment failure


Handover preparation may be triggered by a neighboring eNB to the cell to be split/merged before the cell splitting/merging action. When the UE tries to access the target cell, the target cell may have changed due to cell splitting/merging. This handover may fail due to unsuccessful access. Soon the UE attempts to re-establish the connection in the best cell, it would fail due to lack of re-establishment information for this cell.
Solutions:

1.  The serving cell information also includes the cells that can be created by cell splitting or emerging by the current serving cell (parent cell). When neighbor cell trigger a handover to the parent cell, the reestablishment information include the cells that can be created by cell spliting/merging. So once there is handover failure due to unsuccessful access, the RRC reestablishment procedure in the new cell can success.

2.  The action of the cell splitting/merging and/or new cell information is informed to the neighbour eNB e.g. by OAM or source eNB. If there is ongoing handover procedure from the neighbor eNB to the split/merge cell, the neighbor eNB can trigger a new handover for the UE to other cells or to the new spllit/merging cell. 
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