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1   Introduction
In RAN3#81, it was discussed and agreed in [1] to add the following text to the TR:
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.

In this paper, we will discuss the possibility to reduce the service interruption time during AAS cell splitting by multiple eNB handover preparation and analysis the potential to optimize the resource efficiency for multiple eNB handover preparation procedure.
2   Discussion 
2.1   Service continuity in cell splitting
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In the cell splitting scenario, the original cell will shrink after splitting, and the new emerged cell will appear to compensate the shrunk region.  As depicted in the figure1, the cell in eNB A was split into two sub cells (Cell A1 and Cell A2). The UEs served by cell A should start hand over to the other cells before splitting is performed. It is assumed that the time required to split or merge a cell may be in the order of 10 ms, which is shorter than the maximum timer for handover failure (t304), which is 2s.
Even if the main coverage is the same according to the scenario assumption, this will most likely be very difficult to achieve in a realistic scenario, that is to say, some of the UEs in the cell edge of the original coverage may need to be handed over to a cell in a neighbour eNB.  However, even if we can ask the UE to make measurement on the neighbour cells with a lower threshold, it is difficult to select the target cell for the UEs  in the region of the coverage edge of Cell A, Cell B and Cell C, considering that the new cell A1, and A2 can not be measured before splitting. 
If the target cell appointed by eNB is not proper, the UE will experience RLF and initiate RRC Connection Re-establishment procedure to recovery from RLF. If the UE initiate RRC Connection Re-establishment toward a Cell which has not been prepared, the Re-establishment procedure will failure, and relative long service interruption time will be introduced.  A mechanism of multiple preparations of eNBs has been discussed, and the current specification neither describes how it works nor prevents performing multiple preparations handover. 
In the splitting scenario, if the target cell cannot be selected accurately, the source eNB could prepare multiple cells in multiple neighbour eNBs to at least guarantee the successful re-establishment to reduce the service interruption time during handover failure. 

Proposal 1: Multiple preparations of eNBs could be beneficial in AAS cell splitting scenario to at least guarantee the successful re-establishment.
2.2   Problem in Multiple preparations of eNBs
In the multiple eNB handover preparation procedure, the source eNB will trigger handover preparation to multiple target eNBs, select the most likely target cell from the successful prepared eNB and command UE to perform the handover. The UE could perform successful re-establishment in any of the prepared cell, thus the multiple preparation will be beneficial in case we do not exactly know the most suitable target cell after switch. Since all the involved successful prepared target eNBs need to reserve the radio resource (such as dedicated preamble, SRS/PUCCH for SR and CQI) as result of handover preparation until a handover cancel is received, it may be a consume many resources, especially if we need to handover many UEs and every UE need to be prepared in many possible target cells. 
Proposal 2: The resource efficiency may need to be optimized for multiple preparations of eNBs.
3   Conclusion
In summary, we discussed the possibility to reduce the service interruption time during AAS cell splitting by multiple eNB handover preparation and analyse the potential to optimize the resource efficiency for multiple eNB handover preparation procedure. RAN3 is asked to discuss and agree on the following proposals:
Proposal 1: Multiple preparations of eNBs could be beneficial in AAS cell splitting scenario to at least guarantee the successful re-establishment.

Proposal 2: The resource efficiency may need to be optimized for multiple preparations of eNBs.

Proposal 3: We propose that the text in the annex is agreed for insertion into the TR.

4   References
[1] R3-131552
Text proposal on response to cell splitting questions in TR
Annex – 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.

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:

Solution a1:

Multiple preparations of eNBs could be utilized in AAS cell splitting scenario to at least guarantee the successful re-establishment. The need for resource efficiency optimization is FFS.
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Figure 1 Cell splitting
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