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Discussion and Decision
1. Introduction
At RAN3 #80 meeting, it has been agreed that three types of AAS actions could be applied to optimise capacity in case of high UE concentration [1]:

· Beam forming

· Cell shaping

· Cell splitting

This contribution intends to discuss the procedure for cell splitting and identify the related issues in cell splitting scenarios.
2. Discussion
2.1 Procedure for cell splitting
The AAS discussions focus on the scenarios with dense UE deployment. Once the cell splitting is triggered, a large number of UEs may have to be in handover procedures. Therefore, it may result in high handover failure cases because of the inter-cell interference in the intra-frequency deployment. Fig. 1 illustrates a simple but robust procedure for cell splitting, with the following steps:
· Step 1: The cell splitting is triggered by the network side.
· Step 2: Turn on the new emerging cell (cell B), and the affected UEs served by cell A are to be handed over to cell B. It is noted that
· If cell A shrinks before its UEs are handed over to cell B, the services of the affected UEs may be severely interrupted or even result in call drop.
· Once turning on the cell B in intra-frequency deployment, the UEs served by cell A may experience severe interference. In this case, ABS can be configured by cell B to mitigate the interference to the UEs served by cell A. In addition, other interference cancellation techniques can be used to avoid the CRS interference, such as the CRS-IC specified in Rel-11.
· There is not severe interference in the inter-frequency deployment.
· Step 3: Cell A shrinks after confirming that all the handover of the affected UEs have been completed successfully
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Fig.1
Observation 1: In order to maintain the continuous service, it is reasonable to turn on the new emerging cell before cell A shrinks.
Observation 2: Since the UEs served by cell A may experience severe interference in intra-frequency deployment, the ICIC mechanisms, such as ABS and CRS-IC, can be applied to mitigate the interference.
2.2 Issue in cell splitting procedure
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Fig. 2

Fig. 2 shows one example scenario during the stage where the new emerging cell (cell B) has been configured and cell A has not shrunk. In this example, UE1 is currently served by a neighbor cell (cell C) controlled by a neighbor eNB, moving towards the coverage of cell A and cell B. However, only cell A triggers the event for measurement report. In the case that cell A is selected as target cell, a handover preparation may be triggered before cell A shrinks. If the target cell A has already shrunk when UE1 tries to access cell A, handover failure would happen. Then, UE1 tries to re-establish the connection in the new cell B and it may fail if cell B is not be prepared. 
Observation 3: UEs may experience handover failure and/or reestablishment failure during the cell splitting procedure.
There are three potential solutions for this issue as follows.

Option 1: eNB informs the neighbor eNBs that cell A is forbidden to be selected as target cell.
Option 2: eNB rejects handover request if the target cell in handover request is cell A.
Option 3: eNB informs the neighbor eNB that cell A is about to shrink.

Based on option 1, when the UE2 moves into the coverage of cell A, the UE may experience RLF if cell A is forbidden to be selected as target cell and there is no other candidate cell available.

Alternatively, based on option 2 in the example shown in Fig. 2 Cell A can reject the handover request for UE1 to avoid possible RLF/HOF in case Cell A shrinks. However, if Cell A rejects the handover request for UE2, UE2 may experience RLF. Thus, the option 2 is not suitable either.

For the option 3, if the neighbor eNB has the information that cell A is about to shrink, source eNB may prepare more candidate cells for re-establishment, at least including the new emerging cell. If the handover failure happens in cell A, the reestablishment in cell B would be successful. Therefore, option 3 can ensure that the UE reestablishes successfully.
Proposal: The option 3 is preferred to solve the issue identified in observation 3.
3. Conclusion
In this contribution, we discuss the procedure for cell splitting, identify the potential issue and propose three solutions for the identified issue. The relative observations and proposal are concluded below.
Observation 1: In order to maintain the continuous service, it is reasonable to turn on the new emerging cell before cell A shrinks.
Observation 2: Since the UEs served by cell A may experience severe interference in intra-frequency deployment, the ICIC mechanisms, such as ABS and CRS-IC, can be applied to mitigate the interference.
Observation 3: UEs may experience handover failure and/or reestablishment failure during the cell splitting procedure.
Proposal: Enabling an eNB to inform its neighbour eNBs of the splitting cell can avoid handover failure and/or reestablishment failure during the cell splitting procedure .
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