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1 Introduction
At RAN3 #81bis, two candidate solutions have been selected to address the problem of incoming handover failure and consequent re-establishment failure in the scenario of splitting/merging cell [1]. 
In this contribution, the evaluation criteria for the two candidate solutions have been listed. And an analysis on the candidate solutions is also obtained according to the evaluation criteria.
2 Evaluation of candidate Solutions
2.1 The solutions
The solutions identified so far are listed in the TR [1]. And the following solutions have been identified:
If a handover has been triggered (measurement event reported) before deployment change of the target cell and the handover execution (RRCConnectionReconfig + RACH attempt) occurs after the deployment change, the handover may fail. In order to minimise the risk of preparing a HO to a non-existing cell, the neighbour may be notified about the deployment change in advance. Therefore the solution for (b) is:

3)
With the pre-condition that cell splitting / cell merging is under the supervision and validation of OAM, the neighbour eNBs of the eNB controlling the cell to be split / merged are notified about the planned deployment change in advance. There are two options for the notification: 

a.
Direct notification: Multiple states can be configured to a cell with changeable cell border according to the coverage of the cell with an explicit indication. 

b.
Notification by OAM: for the case when OAM is coordinating the state change, the OAM can configure all eNBs with the correct state.
Actually, both the solutions only provide the way to inform all neighbour eNBs with the state information. In order to reasonably evaluate the solution, we provide possible implementation way as follows:
Step 1: The multiple states are predefined by the eNB or OAM.
· If the state is defined by OAM, OAM may inform the related eNB with the state information in advanced.
Step 2: The neighbour eNB(s) is informed with related information
· For solution 3a, the neighbour eNB(s) is informed by the eNB controlling the cell to be split/merged;
· For solution 3b, the neighbour eNB(s) is informed by OAM
Step 3: Service continuation for UE is guaranteed with the help of assistance information.
· Option 1: Multiple cells are selected as target. For example, considering the case of splitting cell, the eNB controlling the cell to be split receives at least two handover request messages for the cell to be shrunk and the emerging cell, respectively. Then, target eNB can select suitable cell as target cell avoiding handover failure according to the splitting progress.
· Option 2: Reestablishment information for multiple cells is prepared in handover request for avoiding re-establishment failure. For example, considering the case of splitting cell, if the cell to be shrunk is selected as target cell, reestablishment information for the emerging cell should be prepared.
2.2 Evaluation criteria
Based on the possible ways to implement analyzed in 2.1, the solutions 3a and 3b only focus on the step 2 that the neighbor eNB is informed with related information. Since the information informed by the eNB or OAM is not different, the efficiency of the solutions for inter-eNB handover failure issue is same. In addition, the UE is not affected because only the eNB and OAM are involved in these solutions. Therefore, we propose the following items shown below are included in the evaluation criteria.
Table 1: Evaluation criteria
	Criteria
	Description

	Standard effort
	Does it impact only RAN3 specification or also have specification impact on other WGs, e.g. CT? What signaling procedures may be affected and at what extent? Is it easy to standardize the proposal?

	Signalling overhead
	How much signalling overhead there is over the X2 interface, as well as other interfaces related to OAM? The number of the proposed message/IE exchanging should be evaluated.

	Impact on X2
	New IE in X2 interface is needed?

	Impact on eNB
	Requirements relative to memory and configured information.

	Impact on OAM
	Requirements relative to signalling and memory toward OAM.

	Impact on UE
	Requirements relative to signalling, configured information and memory toward UE


2.3 Evaluation
Based on the criteria in the table1, Table 2 captures the evaluation of the candidate solutions.
Table 2: Comparison of solutions
	
	Standard effort
	Signalling overhead
	Impact on X2
	Impact on eNB
	Impact on OAM
	Impact on UE

	Solution 3a
	Yes
Inter-eNB signaling is needed to exchange before the cell splitting/merging action. 
	Low
Only one signaling is needed to be transmitted to the neighbour eNB including the cell state and the information of the emerging cell. It is an optional way that the above mentioned information is included in Served Cell Information IE.
	Low
One new IE related to cell state is necessary to be updated in the current message such as Served Cell Information IE.
	Medium
eNB controlling the cell to be split/merged informs the neighbour eNB with the information of the cell state and emerging cell in advanced. Additionally, the eNB may store some configuration information related to the state.
	Low
OAM may predefine the cell state.
	No

	Solution 3b
	Yes
OAM signaling is needed to inform/configure all eNBs before the cell splitting/merging action. In addition, eNB may report the related parameters to OAM.
	Low/Medium
Firstly, OAM configures/notifies all the eNBs in advanced. Then the legacy signaling, namely ENB CONFIGURATION UPDATE message, is transmitted to the neighbour eNB after finishing cell splitting/merging.
	No
No new IE in X2 interface is needed to be added.
	Low
No new signalling over X2 is needed and the eNB does not need to store any additional information. However, eNB may report the related parameters to OAM.
	Medium
OAM predefine the cell state. And OAM configures and informs all the eNBs with the information of cell splitting/merging.
	No


3 Summary
We propose that the evaluation criteria and table are captured in the TR.
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-----------------------First Change----------------------
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:

Following solutions have been identified for (a):

1)
Cell splitting is executed after successful 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)
Multiple preparation in the eNB handling the split/merged cells and to eNB handling neighbour cells to guarantee the successful re-establishment.


It is assumed that there is no coverage change for the cell splitting/merging. For all the UEs in the coverage of the intial cell, they can be served by the new splitting/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 reestablishment procedure successfully in the new splitting/merging cells.

All above solutions can be supported by implementation with the current standard.

If a handover has been triggered (measurement event reported) before deployment change of the target cell and the handover execution (RRCConnectionReconfig + RACH attempt) occurs after the deployment change, the handover may fail. In order to minimise the risk of preparing a HO to a non-existing cell, the neighbour may be notified about the deployment change in advance. Therefore the solution for (b) is:

3)
With the pre-condition that cell splitting / cell merging is under the supervision and validation of OAM, the neighbour eNBs of the eNB controlling the cell to be split / merged are notified about the planned deployment change in advance. There are two options for the notification: 

a.
Direct notification: Multiple states can be configured to a cell with changeable cell border according to the coverage of the cell with an explicit indication. 

b.
Notification by OAM: for the case when OAM is coordinating the state change, the OAM can configure all eNBs with the correct state.
Evaluation criteria:
Table 4.2.1-1: Evaluation criteria
	Criteria
	Description

	Standard effort
	Does it impact only RAN3 specification or also have specification impact on other WGs, e.g. CT? What signaling procedures may be affected and at what extent? Is it easy to standardize the proposal?

	Signalling overhead
	How much signalling overhead there is over the X2 interface, as well as other interfaces related to OAM? The number of the proposed message/IE exchanging should be evaluated.

	Impact on X2
	New IE in X2 interface is needed?

	Impact on eNB
	Requirements relative to memory and configured information.

	Impact on OAM
	Requirements relative to signalling and memory toward OAM.

	Impact on UE
	Requirements relative to signalling, configured information and memory toward UE


Evaluation:
Based on the criteria in the table 4.2.1-1, Table 4.2.1-2 captures the evaluation of the candidate solutions.
Table 4.2.1-2: Comparison of solutions
	
	Standard effort
	Signalling overhead
	Impact on X2
	Impact on eNB
	Impact on OAM
	Impact on UE

	Solution 3a
	Yes
Inter-eNB signaling is needed to exchange before the cell splitting/merging action. 
	Low
Only one signaling is needed to be transmitted to the neighbour eNB including the cell state and the information of the emerging cell. It is an optional way that the above mentioned information is included in Served Cell Information IE.
	Low
One new IE related to cell state is necessary to be updated in the current message such as Served Cell Information IE.
	Medium
eNB controlling the cell to be split/merged informs the neighbour eNB with the information of the cell state and emerging cell in advanced. Additionally, the eNB may store some configuration information related to the state.
	Low
OAM may predefine the cell state.
	No

	Solution 3b
	Yes
OAM signaling is needed to inform/configure all eNBs before the cell splitting/merging action. In addition, eNB may report the related parameters to OAM.
	Low/Medium
Firstly, OAM configures/notifies all the eNBs in advanced. Then the legacy signaling, namely ENB CONFIGURATION UPDATE message, is transmitted to the neighbour eNB after finishing cell splitting/merging.
	No
No new IE in X2 interface is needed to be added.
	Low
No new signalling over X2 is needed and the eNB does not need to store any additional information. However, eNB may report the related parameters to OAM.
	Medium
OAM predefine the cell state. And OAM configures and informs all the eNBs with the information of cell splitting/merging.
	No


-----------------------End of Changes----------------------
