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1 Introduction
The two problems for AAS with solutions were captured in the TR:

· Connection failures due to cell splitting/merging

· Impact on MRO
In last RAN3#83 meeting, the evaluation for the second problem was captured in the TR. However, there is no evaluation for the first problem. The first problem is split into two parts, one for failures in the splitting/merging cell and one for failures due to incoming handovers.
This contribution discussed the evaluation criteria, the compration and conclusion for the first problem.
2 Discussion
2.1 Radio link failures in the splitting/merging cell
Three solutons were agreed for this problem. 
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 are candidate cells for the UE. After all the UEs are handover out successfully, the eNB perform cell splitting.

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 initial 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.

A potential method to avoid possible failures when UEs need to be handed over in large numbers (mainly due to interference and/or collisions at RACH), following solution may be applied:

3.
In case of cell splitting the new and the old cells are using the same antenna units. Also in case of merging, the cells to be combined are using the same antenna. Therefore, the RACH access phase can be eliminated and the UEs reporting a new cell may be provided, in the RRCConnectionReconfiguration, with the system information needed to set up connection to the new cell. With completion of the reconfiguration the lower layers of the UEs are prepared such that each UE is informed via PDCCH about DL/UL grants in the new cell and from which TTI on the new cell has to be used. With this approach all UEs having the inner sector as best server can be simultaneously handed over to the new cell shortly after the activation.


NOTE: The feasibility and complexity of the solution is FFS – requires verification in RAN1 or RAN2.

The following criterias were proposed to evaluate the solutions:
· UE failure avoidance: This criterion evaluate whether UE failure can be avoided in all scenarios.

· Applicability in reality: This criterion evaluate whether it can be used in high possiblity.
· Specification impact: This criterion evaluates the impact on the specifications.
· Impact on functionality outside the RAN3 scope: This criterion evaluate whether other WG need to be invovled to support the solution.
The comparison of the three solutions is shown in table 1.
	
	Solution 1
	Solution 2
	Solution 3

	UE failure avoidance
	UE failure can be avoided if there is other candidate cells in the coverage. 
	Can avoid UE failure by re-establishment procedure
	Can avoid UE failure by by new handover procedure.

	Applicability in reality
	If there is active mode UE and AAS need to be performed, the solution can be used in case of there is candidate cells in the coverage.
	The solution can always be used in all scenarios.
	Optimise the UL access in case of large number of UE need to be handed over when cell split/merging need to be perfomred. 
It’s FFS whether it is dangeous to perform cell split/merging in case of large number of serving UEs.

	Specification impact
	No impact
	No impact
	Specification change is needed.

	Impact on functionality outside the RAN3 scope
	No impact
	No impact
	Impact RAN2. May also impact RAN1.
It is FFS whether the old cell and the new cell can serving UEs simultaneously


According to the comparison, solution 1 and solution 2 can solve the problem, can be widely used and there is no specification impact. Several unclear points existed for solution 3, therefore, low priority should be given to solution 3. 
2.2 Incoming handover failure and consequent re-establishment failure
The following solutions were agreed for incoming handover failrue and consequent re-ettablishment failure:
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 and consequent RRC reestablishment may fail. In order to minimise the risk of preparing a HO to a non-existing cell and guarantee the success of consequent RRC reestablishment, the neighbour may be notified about the deployment change in advance. Therefore the solution for (b) is:

4.
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: X2 message is used to inform neighbours about the cell split/merge

b.
Notification by OAM: OAM can inform neighbour eNBs about the split/merge.

Two similar solutions were agreed for MRO. The comparison and evaluation for the two solutions for MRO was agreed in last meeting. The comparison result is similar. Therefore, the evaluation for MRO can also be utilized for incoming handover failure and consequent re-establishment failure.
3 Conclusion
This contribution analyzed the solutions for Radio link failures in the splitting/merging cell and incoming handover failure and consequent re-establishment failure. We propose to agree the TP for the TR in section 4.
4  Conclusion
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 neighbouring 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 are candidate cells for the UE. After all the UEs are handover out successfully, the eNB perform cell splitting.

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 initial 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.

A potential method to avoid possible failures when UEs need to be handed over in large numbers (mainly due to interference and/or collisions at RACH), following solution may be applied:

3.
In case of cell splitting the new and the old cells are using the same antenna units. Also in case of merging, the cells to be combined are using the same antenna. Therefore, the RACH access phase can be eliminated and the UEs reporting a new cell may be provided, in the RRCConnectionReconfiguration, with the system information needed to set up connection to the new cell. With completion of the reconfiguration the lower layers of the UEs are prepared such that each UE is informed via PDCCH about DL/UL grants in the new cell and from which TTI on the new cell has to be used. With this approach all UEs having the inner sector as best server can be simultaneously handed over to the new cell shortly after the activation.


NOTE: The feasibility and complexity of the solution is FFS – requires verification in RAN1 or RAN2.

The comparison of the three solutions is shown in table 1.
Table 1
	
	Solution 1
	Solution 2
	Solution 3

	UE failure avoidance
	UE failure can be avoided if there is other candidate cells in the coverage. 
	Can avoid UE failure by re-establishment procedure
	Can avoid UE failure by by new handover procedure.

	Applicability in reality
	If there is active mode UE and AAS need to be performed, the solution can be used in case of there is candidate cells in the coverage.
	The solution can always be used in all scenarios.
	Optimise the UL access in case of large number of UE need to be handed over when cell split/merging need to be perfomred. 

It’s FFS whether it is dangeous to perform cell split/merging in case of large number of serving UEs.

	Specification impact
	No impact
	No impact
	Specification change is needed.

	Impact on functionality outside the RAN3 scope
	No impact
	No impact
	Impact RAN2. May also impact RAN1.

It is FFS whether the old cell and the new cell can serving UEs simultaneously


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 and consequent RRC reestablishment may fail. In order to minimise the risk of preparing a HO to a non-existing cell and guarantee the success of consequent RRC reestablishment, the neighbour may be notified about the deployment change in advance. Therefore the solution for (b) is:

4.
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: X2 message is used to inform neighbours about the cell split/merge

b.
Notification by OAM: OAM can inform neighbour eNBs about the split/merge.
Evaluation:
The two solutions correspond to the solutions for MRO impact in section 4.2.2, the evaluation of the two solutions can refer that subclause.
====================== skip the unchanged part =============================

4.2.3
Conclusions

Based on the discussions and studies done so far, following conclusions concerning SON enhancement for AAS-based deployments can be formulated:

1)
Any work impacting RRM mechanism shall be consulted with appropriate WGs, e.g. RAN2.

2)
Connection continuity within modified cell may be provided based on existing functionality; inter-eNB mobility requires inter-eNB coordination (prior to the planned change). For problem b), low priority should be given to solution 3 considering that solution 1 and solution 2 can solve the problem, can be widely used and there is no specification impact.
3)
AAS-based deployment changes impact MRO; the impact may be mitigated if inter-eNB coordination is enabled.
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