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1   Introduction
The impact on SON from AAS solutions was updated in the TR. This contribution suggests the evaluate table and evaluates the proposed solutions.
2   Background
The TR contains two identified problem areas with solutions:
· Connection failures due to cell splitting/merging
· Impact on MRO
The first problem is split into two parts, one for failures in the splitting/merging cell and one for failures due to incoming handovers.
2.1   Connection failures in serving cell due to cell splitting/merging
The problem is defined as follows:
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The identified solutions for the problem are described as follows:
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2.2   Incoming HO failures due to cell splitting/merging
The problem is defined as follows:

[image: image3]
The identified solutions for this problem are described as follows:
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2.3   Impact on MRO
The problem is defined as follows:
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The identified solutions are described as follows:


[image: image6]
3   Suggested criteria

We propose that the solutions are evaluated according to the following criteria:

	Criteria
	Description

	Complexity
	This criterion evaluates the need for signalling between nodes and processing in the eNB.

	Ability to resolve the problem in all scenarios
	This criterion evaluates the ability to resolve the identified problem scenarios. Also includes the impact on the system, e.g. impact on active UEs.

	Specification impact
	This criterion evaluates the impact on the specifications.


4   Evaluation
4.1   Connection failures in serving cell due to cell splitting/merging
The first solution reduces the impact by handing over the UE to neighbor cells, possibly on other RATs or other carriers. Hence, this solution may not be applicable in scenarios with no overlaid coverage or when there is a limited overlap between cells and or where the load is high. Note that there may also be a QoS impact of moving a UE to another RAT.

In the second solution, the source eNB will trigger handover preparation to multiple target cells, and select a most likely target cell from the successfully prepared cells and thereafter command UE to perform the handover to one of these cells. The UE could perform successful re-establishment in any of the prepared cells, thus the multiple preparation will be beneficial, especially in case where we do not exactly know the most suitable target cell after switch. Even if the main coverage is the same according to the scenario assumption, this may 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. Hence the prepared cells will include both intra eNB cells and inter eNB cells. For the prepared cells in the same eNB as the source cell, they do not need to reserve resource after the target cell is selected. However, for the cells in other eNB, all the successfully prepared target eNBs may 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. This may consume too many resources in these cells, especially when we need to handover many UEs and every UEs need to be prepared in many possible target cells. 

Considering the two methods could be complementing, and both are implementation based, they could be applied in different scenario. E.g. if we have available overlapped cells to handover the solution 1 could be used, otherwise the solution 2 could be used.
	Criteria
	Solution 1
Hand over before split
	Solution 2
Prepare cells

	Complexity
	Medium
Additional signalling may be needed to handover UEs from and back to compensating cell.
May require inter frequency handover.
	Medium
The source eNB will trigger handover preparation to multiple target eNBs
Extra signalling in X2 may be need to perform handover preparation to other eNBs
May be a resource costly way for preparing other eNBs than the source eNB, especially when we need to handover many UEs and every UEs need to prepared in several possible target cells.

	Ability to resolve the problem in all scenarios
	Low

This solution may not be applicable in scenarios with limited overlap between the compensating cell and neighbor intra-freq cell. Handover to another frequency or other RAT requires that there is coverage from another frequency/RAT and that the load is not too high 
	Medium
May result in successful handover for some UEs and for the rest, at least the re-establishment will be successful. 



	Specification impact
	Low
No impact foreseen
	Low

Depending on if the resource efficiency needs to be addressed.


4.2   Incoming HO failures due to cell splitting/merging
In the first solution, the eNB sends an indication to neighbor eNBs. Neighbor eNB can learn the relationship between X2 indication and the cell coverage state. The neighbour eNB can use this information to prepare handover to multiple cells or to delay the handover until the coverage is modified. The eNB may also indicate to neighbour eNB the cells which replace the original coverage of the shrunk cell, so that the neighbour eNB could take this into account when selecting target cell(s) for the UEs. It would be possible for MRO to remember the potential new target cells for each configuration, but in case MRO is not used, or in case it is seen beneficial to explicitly send these to avoid mobility failures, such a solution can be used.
In the second solution, OAM informs other neighbour eNB of the coverage change and similar solutions as above can be used. 
	Criteria
	Solution 1
Indication over X2
	Solution 2
Indication from OAM

	Complexity
	Medium 
One X2 indication is needed to inform the neighbour cell of the coverage change.
The neighbour eNB needs to learn the relationship between X2 indication and potential new neighbour cells. Another option is to explicitly include these cell IDs in the indication.
	Medium
OAM signalling is needed to inform the neighbour cell of the coverage change.



	Ability to resolve the problem in all scenarios
	High
	High

	Specification impact
	Medium 
A new X2 message IE is needed. 
	Low(?)
For RAN3: OAM requirements in 36.300

Up to SA5 to decide whether this should be specified.


4.3   Impact on MRO
In solution 1, once the new AAS parameters state is validated, OAM will inform the eNB of the new coverage parameters and the starting point for MRO. Upon reception of coverage update configuration command, the eNB will apply the new configuration and initiate MRO from the indicated starting point, in addition, the eNB needs to send the current result of the optimization of MRO to OAM, and so that OAM can restore this state the next time the configuration is selected without the need to start optimization from scratch.
In solution 2, an indicator similar to what is described in solution 3 is sent by OAM. 
In solution 3, the eNB needs to store the MRO state for each cell pair for the different coverage states, so that the eNB could restore the MRO state when receiving the proposed indicator from the neighbour. Existing eNB configuration update messages may be enhanced to inform neighbours about the configuration change. The indicator may or may not explicitly identify a specific configuration. For MRO purposes, the indicator is used to identify a previously used configuration and it would therefore be enough to send an indicator defined by the source cell (an integer). 

In solution 4, the assumption is that the PCI is changed for a cell that modifies its coverage, and hence the existing eNB Configuration Update messages may be re-used to inform neighbours about the configuration change. The neighbour cell thus thinks a new cell is activated and the old cell is deactivated. 
However since the cells to change coverage needs to change PCI, all the UEs in these cells need to be handed over to other overlapped cell otherwise there will be service interruption for these UEs. And these UEs need to be handed over back to these cells after they are ready for the new coverage. The signalling cost for the handover need to be taken into consideration if the solution reduces the impact by handing over the UE to neighbor cells, other RATs or other carriers. This solution may not be applicable in scenarios with limited overlap between cells, or where the load is high. There may also be a drawback from QoS point of view of moving a UE to another RAT.
	Criteria
	Solution 1
New parameters from OAM
	Solution 2
Indication from OAM
	Solution 3
Explicit indication over X2
	Solution 4
Implicit indication over X2

	Complexity
	Low
OAM needs to store the old MRO state and configure the eNB when the corresponding coverage configuration is restored.

	Medium
The eNB needs to store multiple MRO states for each cell pair.


	Medium
The eNB needs to store multiple MRO state for a cell pair.

One X2 indication is needed to inform about the new coverage configuration.
	High
Existing ES indication message may be used.
PCI must be updated, which requires additional signalling to handover UEs from and back to compensating cell.



	Ability to resolve the problem in all scenarios
	Medium.
May have slightly worse performance since eNB cannot store the internal MRO state (e.g. collected reports)
Impacts UE that need to move form shrunk cell to extended cell and vice versa


	High
Impacts UE that need to move form shrunk cell to extended cell and vice versa


	High
Impacts UE that need to move form shrunk cell to extended cell and vice versa


	Medium
This solution requires that the PCI is changed and may therefore not be applicable in scenarios with limited overlap between the compensating cell and neighbor intra-freq cell or inter RAT cell, or where the load is high.
Impacts UE that need to move form shrunk cell to extended cell and vice versa.

Additional impact for UEs that can remain in the extended cell after the switch, but may need to be handed over to another cell during a short time to keep the connection.

	Specification impact
	Low

For RAN3: OAM requirements in 36.300

Up to SA5 to decide whether this should be specified
	Low

For RAN3: OAM requirements in 36.300

Up to SA5 to decide whether this should be specified
	Medium

A new indicator could be introduced into X2 eNB Configuration Update messages
	Low
Depending on if the current dormant indication can be re-used. May need a new enumerated value for the state.


4.4   Summary

Although the solutions are discussed for separate issues, the overall solutions actually are not orthogonal. i. e. we need to consider the relationship between the issues/solutions. For example, if we have the solution addressing impact on MRO and the AAS eNB could inform neighbor before AAS changing is actually performed, the neighbor will be aware of the coverage change of the AAS cells and could prevent handover to these cells, or perform multiple preparations to potential cells. Therefore, it may be possible to combine the solution for section 4.2 and 4.3.
For the solution addressing MRO impact, in solution 4, UEs which can remain in the extended cell after the switch but need to be handed over to another cell during a short time to keep the connection. Even with this complexity, the solution could only be applied in limited scenario. Therefore we suggest excluding solution 4 for MRO impact issue, and focus on the remaining three options.
For the solutions addressing connection failure, both solutions could be adopted to address different scenarios.
5   Conclusions

RAN3 is asked to discuss and agree the following proposal:
Proposal 1: We propose that the evaluation table in the annex is agreed for insertion into the TR.
Proposal 2: We propose that the solution evaluation in the annex is agreed for insertion into the TR.
Annex – Text proposal

<<< start of text proposal >>>
4.2
SON for AAS-based deployments
…
4.2.2
Impact on MRO
Problem description:
MRO is used to optimise mobility parameters. This optimisation is normally assumed to be done for a static coverage scenario, or at least a scenario with infrequent changes to the coverage. If we introduce the scenario where we change the coverage dynamically for example when we split or merge cells with AAS, this could result in quick and frequent changes to the coverage of the cells. MRO could probably, given enough time, adjust to the new coverage scenario, but during the meantime (while MRO is trying to find the optimal point) the mobility parameters will not be adjusted properly, which may lead to increased mobility failures. 
Solutions:

One solution could to let OAM reconfigure all the mobility parameters of all involved cells at each reconfiguration. This would require that the eNB informs OAM about the MRO state (e.g. the current HO trigger) before the reconfiguration. The benefit is that no new signalling over X2 is needed and the eNB does not need to store any additional information. 
Another solution is to send an indicator to neighbour cells. This indicator can either be an implicit indicator or an explicit indicator. The benefit of this solution is that the eNB can store more information of the internal state of the MRO algorithm, e.g. reports (RLF indications and HO reports) that was received but not yet taken into account. 

The explicit indicator could for example be an optional IE included the Served Cell Information IE exchanged over X2. 

One example of an implicit indicator is to re-use the ECGI/PCI and always use different ECGI/PCI for different coverage configurations. The drawback of this is that every time the coverage configuration is changed, the PCI/ECGI must be changed, which would impact active mode UEs in the reconfigured cell.  
4.2.3
Solution evaluation

The following criteria were used for the evaluation of the solutions:
	Criteria
	Description

	Complexity
	This criterion evaluates the need for signalling between nodes and processing in the eNB.

	Ability to resolve the problem in all scenarios
	This criterion evaluates the ability to resolve the identified problem scenarios. Also includes the impact on the system, e.g. impact on active UEs.

	Specification impact
	This criterion evaluates the impact on the specifications.


4.2.3.1X Connection failures in serving cell due to cell splitting/merging
	Criteria
	Solution 1
Hand over before split
	Solution 2
Prepare cells

	Complexity
	Medium
Additional signalling may be needed to handover UEs from and back to compensating cell.
May require inter frequency handover.
	Medium
The source eNB will trigger handover preparation to multiple target eNBs
Extra signalling in X2 may be need to perform handover preparation to other eNBs

May be a resource costly way for preparing other eNBs than the source eNB, especially when we need to handover many UEs and every UEs need to prepared in several possible target cells.

	Ability to resolve the problem in all scenarios
	Low

This solution may not be applicable in scenarios with limited overlap between the compensating cell and neighbor intra-freq cell. Handover to another frequency or other RAT requires that there is coverage from another frequency/RAT and that the load is not too high 
	Medium
May result in successful handover for some UEs and for the rest, at least the re-establishment will be successful. 



	Specification impact
	Low

No impact foreseen
	Low

Depending on if the resource efficiency needs to be addressed.


4.2.3.2X Incoming HO failures due to cell splitting/merging
	Criteria
	Solution 1
Indication over X2
	Solution 2
Indication from OAM

	Complexity
	Medium 
One X2 indication is needed to inform the neighbour cell of the coverage change.
The neighbour eNB needs to learn the relationship between X2 indication and potential new neighbour cells. Another option is to explicitly include these cell IDs in the indication.
	Medium
OAM signalling is needed to inform the neighbour cell of the coverage change.



	Ability to resolve the problem in all scenarios
	High
	High

	Specification impact
	Medium 
A new X2 message IE is needed. 
	Low(?)
For RAN3: OAM requirements in 36.300

Up to SA5 to decide whether this should be specified.


4.2.3.3X Impact on MRO
	Criteria
	Solution 1
New parameters from OAM
	Solution 2
Indication from OAM
	Solution 3
Explicit indication over X2
	Solution 4
Implicit indication over X2

	Complexity
	Low

OAM needs to store the old MRO state and configure the eNB when the corresponding coverage configuration is restored.

	Medium
The eNB needs to store multiple MRO states for each cell pair.


	Medium
The eNB needs to store multiple MRO state for a cell pair.

One X2 indication is needed to inform about the new coverage configuration.
	High
Existing ES indication message may be used.

PCI must be updated, which requires additional signalling to handover UEs from and back to compensating cell.



	Ability to resolve the problem in all scenarios
	Medium.
May have slightly worse performance since eNB cannot store the internal MRO state (e.g. collected reports)
Impacts UE that need to move form shrunk cell to extended cell and vice versa


	High
Impacts UE that need to move form shrunk cell to extended cell and vice versa


	High

Impacts UE that need to move form shrunk cell to extended cell and vice versa


	Medium
This solution requires that the PCI is changed and may therefore not be applicable in scenarios with limited overlap between the compensating cell and neighbor intra-freq cell or inter RAT cell, or where the load is high.
Impacts UE that need to move form shrunk cell to extended cell and vice versa.

Additional impact for UEs that can remain in the extended cell after the switch, but may need to be handed over to another cell during a short time to keep the connection.

	Specification impact
	Low

For RAN3: OAM requirements in 36.300

Up to SA5 to decide whether this should be specified
	Low

For RAN3: OAM requirements in 36.300

Up to SA5 to decide whether this should be specified
	Medium

A new indicator could be introduced into X2 eNB Configuration Update messages
	Low
Depending on if the current dormant indication can be re-used. May need a new enumerated value for the state.


4.2.3.4X Conclusions

Solutions presented in 4.2.3.1X are mainly implementation dependent, but may require further enhancements to handle cases with a large number of simultaneous handover preparations to neighbor cells. 

Although solutions in 4.2.3.2X and 4.2.3.3X are discussed for different problems, the chosen solution may be used to solve both. For example, if we have the solution addressing impact on MRO, and the eNB could inform neighbor before AAS changing is actually performed, the neighbor will be aware of the coverage change of the AAS cells. Solution 4, where the cell that modifies the coverage always change PCI, requires that the UEs which could remain in the cell after the switch anyway are to be handed over to another cell during a short time to keep the connection. Therefore we suggest excluding solution 4.
<<< end of text proposal >>>


























































































































































































































































































One solution could to let OAM reconfigure all the mobility parameters of all involved cells at each reconfiguration. This would require that the eNB informs OAM about the MRO state (e.g. the current HO trigger) before the reconfiguration. The benefit is that no new signalling over X2 is needed and the eNB does not need to store any additional information. 


Another solution is to send an indicator to neighbour cells. This indicator can either be an implicit indicator or an explicit indicator. The benefit of this solution is that the eNB can store more information of the internal state of the MRO algorithm, e.g. reports (RLF indications and HO reports) that was received but not yet taken into account. 


The explicit indicator could for example be an optional IE included the Served Cell Information IE exchanged over X2. 


One example of an implicit indicator is to re-use the ECGI/PCI and always use different ECGI/PCI for different coverage configurations. The drawback of this is that every time the coverage configuration is changed, the PCI/ECGI must be changed, which would impact active mode UEs in the reconfigured cell.   





MRO is used to optimise mobility parameters. This optimisation is normally assumed to be done for a static coverage scenario, or at least a scenario with infrequent changes to the coverage. If we introduce the scenario where we change the coverage dynamically for example when we split or merge cells with AAS, this could result in quick and frequent changes to the coverage of the cells. MRO could probably, given enough time, adjust to the new coverage scenario, but during the meantime (while MRO is trying to find the optimal point) the mobility parameters will not be adjusted properly, which may lead to increased mobility failures.  





	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.





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.





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.





	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.
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