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1   Introduction
The impact on SON from AAS solutions was updated in the TR. The main difference between the suggested solutions is whether or not the PCI/ECGI used by the cell that is split shall be reused by one of the new cells created by the split.
This contribution will evaluate on the solution using new PCI and the solution using old PCI and give the preference.
2   Discussion
2.1   Impact on active mode UEs

In the solution that is re-using the old PCI/ECGI when modifying the coverage the impact on the active UE could be minimized. The UEs that can remain in the original cell will not experience handover or interruption since the PCI for the original cell is kept unchanged. Certainly, some of UEs still need to be handed over to the new emerged cell in cell splitting scenario or the extended cell in cell merging scenario..

In the solution that is using a new PCI/ECGI when modifying the coverage, all the UEs in the coverage impacted by AAS splitting or merging need to be handed over to avoid service interruption. 

2.2   Impact on SON

In the solution re-using a PCI/ECGI when coverage is modified, the assumption is that the PCI/ECGI used by the cell that is split shall be reused by one of the new cells created by the split, and thus break the link between cell identity (ECGI/PCI) and cell coverage area. The main problem that we can see is that the neighbour cells will not be aware that the coverage was modified. Therefore, it would be necessary that neighbouring cells can be made aware of any changes to coverage. The eNB will need to maintain two MRO states for each cell pair with different coverage states. This mean a new coverage change notification mechanism is needed to be introduced to adopted impact to SON. However, to address the issue of Incoming HO failures due to cell splitting/merging in the TR, there is also the requirement to introduce the coverage change notification mechanism to neighbour eNB before AAS execution. Therefore the solution of the two issues could possibly be combined.
In the solution using a new PCI/ECGI when coverage is modified, the assumption is that the PCI is changed for a cell that modifies its coverage, and thus the link between cell identity (ECGI/PCI) and cell coverage area could be kept. Therefore, the eNB need to maintain cell pairs for each different coverage state. We can possibly re-use signalling designed for ES to notify the neighbour that the new cell is emerging and old cell is disappearing. Note however that in order to address the issue of Incoming HO failures due to cell splitting/merging in the TR, there is still the requirement to introduce the coverage change notification mechanism to neighbour eNB before AAS execution. 
2.3   Impact on functionality outside the RAN3 scope 
· AAS impact on OTDOA

In current OTDOA, the UE will report the serving cell to E-SMLC, and based on the serving cell information, E-SMLC will provide the OTDOA Assistance Data which contains the neighbour cells for the UE to measure.  The E-SMLC will ensure that the neighbour cells are neighbours to the current serving cell.

The impact on OTDOA of AAS is different in different scenarios. Consider scenario 1 where we use AAS to create an inner/outer cell of a sectorised cell (2 is split into 2a, 2b) and scenario 2 where we use AAS to create a sectorised cell from an omni cell (2 is split into 2a, 2b, 2c).
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Figure 1. Scenario 1: inner and outer cell.
For scenario 1, there is no impact on UEs within the AAS area (inside cell 2). The cells suitable for measurements in cell 2 are also suitable for measurements in both cells 2a and 2b. But for cells outside the AAS area, there is a slight difference. The E-SMLC must include all AAS cells in the list of cells to be measured. So if a different PCI is used in the AAS cells, the neighbour (e.g. cell 15) would need to include at least 2 cells (2 and 2b). Cell 2a is probably not needed to be included (since 2b will always exist when 2a exist). But if the PCI is re-used (2 and 2b) only one PCI (2) is needed to be included in the list. 
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Figure 2. Scenario 2: Sectorised cells
For scenario 2, the UEs within the AAS area will belong to different sectors based on their location. Hence if the PCI is reused (e.g. 2b and 2) the e-SMLC will include all neighbours of cell 2 in the measurements even if, for example, the cells are split and the UE is located in cell 2b where he may not benefit from measuring e.g. cell 15 and 16. For the UEs outside the AAS area, the situation is different. For example, a UE served by cell 19 should probably always measure either cell 2 or 2c and 2b. If a new PCI is used, all these cells (2, 2b and 2c) should be included in the measurement list. If the PCI is reused (e.g. 2b and 2) it would be enough to include 2b and 2c in the list.
As can be seen in the examples above, if the E-SMLC is not informed about the AAS changes, the proposed cells may not be suitable in all AAS scenarios, i.e. cells will be included that the UE sometimes cannot measure (since they are not active or not visible from the UEs location). The impact is similar for both solution options discussed in this paper. One solution to mitigate this would be to let OAM reconfigure the E-SLMC since OAM is aware of the changes. 

· AAS impact on PCI assignment 

For the solution that is re-using a PCI/ECGI, there is no additional PCI requirement to support AAS splitting/merging. For the solution using a new PCI/ECGI additional PCIs are needed. For example, for the omni/3sector scenario, it means one more PCI is needed and for the omni/3sector/6 sector (further splitting) scenario, it means 4 extra PCI are needed. This is a problem in scenarios where the availability of PCIs is limited and where it is difficult to plan the system to avoid PCI collisions. 
3   Evaluation 
	Criteria
	Solution using a new PCI/ECGI
	Solution re-using a PCI/ECGI

	Impact on active mode UEs
	Medium
All the UEs in the coverage impacted by AAS splitting or merging need to be handed over to other overlapped cell otherwise there will be a service interruption for these UEs
	Low

The UEs that can remain in the cell that re-uses the PCI will not experience handover or interruption.
The other UEs need to be handed over to another overlapped cell otherwise there will be a service interruption for these UEs

	Impact on SON
	Medium 

The neighbour eNB need to maintain additional cell pair relations for the different coverage states. 

We can possibly re-use signalling designed for ES to notify the neighbour that the new cell is emerging and old cell is disappearing. 

	Medium 
The neighbour eNB will maintain two MRO states for each cell pair for different coverage state. 
A coverage change notification mechanism needs to be introduced.
However, in order to address the issue of Incoming HO failures due to cell splitting/merging in the TR, there is also a requirement to introduce a coverage change notification mechanism to neighbour eNB before AAS execution. This can possibly be re-used also for MRO. 

	Impact on functionality outside the RAN3 scope
	Medium 

OTDOA: 
Using AAS may lead to the E-SMLC including cells that the UE cannot measure (since they are not active or not visible from the UEs location). This may be solved by OAM
PCI Assignment:

Additional PCI(s) needs to be reserved/assigned.
	Low

OTDOA:
Using AAS may lead to the E-SMLC including cells that the UE cannot measure (since they are not active or not visible from the UEs location). This may be solved by OAM

PCI Assignment:

No additional PCI requirement.




4   Conclusions

From the evaluation table in section 3, the solution using a PCI/ECGI will has less impact on the overall system. Therefore, we propose that the PCI/ECGI used by the cell that is split shall be reused by one of the new cells created by the split.
Annex – Text proposal

<<< start of text proposal >>>
4.2
SON for AAS-based deployments
<<< Omitted text >>>
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.   

Evaluation:

The main difference between the suggested solutions is whether or not the PCI/ECGI used by the cell that is split shall be reused by one of the new cells created by the split. The criteria used for evaluating are presented below:

Impact on active mode UEs: This criterion evaluates the impact on active mode UEs served by a cell modifying its coverage and/or configuration.

Impact on SON: This criterion evaluates the impact on SON, i.e. MRO.

Impact on functionality outside the RAN3 scope: This criterion evaluates the impact on functionality outside the RAN3 scope, e.g. PCI planning, OTDOA.

	Criteria
	Solution using a new PCI/ECGI
	Solution re-using a PCI/ECGI

	Impact on active mode UEs
	Medium

All the UEs in the coverage impacted by AAS splitting or merging need to be handed over to other overlapped cell otherwise there will be a service interruption for these UEs
	Low

The UEs that can remain in the cell that re-uses the PCI will not experience handover or interruption.

The other UEs need to be handed over to another overlapped cell otherwise there will be a service interruption for these UEs

	Impact on SON
	Medium 

The neighbour eNB need to maintain additional cell pair relations for the different coverage states. 

We can possibly re-use signalling designed for ES to notify the neighbour that the new cell is emerging and old cell is disappearing. 


	Medium 

The neighbour eNB will maintain two MRO states for each cell pair for different coverage state. 

A coverage change notification mechanism needs to be introduced.

However, in order to address the issue of Incoming HO failures due to cell splitting/merging in the TR, there is also a requirement to introduce a coverage change notification mechanism to neighbour eNB before AAS execution. This can possibly be re-used also for MRO. 

	Impact on functionality outside the RAN3 scope
	Medium 

OTDOA: 

Using AAS may lead to the E-SMLC including cells that the UE cannot measure (since they are not active or not visible from the UEs location). This may be solved by OAM

PCI Assignment:

Additional PCI(s) needs to be reserved/assigned.
	Low

OTDOA:

Using AAS may lead to the E-SMLC including cells that the UE cannot measure (since they are not active or not visible from the UEs location). This may be solved by OAM

PCI Assignment:

No additional PCI requirement.




From the above evaluation table, the solution re-using a PCI/ECGI will has less impact on the overall system. Therefore, this solution is selected.

<<< end of text proposal >>>
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