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1   Introduction
In SON for AAS, we rely on successful re-establishment to reduce the impact of failed handovers to cells that are being reconfigured. This requires that the target cell include re-establishment information in the handover preparation to the target cell and in the handover command to the UE.
There is currently a discussion on whether there is a need to limit this re-establishment information. In this paper we analyse the problem and look at potential solutions.
2   Discussion

2.1   Filtering levels

In SON for AAS, we discussed two different scenarios:

1) All possible configurations are included in the served cell information available in the neighbour (source) cell.

2) Only the current and an upcoming configuration is included in the served cell information available in the neighbour (source) cell.

In both scenarios, the question is if we need to filter the information of served cells to identify cells that are suitable for including as re-establishment targets in the source cell when handover preparation is initiated. This filtering can be done in different ways:

i. Static filtering by overlapping coverage areas, e.g by knowing which cells in the different configurations are overlapping with each other. 
ii. Filtered, with a per eNB specific pre-notification of cells that will become active after an upcoming change. 

iii.  Filtered with a per cell specific pre-notification of cells that will become active after an upcoming change.
Note that in scenario 2, we already implicitly have filtering (ii) since we indicate which cells will become active within a near future. 

The first question is which level of filtering we need to have. If we look at an example, just to get a feeling for the possible reduction, we assume an eNB with 5 configurations arranged like illustrated in Figure 1.


[image: image1]
Figure 1. Example configuration of four different AAS configurations.
In this example, if we are in configuration 1, without any filtering, we would always need to include 9 re-establishment cells. With filter (ii) we will limit the number of re-establishment cells to the number of active set in the upcoming configuration. For example if we are in configuration 3 and about to move to configuration 2, we could reduce the re-establishment cells to 3 for each target cell. And if we are in configuration 5 and move to configuration 4 we reduce the re-establishment info to 5 cells per target cell. The reduction will be more useful the more cells are added, i.e. if the number of possible cells are much larger than the number of active cells. 
If we on the other hand use filter (iii), we limit the re-establishment information even further. For example, if we are in configuration 5 and about to move to confirmation 4 we only need to include 1 re-establishment cell, and only for target cells 9 and 10.
Observation: If we provide information on a per cell level (iii)  the re-establishment information can be reduced the most.
2.2   Signalling overhead
If we look at the possible solutions for filtering (ii), we can see the following solution examples:

ii-1. Include one flag that indicates that the AAS configuration is not an actual configuration but rather a pre-warning

ii-2. Include one list of all ECGI that will become active.  

Both of these solutions would require additional signalling of at least all the ECGI in the new configuration.
One advantage of this method is that the eNB does not need to be aware about the relationship between the different cells in the different configurations, and therefore there is no need for OAM to derive and transfer this information to the eNB.  

 If we look at the solutions for filter (iii) we see the following potential solutions:
iii-1. A static bitmap for each configuration (separate for each cell shape), with a pre-warning indicator indicating which configuration will be used after the reconfiguration. 
iii-2. For each active cell, we list ECGI that are potential re-establishment cells available after the reconfiguration

iii-3. For each potential cell, we list the ECGI which may use this cell as a potential re-establishment cell after the reconfiguration.

The first solution would require a slightly larger signalling of a bit string (e.g. 128 bits) in the served cell information (i.e. not updated for every reconfiguration) and a smaller signalling of a single integer for each configuration change. One important part to note is that we would need to define different bit strings for different cell shapes, in case these cell shapes have an impact on the overlap with other cells. So the number of bit strings that we signal may exceed the number of cells.
For the other two solutions, the required signalling depends on the relation between the cell before and after the cell split/merge action. For iii-2 we need to signal the ECGI for all new cells replacing an existing cell, and the ECGI for this existing cell. For iii-3 we need to signal the ECGI for all new cells and the corresponding ECGIs for the existing cells. 
Depending on the scenario, the required signalling of the different solutions are quite similar. there is no dramatic difference between the solutions.

Observation: The signalling overhead for filtering per eNB (ii) or per cell (iii) is similar.
3   Conclusions

Based on the observations above, we have a slight preference for introducing per cell information (iii). We believe the most straightforward way to support this is to introduce a list of potential re-establishment cells (ECGI). This is also proposed in the associated CR.

This provides the most reduction of re-establishment info, and adds a similar signalling overhead compared to the per eNB filtering (ii). But this solution requires that the eNB is configured with the overlap of different cell configurations from OAM. 

In case this configuration is seen too burdensome, and the agreement is to go for a per eNB filtering, we would prefer to solve this by adding a semantic description for the cell state configuration, e.g. stating that value ‘1’ indicates a cell that is inactive, but soon will become active. This solution is not reflected in any proposed CR, but instead illustrated in the Annex.

Annex – Possible solution for per eNB filtering

[start of text proposal]
9.1.2.8
ENB CONFIGURATION UPDATE

This message is sent by an eNB to a peer eNB to transfer updated information for a TNL association.

Direction: eNB1 ( eNB2. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Served Cells To Add
	
	0 .. <maxCellineNB>
	
	Complete list of added cells served by the eNB
	GLOBAL
	reject

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	Served Cells To Modify
	
	0 .. <maxCellineNB>
	
	Complete list of modified cells served by the eNB
	GLOBAL
	reject

	>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier
	-
	-

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	>Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…)
	Indicates that the concerned cell is switched off for energy saving reasons
	YES
	ignore

	Served Cells To Delete
	
	0 .. <maxCellineNB>
	
	Complete list of deleted cells served by the eNB
	GLOBAL
	reject

	>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier of the cell to be deleted
	-
	-

	GU Group Id To Add List
	
	0 .. <maxPools>
	
	
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20
	
	-
	-

	GU Group Id To Delete List
	
	0 .. <maxPools>
	
	
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20
	
	-
	-

	Coverage Modification List
	
	0 .. <maxCellineNB>
	
	List of cells with modified coverage
	GLOBAL
	reject

	>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the cell to be modified
	-
	-

	>Cell Coverage State
	M
	
	INTEGER (0..15, ...)
	Value ‘0’ indicates that the cell is inactive. Value ‘1’ indicates that the cell is inactive but will soon become active. Other values Indicates that the cell is active and also indicates the coverage configuration of the concerned cell
	-
	-


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxnoofNeighbours
	Maximum no. of neighbour cells associated to a given served cell. Value is 512.

	maxPools
	Maximum no. of pools an eNB can belong to. Value is 16.
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