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Discussion
1 Introduction
According to the “way forward” document from the last RAN3 meeting #87bis, it has to be decided if the any re-establishment support is needed, and if yes then what kind. The document lists also those that have already been proposed:
1) No new E-UTRAN signalling (re-establishment based on OAM information);

2) Direct information about cell replacement (“parent-child” relation information);

3) A code-based algorithm to identify overlapping cells;

In this paper we review these options.
2 Discussion

2.1 Requirements and the need for the enhancement
The idea of the re-establishment enhancement comes as the consequence of dynamic changes in the network deployment: if the cell selected as a target is deactivated or reshaped, a successful re-establishment in the cell that provides coverage is the only way to keep connection continuity. This means, the source should prepare not only the target, but also its possible substitute – if it is known. Otherwise, if this information is not provided, it must prepare all the cells at the target eNB. Hence the need for the re-establishment enhancement: it is to provide the information about the cell or cells that will provide coverage in case the target becomes unavailable.
The requirements for the enhancement are:
· It should allow to provide information on coverage in case of cell splitting/merging as well as for cell shaping;
· It should allow to identify all possible replacing cells, not only one; information of the right substitute cell(s) has to available at the moment of handover preparation (for multiple cell preparation)
· It should allow for providing cell information also in case of dynamic cell creation (so called “scenario 2”; this also means that a newly created cell should be possible to be identified as replacement for existing cell)
· It should require as little configuration as possible.
2.2 Analysis of the proposed solutions
OAM configuration
Coverage relation can be informed with the isESCoveredBy attribute defined in TS 28.658. This attribute enables three levels of overlapping: no overlap, partial or full overlap. However, the attribute has relevant limitations: 

It is defined for ES purposes: adjacent cells are to have a value corresponding to “full coverage” in case they are designed to provide compensation for cells switched off for ES – this may be not the same “full overlap” that is needed for AAS operations. On the other hand, partial coverage is not allowed to be defined for overlaid scenarios, while for AAS it may be needed. This means that two cells that are adjacent and overlap in some configurations (cell shaping), but never are able to substitute one another in case either of them is switched off due to ES action, will have to be configured as “no overlap”. Hence, the indicator will not provide re-establishment support for cell shaping.

Also, its applicability to dynamic cell creation/deletion (so called scenario 2) is disputable: OAM would need to intervene practically at each and every cell splitting/merging to provide the right overlap information for the context of newly created cells. This will add up to rather heavy signalling of this implementation.

Direct information about cell replacement (“parent-child” relation information)

This solution has been proposed in [1]. It assumes that a cell or a list of cells is provided for each cell that is about to be deactivated. That list defines the cells that will replace the deactivated cell and therefore should be prepared for re-establishment. 
This solution is simple to understand: it directly tells what cell is to be prepared. If this information is provided at eNB activation as part of served cell information of each possible cell in the eNB (scenario 1), it could provide enough information: all the cell relations are informed in advance and the post-reconfiguration notification remains “slim”. However, if cells are created dynamically (scenario 2), the cell relation information must be updated at the moment a new cell is created (i.e. in the pre-reconfiguration notification). This makes the solution much more complicated.
However, the biggest problem is cell shaping: cell replacement does not consider that one existing cell may overlap with another existing cell. This could be resolved if instead of replacement information (“parent” and “child”) a simple overlap information is provided (ECGIs of cells that may provide coverage for each served cell). This will work for both, cell splitting/merging and cell shaping. However, this still requires that ECGIs are known in advance, i.e. all cells are created at eNB activation – otherwise, in scenario 2, the lists must be dynamically updated at each reconfiguration, which significantly increases complicacy of the notification.

A code-based algorithm to identify overlapping cells
The solution has already been presented in [2], but it may be worth reminding the idea. The code is called coverage information. The source finds the cells with “overlapping” coverage indications and it prepares those cells only. The solution works as follows (Figure 1):
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Figure 1: Coverage information for cell overlapping indication
The coverage information can be a simple pre-configured code that does not need to be interpreted alone, but its comparison with codes of other cells yields the information if the pair of cells overlaps, or not. All the neighbour eNBs are informed about coverage information of the served cells. An algorithm for determining the right candidate cell, when one of its UEs reports one of the cells of this eNB as a target, is:

If ‘A’ is reported, its CovInfo is 1001; matches with 0001, which is B ( prepare A and B;

If ‘B’ is reported, its CovInfo is 0001; matches with 1001, which is A ( prepare A and B;

If ‘C’ is reported, its CovInfo is 0110; matches with 0100 and 0010, which are D and E ( prepare C, D and E;

If ‘D’ is reported, its CovInfo is 0100; matches with 0110, which is C ( prepare C and D;

If ‘E’ is reported, its CovInfo is 0010; matches with 0110, which is C ( prepare C and E;

It is important to indicate that this solution works effectively also in case of scenario 2, where cells are created dynamically. The since the coverage information code for the cell to be deactivated is known, the eNB that prepares the reconfiguration can generate matching codes for the new cells, but the information for the existing cell does not need to be updated! In the example above (figure 1), if cell C was created with coverage information ‘0110’, when the eNB decides to create cells D and E, it creates coverage information for those cells so that it matches ‘0110’, i.e. ‘0100’ and ‘0010’ – however, the information of cell C does not need to be updated to inform that newly created cells now will overlap with C. The solution is also much “lighter”, i.e. the needed information is more compressed.

2.3 Comparison
The analysis is summarised in the table below:

	
	OAM configuration
	Cell relation information
	Coverage information code

	Cell shaping and cell splitting/merging
	It is unsure if this can offer overlap information in case of adjacent cells and cell shaping.
	In “parent-child” form does not work with cell shaping;
In case of a general list of overlapping cells: full support in scenario 1; in scenario 2, it requires updating the list for served cells
	Full support

	Identifies all overlapping cells
	Full support for cell splitting/merging
	Full support for cell splitting/merging
	Full support

	Works for both scenarios
	Full support for cell splitting/merging
	Full support for cell splitting/merging
	Full support

	Signalling effort
	X2: no signalling

OAM: no new signalling, in case of scenario 2 frequent updates
	X2: lists of cells, in case of scenario 2 at each reconfiguration for served cells;

OAM: configuration of cell relation (may be substituted with eNB’s logic);
	X2: a bitstring for each created cell

OAM: configuration of coverage information (may be substituted with eNB’s logic);


From the above, the solution based on coverage information code seems to be the optimal. It is therefore proposed to enabled.
3 Summary
In this paper we analysed 3 options proposed before to enhance re-establishment in dynamic deployments. Based on the analysis, it is proposed to enable the solution based on coverage information code. A CR implementing this is attached here, too [3].
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