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1
Introduction
In RAN3#82 the problems involving cell splitting/merging in terms of impact on the connected UEs in the cell that is about to undergo split/merge were discussed and also the impact on the SON functions in the neighbouring cells was treated. The impact of using different PCIs compared to using the same PCIs for cells to be split/merged was brought up.

There is also a need to discuss the impact of the cell merging/splitting on the configuration of CGI values in the network. This paper gives an overall analysis of the matters to be addressed in cell splitting/merging and also in the cell shaping.
2 
Discussion

2.1

Cell Identifiers

3GPP cells are identified by both a non-unique physical cell identifier, PCI, and a globally unique cell identifier CGI. Both are associated to the cell but while the CGI remains associated to the cell, the PCI may be changed for example as part of PCI conflict management resolution actions.

Observation 1: The CGI uniquely identifies a cell in the network, and remains the same over time. 
2.2

Impact of Cell Splitting/Merging 
The topics considered in SON for AAS in RAN3 include cell shaping and cell merging/splitting use cases. Both these use cases will impact the coverage area of a given cell. 







Figure 1: CGI assignment issue example
In the Figure 1, an example of cell splitting and merging scenario is shown. A new CGI value is allocated when a cell is split. Each split pattern or merger pattern will carry a unique CGI. In the example, after the first cell split procedure of cell with CGI-1 (step 1), two cells with CGI-2 and CGI-3 are formed. Also, the last step of merging of cells with CGI-6 and CGI-7 (step-4) will lead to the same cell configuration as in the second cell configuration. Note that this CGI configuration would apply even though the two cells after the split will be configured with different PCIs compared to the previous time the same cell configuration was in use. Moreover, statistics gathered after the last step (step 4) are comparable to the statistics gathered after the first step (step 1), since the cell configurations are the same.
Proposal 1: None of the split cells after the split will reuse the CGI of the original cell.

Proposal 2: The cell after a merge will not reuse the CGI from any of the merged cells.

Each time an eNB has changed configuration, it will inform neighbouring eNBs via X2AP: eNB Configuration Update by updating the Served Cell Information IE accordingly.
2.3

Impact of Cell Shaping

There are scenarios where the cell shape will change in a limited fashion, for example due to antenna downtilt. Then, the cell coverage will change, but perhaps such change is not large enough to justify the cell to be considered as a different cell, and thereby a new CGI. However, it is important to inform neighbouring eNBs about a coverage change even if this is relatively small. The latter would help adaptation mechanisms like MRO and MLB to adopt a different policy during the transition to a new optimised configuration due to cell shape change.  Then, the X2AP eNB Configuration Update can be used, but only to indicate that a particular served cell coverage has been modified. 

Proposal 3:  When the shape of a cell has been modified and the change is considered minor, the eNB should notify neighbouring eNBs about the change while maintaining the same CGI for that cell
2.4

PCI Usage Strategy for Cell Split/Merge Scenario 

During the discussions on cell splitting/merging cases, the main case considered was that of the active UEs in the cell about to split/merge. The two solutions discussed were:

1) Reusing the PCI adopted before splitting/merging for one of the cells derived after splitting/merging.
2) Using new PCI for the cells derived after splitting/merging
PCI Reuse:

An example of cell splitting scenario when the same PCI as that of the original cell is reused in the split cells is given in Figure 2:




Figure 2: Reusing the old PCI scenario

When the same PCI is retained, the connected users belonging to the cell which retains the PCI will assume that the previous CGI is retained (i.e. CGI 1 in the example). After the cell split procedure, such users belong to a different CGI (i.e. CGI 2 in the example). Such users need to be updated about the system information changes via systemInfoModification.
Assuming that the proposals regarding CGI handling are accepted, SON functions like ANR should be able to function appropriately, assuming that the details of how to handle the PCI updates could be left for implementation.

Use of new PCI:

This is another alternative of using a different PCI for newly formed cell. 


Figure 3: Using the new PCI scenario
In this scenario, all the users are going to handover (either traditional handover or a CA like switching) to the newly formed cells.
If an evaluation of the two methods had to be made, it would appear that using a new PCI for cells resulting from splitting/merging could result in less impacts on the UE and on current functions such as ANR. However, a reuse of PCIs may be justified in case of scarce number of PCIs available.

Nevertheless, given the fact that both PCI management policies carry no impacts to existing functions would make them both feasible and would imply no need for standardisation changes.

Observation 2: If the proposals regarding CGI handling during cell split and merge are agreed, then SON features like ANR are able to handle all different PCI management strategies without confusion. 

3 Conclusions
This paper analysed scenarios involving cell configuration changes and cell coverage modifications. A number of proposals have been made in order to establish the boundaries of the solution span and in order to maintain unchanged certain principles so far assumed valid in 3GPP (e.g. meaning of E-CGI).

The following proposals were made:

Proposal 1: None of the split cells after the split will reuse the CGI of the original cell.

Proposal 2: The cell after a merge will not reuse the CGI from any of the merged cells.

Proposal 3:  When the shape of a cell has been modified and the change is considered minor, the eNB should notify neighbouring eNBs about the change while maintaining the same CGI.
The proposals above have been captured in the text proposal below. It is proposed to agree to the new text

4 Text Proposal

5.1.1 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. 

As an example, the explicit indicator could for example be an optional IE included the Served Cell Information IE exchanged over X2. 
Another example of an explicit indicator could be an optional IE added to the eNB CONFIGURATION UPDATE indicating modifications of cell coverage for one or more cells.
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:
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