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1
Introduction

In RAN3#87 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. The impact of using different PCIs compared to using the same PCIs for cells to be split/merged was also brought up.

Sectorisation is one such split/combine feature that could be used to understand the benefits of this functionality and also regarding the circumstances when it is beneficial.  The results of using a SON function for sectorization sheds light on some important things to be considered during standardising features related to splitting or combining processes. This contribution discusses the results obtained in the vertical sectorization SON study as part of the SEMAFOUR project [1].
In the previous 3GPP meeting some of the results from the SEMAFOUR project were presented [2]. In this contribution, the need for flexibility when allocating the PCI is further highlighted.

2 
Discussion

The results presented previously in [2], was confined to one aspect of PCI re-use where the inner sector was allowed to inherit the PCI value of the unsectorised cell. As the outer sector tends to cover a larger geographical area compared to the inner sector, more handovers were observed at the moment of switching from sectroised to un-sectroised case and vice-versa. 

In this contribution, the results are presented regarding what happens to the number of required handovers when the inheritance of the PCI can be done by inner or the outer sector respectively. The results are given in Figure 1. Some of the simulation assumptions used in generating these results include:

1) The handovers shown in the Figure 1 are purely due to the sectorisation process and do not include any mobility related handovers as mobility was not modelled in these simulations. Therefore, in the case of cell splitting, the handovers shown in Figure 1 are due to the users that need to be handed over to the newly formed sector that did not inherit the PCI from the unsectorised cell at the moment of splitting. Similarly, in the case of cell merging, the handovers shown in Figure 1 are due to the handing over of users in the sector whose PCI is not inherited by the newly formed cell at the moment of merging.

2) At the time of merging two sectors, the sector whose PCI gets discontinued will be switched off and the sector whose PCI gets inherited by the new un-sectorised cell will change its antenna parameters at the instant of switching i.e., there is no delay in switching from sectorised to un-sectorised case (i.e., instantaneous). The same holds true for splitting scenario as well.

3) Handover process is not simulated i.e., instantaneous switching of cells is assumed but the number of such switching is kept track of.    

The solution of inner sector inheriting the PCI from the un-sectorised cell creates more handovers during the split/combine process compared to the scenario when the outer sector inherits the PCI from the un-sectorised cell. Only in a few cases it may occur that the number of users in the inner cell is larger than that of the outer cell at the time of sectorizing and inheriting the PCI by the inner cell. Such cases will result in less handovers than if the outer cell inherits the PCI. Flexible allocating PCI is again beneficial as the benefits are mainly dependent on the number of users in the inner and outer cell at the moment of sectorization/un-sectorization. It can be observed that, though outer-sector inheritance seems to perform better than the inner-sector inheritance, it does not solve the problem as a whole. 
OBSERVATION 1: No single solution of inner sector inheriting the PCI or the outer sector inheriting the PCI always solves all the handover issues in a cell at the time of split and the same can be said about the merge as well.

Also, a scenario that is not simulated in SEMAFOUR is that of carrying out the split/merge at a time when there is no UE active in the cell/sectors undergoing change. In such scenarios one could use completely different PCI from the PCI pool allocated to the eNB as this does not add any additional handovers in the scenario. 

OBSERVATION 2: If the process of split or merge is carried out when there is no UE active in the considered cell/sectors, then there is no harm to use a different PCI from the PCI pool allocated to the eNB.
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Figure 1 : Relative number of HOs performed network wide for different PCI inheritance strategies vs time dynamicity (τ) of SON VS 
Therefore it is proposed that the PCI inheritance should be flexible depending on the scenario under evaluation.

PROPOSAL 1: It is proposed to allow flexible PCI allocation schemes when a cell undergoes split/merge wherein the cell could either re-use or not re-use the PCI depending on the scenario. Also when the PCI is re-used, it is allowed to be flexible in deciding to/from which sector the PCI is re-used. 
3 Conclusions
The following proposals were made:

PROPOSAL 1: It is proposed to allow flexible PCI allocation schemes when a cell undergoes split/merge wherein the cell could either re-use or not re-use the PCI depending on the scenario. Also when the PCI is re-used, it is allowed to be flexible in deciding to/from which sector the PCI is re-used. 
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