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1
Introduction
In RAN3#86 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 SON function refers here to the capability of executing AAS reconfiguration autonomously in an eNB). The impact of using different PCIs compared to using the same PCIs for cells to be split/merged was 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 sectorisation sheds light on some important aspects that need to be considered during the standardisation procedure of features related to splitting or combining processes. This contribution discusses the results obtained in the vertical sectorisation SON study as part of the SEMAFOUR project [1].
2 
Discussion

2.1

Time dynamicity aspects
A LTE system level simulator operating in a realistic environment was used for the analysis of the benefits of sectorisation using SON functionality. Details of the simulator implementation can be found in [2]. The results of the research carried out in [1], regarding the SON decision timing for the activation / de-activation of vertical sectorisation (time dynamicity study) are shown in Figure 1. These results are obtained from the simulation of one hour of heavily loaded network under realistic traffic distribution. The average call arrival rate for these simulations was 70 data calls / sec for a 3 x 5 km2 area with a deterministic call size of 16 Mb, which translates to 43.8 Mb/s/km2. Since both the layout and traffic densities are realistic (including traffic hot-spots) and include both urban and suburban cells with various ISDs, the aforementioned load means that some cells were operating close to their capacity limit (mostly urban cells around traffic hot-spots), while others were lightly loaded (mostly suburban cells). Some of the assumptions during the simulations are:

1) No UE mobility is simulated

2)  NO handover implementation: The HO is simulated to be instantaneous switching between the cell/sectors and no HO penalty is introduced in terms of UE throughput computation.

3) No impact of network signalling is considered in the simulations.

No cross cell co-ordination function has been considered in the simulations.
The results of using the SON function are given both in terms of cell edge user throughput and the average user throughput. Differently coloured bars indicate the different time dynamicity of the SON algorithms. Each bar represents a different time interval on which a decision is made to split/merge a cell ((un)-sectorise) based on current traffic load and distribution. For example, SON VS – Per Call configuration in the figure corresponds to making a decision on (de)activating the VS based on the inner and outer cell load distribution as and when a new call comes into the system or when a call finishes in the system. The configuration SON VS-t=10sec, operates the SON function for every 10 seconds and it still considers the instantaneous load measurements in the inner and the outer cell to make the decisions. It must be noted that the merged and split status of the network are pre-configured. When a cell is split, the inner sector created has an electrical down-tilt of 8 degrees (the outer sector has no electrical down-tilt) and acquires half of the total transmit power, while the other half remains to the outer sector. These values for down-tilt and transmit power are the optimum values for the network under examination, regarding performance as indicated by a controllability and observability study (see [2]). 
The results are also given when there is no sectorisation (No VS) and when the sectorisation is activated for the entire duration of the simulation, in all the cells of the network (Full VS), i.e. when no SON functionality is present. The green bar represents the case where the SON function is given the highest degree of freedom and a split/merge decision is made upon the arrival / departure events of data calls in the network. It must be noted that in each of the cells that undergo sectorisation, the same parameters are used for sectorisation (in terms of electrical down-tilt and power split, no configuration dynamicity).
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Figure 1 : Results (in terms of cell edge user throughput and average user throughput) from vertical sectorisation SON function in a realistic network scenario.

Based on these results, the full potential of vertical sectorisation is met when a very high time dynamicity is used, i.e. when a decision for splitting / merging a cell is taken on a per call basis. Carrying out the SON decisions with less time dynamicity will deteriorate the performance as the load distribution information will not be optimal for the entire duration on which the SON function decision is applied. This deterioration is due to the fact that the traffic load and distribution both present small auto-correlation at this time scale. It must be noted, that realistic traffic load and distribution maps from a real LTE network were used for this study (see [2]) and that results can be different for different simulation assumptions (e.g. lower loads). Under low load conditions, the gain from VS as such is not large. This can be seen in the Figure 2.

Observation 1: When taking the VS function in isolation, high time dynamicity may be beneficial for achieving the SON function gains from sectorisation. Lower time dynamicity may result in lower gains from split/combine process.   
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Figure 2 : Impact of different load condition on the gains of vertical sectorisation.

When the cell splitting and merging is carried out very frequently, the overhead of the sectorisation process will add up. In the simulations, handovers are simulated as instantaneous switching of the served calls between the cells (no HO performance penalty implemented) and the number of total handovers that result because of splitting or merging is recorded. One of the two cells undergoing the split/merge process is assumed to be re-using the same PCI to reduce the handover overhead. During these simulations it was assumed that the PCI of the original un-sectorised cell is inherited by the inner sector after VS. The number of total Handovers in the network as well as the percentage of users served by the inner sectors, are shown in Figure 3. 
As expected, the number of HO increases with time dynamicity which may negatively impact performance. Moreover, it is noted that the percentage of total users being served by the inner sectors, when splitting a cell, is relatively low compared to the total number of users in the network (between 4% and 18%). This is expected given the fact that inner sectors are significantly smaller in size compared to the outer sectors. Since in this study the PCI was inherited from the inner sector, all the calls being assigned to the outer sector after VS, would have to be handed over. The fact that the largest portion of calls are being served by the outer sectors during VS, suggest that a different PCI re-use scheme, e.g. inheritance of the PCI by the outer sector, would lead to a reduction in handovers (subject of ongoing study). In the absence of PCI re-use, one might expect even higher number of handover overheads at the time of split/merge. Even in the presence of PCI re-use, one needs to allow flexibility to have different PCI re-use schemes that optimally reduces the number of handovers during the split/merge process. Therefore, the flexibility of the PCI re-use, which is based on the degree of time dynamicity, should be implementation dependent and therefore needs to be allowed while considering standardisation.
It must be noted that the No VS or the Full VS cases are not shown in the Figure 3. For these configurations, there will be no additional HOs as they are static configurations and UE mobility is not modelled. 
Proposal 1: Possibility of implementing specific re-use of PCI should be considered during split/merge as it reduces number of required HOs.
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Figure 3 : Number of handovers and percentage of users served by inner sectors in the entire network.
Having high time dynamicity will result in short time for collecting statistics to work with for some other SON functions like MRO. When only a few of the split/merged configurations are used (in vertical sectorisation case considered in this work, with fixed tilt and power values, there are only two configurations), one can accumulate the statistics across multiple appearance of the same state and use it for decision making in the SON functions. Therefore, having repeated appearance of a particular state under high dynamicity need not impose any restrictions on other SON functions like MRO.

Observation 2: Repeated appearance of different states in the split/merged scenario under high time dynamicity will not prevent collecting statistics for a state, if the state is known. Therefore, high dynamicity in itself need not impact other SON functionalities like MRO, if the MRO is aware of the current deployment state.
Based on the above observation and under the mentioned assumptions, it is conceivable that a high dynamicity / reactivity SON algorithm can be applied to a network for maximizing the gains from a split / merge functionality of the cell. If practical implementation of such a high dynamicity cell splitting / merging is difficult to be achieved, then a more practical implementation of a quasi-static process can also offer significant gains especially for periods of high traffic load. The exact impact that such a high dynamicity implementation might have on the network signalling, has not been evaluated yet within [1].

Observation 3: If high time dynamicity of cell splitting/ merging is sought, impact on requirements for signalling should be considered. Although not optimal, quasi-static cell merging / splitting for high traffic load can provide significant gains.

The research leading to these results was carried out as part of the SEMAFOUR project [1] and has received funding from the European Union, Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 316384.
3 Conclusions
The following proposals were made:

Proposal 1: Possibility of implementing specific re-use of PCI should be considered during split/merge process.
Observation 1: When taking the VS function in isolation, high time dynamicity may be beneficial for achieving the SON function gains from sectorisation. Lower time dynamicity may result in lower gains from split/combine process.   

Observation 2: Repeated appearance of different states in the split/merged scenario under high time dynamicity will not prevent collecting statistics for a state, if the state is known. Therefore, high dynamicity in itself need not impact other SON functionalities like MRO, if the MRO is aware of the current deployment state.
Observation 3: If high time dynamicity of cell splitting/ merging is sought, impact on requirements for signalling should be considered. Although not optimal, quasi-static cell merging / splitting for high traffic load can provide significant gains.
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