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Discussion and decision
1. Introduction
In the last meeting, the simulation assumptions regarding HetNet and cell specific TTT were discussed. ([1], [2], [3]) There were proposals that suggested running the simulation with random UE drop and comparing the result with macro-only case to see portion of the problametic cases. This contribution shows that if picocells are deployed, number of handover due to the picocell (i.e., problametic case) would increase much depending on assumptions such as number of picocell in a macrocell, ratio of UEs staying in the picocell and macrocell, and so on.
2. Discussion
2.1 Handover increase due to picocell deployment
The number of handover is proportional to the UE speed and inversely proportional to the cell radius. If a macrocell is replaced by picocells as in the following figure, and the ratio of cell radius between the macrocell and picocell is (, the total number of handovers in the same area would be ( X Mmacro where Mmacro is number of handovers only with macrocells.
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Figure 1 Picocells and macrocell
Contribution of one picocell to the total number of handovers would be 1/(2 of total handovers. As hand-in and hand-out need to be considered at the same tiem if the pico cell is deployed within macrocell, actual contribution of one picocell would be 2/(2.

Therefore, total number of handovers for macrocell with k picocells can be expected roughly as follows:
HOtotal
= HO only with macrocell + HO due to k picocells




= Mmacro + (( X Mmacro) X (2/(2) X k





= (1 + 2k/() X Mmacro
The following figure shows total handover increase depending on the number of picocells per macrocell. It can be seen that the total number of handovers would increase almost 3 times if 10 picocells are located in a macrocell.
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Figure 2 HO increase due to picocells with uniform UE distribution
2.2 Handover increase with non-uniform UE distribution
As the picocell would be deployed mainly in the hotspot area, it is more reasonable to assume non-uniform UE distribution where more UEs will stay near or under picocells. The non-uniformness can be defined as ratio of staying UEs, Npico, the ratio between number of UEs within one picocell and number of total UEs under the whole macrocell coverage area.

The equation for total number of handovers with non-uniform UE distribution can be rewritten as follows:

HOtotal
= HO only with macrocell + HO due to k picocells





= Mmacro + (( X Mmacro) X (2 X Npico) X k





= (1 + 2k(Npico) X Mmacro
Figure 3 shows HO increase with non-uniform UE distribution. UE distribution was assumed that UE density in a picocell is 5 times more than the density of macro UEs. From the figure 3, it can be seen that the total number of handovers would increase much rapidly if more UEs are staying in the picocells.
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Figure 3 HO increase with non-uniform UE distribution and Concentration ratio 5
3. Conclusion
In this contribution, it is shown that number of handover increase due to picocell depends on various assumptions such as number of picocells per macrocell, and concenteration ratio (ratio of UE density) of UEs between the macro cell and picocells. When RAN2 discusses how big the problem is, these assumptions should be considered carefully.
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