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1. Introduction
During last meeting the calibration of large area hetnet mobility simulation was finished. The results indicate that handover performance in hetnet deployments is not as good as in macro only deployments. However, only one simple case of pico cell deployment is used, where the pico cell is uniformly placed at the center point on the border between two macro sites. Therefore, the following proposal was agreed in last meeting:
We will study more pico cell deployments e.g. with pico cells placed within the macro cell coverage (not only at the macro cell border) and with more pico cells per macro cells.
In this contribution, we simulate several scenarios with different pico cell placement and analyze its impact on system performance.
2. Simulation Scenarios
There are two motivations for deploying pico cells: one is to enhance capacity by placing pico cells in hotspot, the other is to enhance coverage through deploying pico cells at the macro coverage edge or the coverage hole. Therefore, following three scenarios are investigated:
Case 1: Pico is deployed for coverage enhancement. 
In large area hetnet calibration simulation 1 pico cell was deployed per macro cell at macro cell border. This can be considered as a typical deployment of case 1.
Case 2: Pico is deployed for capacity enhancement. 
Considering pico cells are usually coordinated deployed, we uniformly deploy 2/4 pico cells within per macro cell as showed in figure5 in appendix. The distance between each pico cell site and macro cell site is 0.3ISD.
Case 3: Mixed deployment.

Mixed deployment means that some picos are placed for coverage enhancement and some are for capacity enhancement. In this case we deploy 3 pico cells: 1 pico cell per macro cell at macro cell border as case 1 and two pico cells within per macro cell as case 2, as presented in figure6 in appendix. 

Pico and macro cells are deployed on the same frequency layer.
3. Simulation Results
The set 3 of the configuration parameters in [1] are adopted in this simulation. Other simulation assumptions, e.g. radio parameter configuration, mobility parameters, and UE placement, are set according to [1]. The UE speed is configured as 30km/h, 60km/h and 120km/h respectively. For convenient, we have the following abbreviations:
M-P: Macro to pico handover;

P-M: Pico to macro handover;
M-M: Macro to macro handover;
P-P: Pico to pico handover;
HOF: Handover failure;

Case 2(x pico): In case 2, x pico cells are uniformly deployed within per macro cell.
3.1. RLF Results

Figure 1 shows the results of RLF/UE/s with different speed (30km/h, 60km/h and 120km/h) and deployments (case 1, case 2(2 pico), case3, case2(4 pico)).
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Figure 1 RLF performance

In figure 1, RLF only occurs in state 2.

Compared with case 1, case 2(2 pico) and case 3, RLF become high with the increase of pico number when the speed of UE is 30km/h. But it is not a linear increase. The number of RLF in case 3 is bigger than the sum of case 1 and case 2(2 pico). 
Observation 1: The number of RLF in mixed deployment is larger than the sum of coverage and capacity enhancement deployment..
When UEs are moveing with 60km/h, the number of RLF is first declined from case 1 to case 2(2 pico) and then increased from case2 (2 pico)  to case 3. The same trend also appears when the UE speed is 120km/h. Different from case 2, the pico in case 1 is deployed on the edge of two macro cells. The signal quality of pico cell in case 1 deteriorates faster than in case 2.Therefore, the signal quality in case 1 deteriorates so fast that more RLF may occur. Meanwhile, in this simulation the mobility state estimation is not applied. TTT is a constant value for any mobility state of UE. Therefore, during the same period of TTT, the change in signal quality for UEs with speed of 60 km/h and 120km/h is faster than that for 30km/h UEs. It is more sensible for the change of signal quality when the UE speed is high (e.g. 60 km/h or 120km/h). That is the reason that the RLF is decreased in case 2(2 pico) when the UE speed is 60 km/h or 120km/h, not 30 km/h.
Observation 2: The number of RLF for which pico cells are deployed on macro cell edge may be more than that pico cells are placed inside the macro cell.
Compared with case 2(2 pico) of the same UE speed, the RLF number in case 2(4 pico) is increased. However, it is not a strict proportionate increase.
Observation 3: With the increase of the number of pico cells (for capacity enhancement), the number of RLF is nonlinearly increased.
3.2. HO performance
Figure 2 shows the HOF performance in state 2, state 3 and the whole HOF performance with different speeds and different pico placements.
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Figure 2 Handover failure  performance(part I)
As showed in figure 2, no matter where the pico(s) are deployed, most handover failures occur at state 2, i.e. the handover preparation phase. 
Compared with case 1, case 2(2 pico) and case 3 with the same UE speed, the rate and number of HOF is increased with the increase of pico number. But the rate of HOF in case 3 is a bit smaller than the sum of case 1 and case 2(2 pico), while the number of HOF in case 3 is a bit bigger than the sum.

Observation 4: The HOF performance in mixed deployment is not equal to the sum of coverage and capacity enhancement deployment.
In the case of 120 km/h, the rate and the number of state 2 HOF first declines from case 1 to case 2(2 pico) and then increases from case2(2 pico)  to case 3. As the analysis in RLF performance, these fluctuations may be related with the difference between pico placed on edge and inside. The pico placement on edge has bigger and worse impact on mobility performance than that inside of macro cell.

Compared case 2(4 pico) with case 2(2 pico), the rate and number of HOF is disproportionate increased.
Observation 5: With the increase of the number of pico cells (for capacity enhancement), the HO performance is nonlinearly descending.
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Figure 3 Handover failure  performance(part II)

As present in figure 3, the trend is similar for different speed. The rate of P-M HOF is higher than that of M-P and M-M HOF despites the placement of pico cells. However, the rate of P-M HOF is increased with some fluctuations. In the case of 60km/h, the rate of P-M HOF in case 2(2 pico) is lower than in case 1. And in the case of 120km/h, the rate of P-M HOF in case 1 is higher than in case 2(2 pico) and case 3. These fluctuations also exist in M-P HOF. These changes may be also caused by the different impact when pico(s) are placed on edge or inside of macro cell, as analysis in RLF performance.
Observation 6: The HO performance when pico cells are deployed on edge may be worse than that when pico cells are placed inside the macro cell.
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Figure 4 Handover failure  performance(part III)
From figure 4, no matter where the pico(s) are deployed and the speed of UEs, the number of M-M HOF is bigger than any other types of HOF. For the improvement on mobility performance, the M-M HOF may be considered.
P-P handover is raised with the increased density of pico deployment. Although in figure 3 the rate of P-P HOF is the highest than any other types of HOF, the number of P-P HOF is much smaller than other cases, as showed in figure 4. The impact of P-P handover on whole system performance is small.
Observation 7: The impact of P-P handover on whole system performance is small.
Combining the results of RLF and HOF, we can find that:

1) With the increased number of pico cells, the mobility performance is descending. But it is not linearly decreased.

2) The impact on mobility performance when pico cells are deployed on macro cell edge may be worse than that when pico cells are placed inside the macro cell. It needs further study.
Proposal 1: With the increased number of pico cells, the mobility performance is nonlinear descending.
Proposal 2: The impact on mobility performance when pico cell is deployed on the edge of macro cell is different from that when pico cell is placed inside of macro cell. It needs further study.
4. Conclusion
In this contribution, we simulate several scenarios with different pico cell placement: case 1 with 1 pico placed in macro border for coverage enhancement, case 2 with 2/4 pico placed uniformly placed in macro cell for capacity enhancement, and case 3 for both coverage and capacity enhancement. Based on the simulation results, we have the following proposals:
Proposal 1: With the increased number of pico cells, the mobility performance is nonlinear descending.
Proposal 2: The impact on mobility performance when pico cell is deployed on the edge of macro cell is different from that when pico cell is placed inside of macro cell. It needs further study.
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6. Appendix

[image: image14.emf]        
                       Figure 5 Case 2 with 2 pico per macro cell 
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Figure 6 Case 3
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Figure 7 Case 2 with 4 pico per macro cell

	Profile
	Set 3

	UE speed [km/h]
	{30, 60, 120}

	Cell Loading [%]
	100

	TTT [ms]
	160

	A3 offset [dB]
	2

	L1 to L3 period [ms]
	200

	RSRP L3 Filter K
	1


Table 1 Configuration parameter sets of set 3
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