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1. Introduction
It was agreed in the RAN2 82bis meeting that scaling TTT based on the target cell type seems unnecessary. While, the earlier research and simulation mainly focused on the sparse pico scenario. In this contribution, the HOF performance in the dense pico scenario is researched and system-level simulation is performed. We found that scaling TTT based on the target cell type is also beneficial in the dense pico scenario.

2. Discussion
The sparse pico scenario of two or four pico cells per macro cell was investigated in the earlier researches. While, more cells is likely to be deployed for the purpose of hotspot coverage or edge coverage in the realization. Compared with the sparse pico scenario, the handover failure is more likely to happen due to the stronger interference from the more pico cells. Therefore, the HOF performance in the dense pico scenario is worse than in the sparse pico scenario. The simulation is performed to investigate the HOF performance difference between the sparse and dense pico scenario. The dense pico scenario is modelled by 10 pico cells per macro cell. Figure 1 show the HOF rate in different pico scenarios. The HOF rate in dense pico scenario is much worse than the sparse pico scenario.
The basic simulation parameters are configured according to the set 3 defined in [1], the detailed parameters can be found in the Annex.
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Figure 1: HOF rate in different pico scenarios
Observation1: The HOF performance in dense pico scenario is much worse than the sparse pico scenario.

In our earlier contribution [2], the P2P handover was too rare to be evaluable, due to the sparse pico scenario of 2 pico cells per macro cell. While, in the dense pico scenario, the P2P handover is more likely to happen. The handover performance with different TTT settings is simulated. According to our simulation results, similar trends are observed in all the cases of UE speed at 30km/h, 60km/h. To be simple we take the 60km/h case as an example to show the trend.
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Figure 2: Handover failure rates of different handover types versus TTT settings
As shown in figure 2, P2P handover performs much worse than the other handover types. It is because the severe interference from other cells and small transmission power of pico cell make the signal strength of pico cell change rapidly, which makes the time window for P2P handover very short. Successful P2P handover requires very short TTT to fit the short time window. Assuming 5% is the acceptable handover failure rate for all handover types. If a common TTT value is configured for all handover types, the TTT value of 40 ms or smaller could satisfy the assumed requirement. But the overall short ToS rate would be around 60% when 40ms is configure according to figure 2, which is too high to be acceptable. 

Note: a short ToS is counted when a UE’s time-of-stay in a cell is less than 1 second.
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Figure 3: Overall short ToS rate versus TTT settings
It could be seen from figure 3 that longer TTT would reduce the overall short ToS. If individual TTT could be configured for different handover types, a relatively longer TTT could be configured for M2M, M2P and P2M handover. It could be 128 ms for P2M handover and 160 ms for M2P and M2M handover, which would satisfy the HOF requirement according to figure 1. And Due to the proportion of P2M, M2M and M2P handovers in the overall handover is very large, the overall short ToS rate would be reduced largely compared to configuring 40 ms for all handover types. In another simulation we configured the individual TTT for different handover types, the result shows that the overall short ToS is reduced by roughly 30% compared to configuring 40 ms for all handover types and all types of handover satisfy the HOF requirement. 
Therefore, scaling TTT value based on the source cell type as well as the target cell type could help to relieve the performance contradiction between the HOF rate and the short ToS rate in HetNet environment.
Observation 2: Scaling TTT based on the target cell type is also beneficial in the dense pico scenario
Proposal: RAN2 to agree on scaling TTT based on the source cell type as well as the target cell type.
3. Conclusion
In this contribution, we run a system-level simulation under a dense pico deployment and give out the simulation result. The result indicates scaling TTT based on the source cell type as well as the target cell type is beneficial.
Observation 1: The HOF performance in dense pico scenario is much worse than the sparse pico scenario.
Observation 2: Scaling TTT based on the target cell type is also beneficial in the dense pico scenario
Proposal: RAN2 to agree on scaling TTT based on the source cell type as well as the target cell type.
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5. Annex: Simulation parameters
Table 1: Summary of mobility related parameters
	HO Parameter
	Value

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

	Number of pico cells per macro cell
	2,4,10

	Cell Loading [%]
	100

	TTT [ms]
	40,64,80,160,100,128,160,256,320

	A3 offset [dB]
	2

	L1 to L3 period [ms]
	200

	RSRP L3 Filter K
	1

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB

	Channel model
	ITU

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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