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1 Introduction
In the recently approved HETNET WI [1] one of the objectives is the following.
· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.

In this contribution, we provide simulation results for the MSE enhancements as well as the Gradient approach as proposed in the companion paper [2].
2 Discussion
We have discussed the issues with MSE enhancement at UE and introduced the concept of gradient in the companion paper [2]. In this paper we discuss the simulations and compare the MSE and Gradient approaches. For the simulations, the evaluation metrics are as per TR 36.839 and the all radio parameters are according to TR 36.814.
2.1 Results of MSE Enhancement at UE 
We provide the following combination of results for understanding enhanced MSE. The simulation campaign was carried for:
· Rel 8 MSE
· MSE with enhanced counting (Enhanced MSE)
· MSE with enhanced counting + P2M offset (Combined solution)
· MSE with enhanced counting + P2M offset scaling (Combined solution with offset scaling)
One way to handle the P2M rates would be by introducing an offset that would expedite the P2M HOs. In order to expedite the P2M handover an offset (called as P2M_off) is introduced for only the P2M handover scenario. While evaluating the A3 event for the P2M handover case, this can be seen as:

RSRP(M) + P2M_Off > RSRP(P) + A3_Off (Entering Cond)

RSRP(M) + P2M_Off < RSRP(P) + A3_Off (Leaving Cond)

HetNet deployment with 4 picos/macro and 6 picos/macro is considered. The HOF rates, ping pong rates and Short ToS rates for these deployments are shown in Figure 1 and Figure 2 for 30 Km/hr and 60 Km/hr respectively.
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Figure 1: Performance Results Combined Solution with offset scaling (30 km/hr)
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Figure 2: Performance Results Combined Solution with offset scaling (60 km/hr)
From the simulation results (Figure 1 & 2) we have following observations 

Observation 1: Enhanced-MSE helps to bring down ping-pong rates and short TOS rates as expected but does not help in the P2M handover failure rate 

Observation 2: The P2M offset of 1dB helps to expedite the P2M handover bringing down the failure rate at the cost of increased ping-pong rates and short TOS rates.
Observation 3: Combined solution provides a trade-off between the P2M Handover failure rate and ping pong rates (short TOS rates) by further scaling the P2M offset.
2.2 Gradient results

This section considers resolving issues arising in Hetnet environments based on radio measures alone e.g. a solution based on the rate at which the radio signals change i.e. the gradient. We have considered two variants of the Gradient approach

1. Source Gradient: RSRPdiff(Source) = RSRPsource(N) - RSRPsource(N-1); N and N-1 interval is 100ms in our simulations

2. Source Vs Target Gradient: RSRPdiff =  RSRPpotential_target - RSRPsource

The gradient rule that has been used is if in 100ms the RSRPdiff > X, then apply TTT scaling. Gradient threshold is assumed to be 0.25 dB. 

Figure 3 shows the HOF rates, ping pong rates and Short ToS rates for 4 picos/macro and 6 picos/macro based on the source gradient when UE speed is 30 Km/hr. It is compared with the MSE results.
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Figure 3: Source Gradient based TTT scaling Vs MSE Combined Solution (30 km/hr, 0.25db Gradient threshold)
Figure 4 shows the HOF rates, ping pong rates and Short ToS rates for 4 picos/macro and 6 picos/macro based on the source Vs target gradient when UE speed is 30 Km/hr.
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Figure 4: Source Vs Target Gradient TTT scaling Vs MSE Combined Solution (30 km/hr, 0.25db Gradient threshold)
From the simulation results (Figure 3 & 4) we have following observations 

Observation 4: For the Source Gradient approach the HOF rates are in the range of the MSE combined solution (MSE with enhanced counting + P2M offset) but the Short TOS and the Ping-Pong rates are better 

Observation 5: For the Source Vs Target Gradient approach, both the HOF and the Ping-Pong/Short TOS results are better compared to MSE combined solution.
3 Conclusion
Proposal: RSRP (Gradient) based solutions seem to a better solution to address the HO performance issues in HetNets and will need to be considered further.
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Figure 5: Network Layout
Simulation parameters
Table 1 HetNet Radio Parameters.

	Feature/Parameter
	Notes
	Value/Description

	Bandwidth
	
	10 MHz

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	0.5 km

	Pico cell layout
	Number of picos per macro cell 
	4 or 6

	Macro-pico deployment type
	
	Co-channel

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)           [r in kms]

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)           [r in kms]

	BS Tx power
	Macro

Pico
	41.2288dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
Pico
	50 m
50 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	30 or 60 km/h

	UE movement
	How do the UEs move in the cell?
	Straight line throughout the call

	RSRP Measurement
	L1 measurement period
Measurement bandwidth
L1 sliding window size
	40 ms
6 RBs
5

	Handover preparation time
	Time from reception of UL A3 measurement report to sending HO command
	50 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310

N310
	-8 dB

-6 dB

1000 ms

1

	Cell identification
	
	Ideal

	DL Interference load
	Macro, Pico
	100% RBs loaded


Table 2: HetNet Mobility Parameters
	Profile
	Value

	UE speed [km/h]
	30 or 60

	TTT [ms]
	200

	A3 offset [dB]
	1

	L1 to L3 period [ms]
	100

	RSRP L3 Filter K
	1

	T_Evaluation (s)
	60

	Thyst
	30

	NCR_M (Medium mobility count)
	5

	NCR_H (High mobility count)

	10

	Sf_H = Sf_M

(Scaling Factor)
	0.5

	CQI_MEAS_PERIOD
	10ms

	Set
	8
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