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1 Introduction
One of the objectives of the SI “Study on HetNet mobility enhancements for LTE” [1] is: Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account.
In this contribution, potential issues in HetNet scenario are first analysed for the current mobility state estimation (MSE) mechanism. Possible enhancements are discussed along with simulation results.
2 Discussion
In the release 8 MSE, UEs count handovers/cell re-selections during time period T_Evaluation and T_HystNormal. A UE detects its mobility state based on the number of handovers/cell re-selections. If the number of handovers/cell re-selections during the time period T_Evaluation exceeds NCR_H then the UE enters High-mobility state. If the number of handovers/cell re-selections during the time period T_Evaluation exceeds NCR_M but does not exceed NCR_H, then the UE enters Medium-mobility state. If either Medium or High-mobility state is not detected during time period T_HystNormal, then the UE enters Normal-mobility state. For connected mode UE scales the timeToTrigger (TTT) or Treselection (idle mode) based on its mobility state and if High-mobility state is detected, TTT is scaled by a SF_H value. For Medium-mobility state, TTT is scaled by SF_M and for normal mobility no scaling is applied.
The expected behaviour of Rel 8 MSE in HETNET with increased density of pico cell deployments is that it would increase the handover count resulting in wrong mobility state estimation (increased medium or high state) and the related scaling of TTT would result in increase in ping-pong rates (unnecessary handover). Scaling of TTT would also result in increase in short Time of Stay (TOS) rates. 
In this contribution we have considered a simple enhancement to the Rel 8 MSE (applicable only for Hetnet) where Handovers to and from pico cells are not counted. Only the macro to macro handover counts are used for mobility state estimation [2]. The expected behaviour of this enhancement is that the mobility state estimation would be similar to homogeneous network and the Ping-pong rates and Short TOS rates are expected to reduce. 
Simulation
The performance results with counting only the Macro to Macro handovers for the mobility state estimation in a HETNET scenario is provided in this section. 
For the simulations, the Evaluation Metrics are as per TR 36.839 and the all radio parameters are according to TR 36.814. The mobility specific parameters are listed in Table1.
Table 1: Configurations for the HetNet mobility simulation
	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

	NCR_M (Medium mobility count)
	5

	NCR_H (High mobility count)

	10

	Sf_H = Sf_M
	0.5
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Figure 1: Performance Result Enhanced MSE (30 km/hr)
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Figure 2: Performance Result Enhanced MSE (60 km/hr)
From the results we see the following:
Observation 1: As expected (with the enhanced MSE) the ping pong rates and short TOS rates reduce for all simulated cases. 
Observation 2: Enhanced MSE slightly worsens the Pico to Macro (P2M) handover failure rates.
As we consider the P2M handover failures as an all together another problem area which will need additional mechanisms to mitigate, it is handled in another contribution [3].
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Figure 3: Distribution of handovers

From the simulations, Half of Handover attempts are Macro to Macro (M2M) handovers (Figure 3). The Macro to Pico (M2P) and Pico to Macro (P2M) are rest of the half with almost equal distribution. Pico to Pico (P2P) handovers are negligible to have any statistical significance, M2M handover attempts reduce by 5% in 6 pico deployment scenarios.
3 Conclusion
Simulations are performed to evaluate the potential impact of Release 8 MSE on HETNET mobility performance. Simulation results demonstrate that there is performance gain by enhancing MSE mechanism for HetNet deployment specifically for the ping pong rates and short TOS rates
Proposal 1: RAN2 is requested to agree on the necessity for enhancements to the MSE in TR 36.839 for further studies. 
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5 Appendix
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Figure 3: Network Layout
Simulation 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
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