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1
Introduction
In [2]-[5], a range expansion technique in HetNets where two carriers F1, F2 are deployed is introduced by reducing the macro power on F2 to the same level of LPN. This technique facilitates offloading to the LPNs thereby improving system performance. Further improvement can be obtained by employing DF-DC in the range expansion area. 
Lowering the macro power may create potential concerns from a mobility perspective, especially when the primary carrier is F2 and the power is reduced on the same carrier. This contribution presents the results of a simulation study that reveals the impact of macro power reduction on mobility.
2
Simulation Assumptions
It is assumed that the primary carrier is the one on which some macros perform power reduction. In this study, we will focus on this carrier. The assumptions necessary for the mobility simulation are taken over from [1], along with the UE dropping/route selection criteria. We consider the case of 30dBm LPN Tx powers in a HetNet with 1 LPN per macro sector. The baseline is comprised of the macro only case with 43dBm macro power and the HetNet case without macro power reduction.

Performance metric

We adopt the same mobility performance metrics which are the handover (HO) failure rate and ping-pong rate [1].

In our simulation, a handover failure (HOF) is declared
· If pre-R8 mobility procedure (serving cell change, or SCC) with SRB transmitted over the DCH channels (SRBoDCH) is used, and if the combined SINR from the cells in the active set is less than -12.5dB upon receiving the HO command (e.g., a RadioBearerReconfiguration message);
· If pre-R8 mobility procedure with SRB transmitted over the HS channel (SRBoHS) is used, and if the SINR from the serving cell is less than -12.5dB upon receiving the HO command;

· If R8 mobility procedure (enhanced serving cell change, or eSCC) with SRBoHS is used, and if the SINR from the serving cell is less than -12.5dB upon receiving the HO command AND if the SINR from the targe serving cell is less than -21dB upon receiving the HS-SCCH order;

· If, regardless the mobility procedure, the SINR from the serving cell is less than -12.5dB upon receiving the ActiveSetUpdate that added the target serving cell into the active set.
A ping-pong is declared if a handover pattern cell A(cell B(cell A is detected and the time the UE spends with cell B is less than 1 second.
The definition of the handover failure (HOF) rate is given as

HOF rate = no. HOF / no. HO.

The definition of the ping-pong rate is given as

Ping-pong rate = no. ping-pong / no. successful HO.

Mobility model

The simulation is carried out on a conventional 57 macro cell layout with wrap around. When we perform the macro power reduction, we lower the Tx power of the centre macro NodeB and its first tiers (i.e., 21 macro cells in total) to the same level as the LPNs, as shown in Figure 1.
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Figure 1 In a 57 macro cell layout, macro power reduction is performed in the 21 macro cells in pink. A UE hits the boarder (arrow) wraps around (dashed line) and re-enters the border (arrow) from the opposite side. 
The performance metrics are averaged over multiple UE drops. The drops are random in the 57 cell layout. Each time a UE is dropped, the UE randomly chooses a direction and moves in a straight line at a constant speed. If the UE hits the layout boarder, he re-enters the layout from the opposite side. At any time the UE experiences interference from at least two tiers of macro cells and the LPNs under their coverage.

Mobility parameters

The key mobility parameters are summarized in Table 1. They are part of the assumptions agreed in [1].
Table 1 Key mobility simulation parameters.

	Parameter
	Value

	Cell loading [%]
	100

	Number of sites/sectors
	19/57

	LPN deployment method
	Random placement: LPN randomly and uniformly placed within a macro cell satisfying the distance requirement

	UE speed  [kmph]
	3, 30, 60, 90,120

	UE movement
	Random

( After initially being dropped at a random location, the UE will randomly select a direction and move in a straight line at a constant speed)

	Event 1A, 1B Reporting Range [dB]
	1A 4.5, 1B 4.5

	Event 1A, 1B, 1C TimeToTrigger [ms]
	1A 320, 1B:640 1C:320

	Event 1A, 1B, 1C Hysteresis [dB]
	1A:0dB, 1B:0dB, 1C:1dB

	Event 1A, 1B Maximum Network Delay [ms]
	200 for SRB over DCH and 100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1a, E1b) on the UL till the time it receives a L3 confirmation on the DL ( ASU ))

	Event 1D TimeToTrigger [ms]
	160, 320, 640

	Event 1D Hysteresis [dB]
	3

	Event 1D Maximum Network Delay [ms]
	200  for SRB over DCH and 100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1d) on the UL till the time it receives a L3 confirmation on the DL ( RBR or PCR))

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms)
	3

	CIO [dB]
	0 for macro, 3dB for LPNs

	Max active set size
	3


2
Simulation Results
2.1
Handover Failure Rate

Macro only

This is one of the baseline cases to be compared with. Note that for SCC with SRBoDCH and eSCC with SRBoHS, the HOF rates are quite low for all 1D TTTs and UE speeds. SCC with SRBoHS has the highest HOF rates.
HetNet without macro power reduction and 30dBm LPN Tx power
This is the second baseline case. In a HetNet with 1 LPN per macro sector, the HOF rates increase for all mobility procedures, especially at high speeds. This is expected as the deployment of LPNs creates more interference to the system, having an impact on mobility in general. 

The HOF rates for SCC with SRBoDCH and eSCC with SRBoHS are still quite low (increase is not significant). The HOF rate increase for SCC with SRBoHS is more significant. 
HetNet with macro power reduction (30dBm LPN Tx power)

With macro power reduced to the same level as LPN (30dBm), compared to the baseline case of HetNet without macro power reduction, the change in HOF rates is NOT significant for all mobility procedures. The HOF rates for SCC with SRBoDCH and eSCC with SRBoHS remain quite low.
2.2
Ping-pong Rate

Macro only

The ping-pong rates in the macro only case serve as one of the baseline cases. All three mobility procedures have similar ping-pong rates. The ping-pong rates are most significant at low UE speed. At high speed, the ping-pong rates are uniformly low.
HetNet without macro power reduction and 30dBm LPN Tx power
In a HetNet with 1 LPN per macro sector, the ping-pong rates increase significantly. UEs at medium speeds also see a high rate of ping-pongs. There is no macro power reduction. LPN Tx power is 30dBm and macro Tx power is 43dBm. There is no appreciable difference in ping-pong rates for the three mobility procedures.
HetNet with macro power reduction (30dBm LPN Tx power)

If we set the LPN Tx power to 30dBm and reduce the Tx power of some macros to 30dBm, the ping-pong rates remain essentially the same. There is no difference across the three mobility procedures. It can be concluded that macro power reduction has little effect on ping-pong rates.
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Figure 2 HOF rates of SCC with SRBoDCH in a HetNet (1 LPN per macro sector) without macro power reduction.
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Figure 3 Ping-pong rates of SCC with SRBoDCH in a HetNet (1 LPN per macro sector) without macro power reduction.
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Figure 4 HOF rates of SCC with SRBoDCH in a HetNet (1 LPN per macro sector). Macro power reduced to 30dBm.
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Figure 5 Ping-pong rates of SCC with SRBoDCH in a HetNet (1 LPN per macro sector). Macro power reduced to 30dBm.
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Figure 6 HOF rates of eSCC with SRBoHS in a HetNet (1 LPN per macro sector) without macro power reduction.
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Figure 7 Ping-pong rates of eSCC with SRBoHS in a HetNet (1 LPN per macro sector) without macro power reduction.
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Figure 8 HOF rates of eSCC with SRBoHS in a HetNet (1 LPN per macro sector). Macro power reduced to 30dBm.
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Figure 9 Ping-pong rates of eSCC with SRBoHS in a HetNet (1 LPN per macro sector). Macro power reduced to 30dBm.
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Figure 10 HOF rates of SCC with SRBoHS in a HetNet (1 LPN per macro sector) without macro power reduction.
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Figure 11 Ping-pong rates of SCC with SRBoHS in a HetNet (1 LPN per macro sector) without macro power reduction.
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Figure 12 HOF rates of SCC with SRBoHS in a HetNet (1 LPN per macro sector). Macro power reduced to 30dBm.
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Figure 13 Ping-pong rates of SCC with SRBoHS in a HetNet (1 LPN per macro sector). Macro power reduced to 30dBm.


3
Conclusions
In this contribution paper, we presented a simulation study on the impact of macro power reduction, a range expansion technique to be used in heterogeneous networks, on mobility. The following cases are examined:
· Macro only

· HetNet, 1 LPN per macro sector, 30dBm LPN Tx power, 43dBm macro Tx power, no macro power reduction

· HetNet, 1 LPN per macro sector, 30dBm LPN Tx power, 43dBm macro Tx power, some macro Tx power reduced to 30dBm

We looked into the HOF and ping-pong performance of three mobility procedures: SCC with SRBoDCH, eSCC with SRBoHS and SCC with SRBoHS. From these results it can be concluded that:
· Macro power reduction has little impact on HOF rates.

· HOF rates are quite low for SCC with SRBoDCH and E-SCC with SRBoHS in all cases.

· With macro power reduction, there is some change in HOF rates for SCC with SRBoHS, but in overall the change is small.

· Macro power reduction has essentially no impact on ping-pong rates.
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Annex

The results of HOF rate and ping-pong rate for the macro only case are included in the annex.
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Figure 14 HOF rates of SCC with SRBoDCH in the macro only case.
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Figure 15 Ping-pong rates of SCC with SRBoDCH in the macro only case.
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Figure 16 HOF rates of eSCC with SRBoHS in the macro only case
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Figure 17 Ping-pong rates of eSCC with SRBoHS in the macro only case.
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Figure 18 HOF rates of SCC with SRBoHS in the macro only case
	[image: image19.emf]3 30 60 90 120

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

UE speed - kmph

Ping-pong Rate

scc PA3 K=3 dual PD0 PP30

 

 

1D TTT = 160ms

1D TTT = 320ms

1D TTT = 640ms


Figure 19 Ping-pong rates of SCC with SRBoHS in the macro only case.


