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1.
Introduction
In this paper, we evaluate the uplink interference experienced by a Femto-cell from a UE that is connected to a Macro Node B, when the UE and Femto-cell are located in close proximity (i.e. both located in a home).  It is assumed that the Macro and Femto cellular layers are deployed on adjacent frequencies, so the relevant specification is adjacent channel selectivity (ACS).  The impact of interference is evaluated in terms of SIR, and current transceiver specifications [1] will be used in the analysis.
2.
Description of the interference scenario
The Macro-cell connected UE (MUE) is located within the same home as the Femto-cell, and has a call established at full power.  The Femto-cell UE (FUE) has already established a call. Figure 1illustrates the interference scenario.
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Figure 1: Illustration of the Interference Scenario.

3.
Analysis
A frequency separation of 5 MHz between Femto-cell UE (FUE) and Macro-cell UE (MUE) is considered. The parameter settings that are used in the analysis are given below.  Antenna gains are not part of the analysis, as they affect all signals and thermal noise is negligible compared to the interference.

Adjacent Channel Selectivity (ACS) of the Femto-cell receiver for is around 46 dB, Table 7.5.1-3 [1].    

The following parameters were taken from the Evaluation Methodology Document [2]:
- Femto AP TX power: 20 dBm EIRP

- Macro UE TX power: 24 dBm EIRP

- Building Penetration Loss: 20 dB

- Pathloss Model UE to AP:  PL (dB) = 38.46 + 20 log10R + 0.7R
Table 1: Suburban femtocell modelling parameters.

	Parameter
	Value

	House size
	12x12m

	House+Lot size
	(12f) x (12f) m with f chosen to give desired probability of femto UE being outdoors when randomly dropped in total area of house plus lot.

	Probability femto UE outdoors
	10%

	Macro UEs allowed in femto house
	Yes, macro UEs are randomly dropped within macro coverage area, and a macro UE may happen to be dropped within the 12x12m femto house

	Macro UEs outdoors
	No – all macro UEs are indoors (either in femto house or another house)

	Allow Femto houses+lots to overlap
	No

	Minimum separation UE to femto BS
	1m

	Minimum separation femto BS to macro BS
	35m

	Number of active femto UEs per femto-cell
	1

	Distribution of femto houses
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint.

	Distribution of femto UE within femto house
	Random uniform, subject to minimum separation to femto BS

	Distribution of femto BS within femto house
	Random uniform


4.
Main Findings

If the receiver operates in the linear region, then the interfering signal is attenuated by the ACS, and an outage is said to occur if the SIR is below the minimum requirement.  It is assumed that as the noise rises, due the approach of a MUE, the FUE will power up, up to its own maximum power.  To determine the probability of outage, we allow both the FUE and the MUE be randomly and uniformly located in the home.   Both are set to maximum power.    Figure 2 gives the distribution of SIR for ACS equal to 46 dB.  For 95% of the locations the SIR is greater than 27 dB.  If the required SIR is higher, the outage would be correspondingly higher.  Since the observed outage is low, it is concluded that allowing the FUE to adjust it’s transmit power to the noise rise is an effective strategy.
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Figure 2.  SIR for ACS = 46 dB, for suburban house.

Note, if the FUE increases power, this will increase co-channel interference at other Femto-cells.  Since these other Femto-cells are far way in this scenario, i.e. high path loss, this will in turn cause the neighbouring FUEs to increase their own power by a small amount, and thus the effect of the MUE is spatially limited.

5.
Conclusions

We have carried out an analysis of the interference scenario based on link-budget, Monto Carlo simulation, using current specifications, and following the Femto Forum Evaluation Methodology.  For 95% of the locations the SIR is greater than 27 dB. The Femto-cell should command the UE to increase its transmit power under this interference scenario.  The dynamic range of the femto receiver will need to be large enough to handle the possible large signal from the UEs due to the small path loss.
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