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Introduction 

In the past few RAN4 meetings, significant progress has been made to define new requirements for RRM/RLM/CSI measurements in order to support time domain eICIC mobility. The new requirements need to take into account the pattern characteristics, that is, almost blank subframe (ABS) pattern blanking that are expected for typical scenarios and the corresponding interference characteristics. While the candidate ABS patterns have been agreed in [1], the interference condition from system perspective has not been agreed on. In [2], a system simulation methodology was proposed for the macro pico scenarios with 2/3 UEs dropped close to pico nodes. In [3], the interference statistics for macro and pico UEs with 0 and 6 dB bias was shown. 
In this contribution, we investigate the interference levels for CRS-based measurements by system simulations. We evaluate macro/femto scenario described in [4, 5], unlike in [2] where macro/pico scenario with limited bias is considered. 
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Interference statistics
We carried out several system simulations to evaluate the serving cell carrier over thermal (CoT) and dominant interfering cell Interference over Thermal (IoT). In addition to collecting CDFs for CoT and IoT we also collected the median and 5% edge ratios between useful signal strength and dominant interference strength, and we plotted the median and edge values across the UEs. 

Table 1: Simulations assumptions

	Parameter
	Setting

	Scenario
	· Macro/femto

	ISD for macro cells
	· 500 m

	Femto model
	· 1 cluster/macro sector (either dual-strip or 5x5, single-story)

· Apartment size: 10m x 10m

· Femto penetration rate: 0.2 (probability that a femto is deployed in an apartment)

	Maximum eNodeB transmit power

· Macro 

· Femto
	· 46 dBm

· 20 dBm (maximum power)

	
	

	Network synchronization
	Frame-aligned

	Frequency / bandwidth
	2GHz, 10 MHz

	Cyclic prefix
	Normal

	Channel model, UE speed
	ETU, 3 km/h

	Number of TX ( RX antennas  
	1 ( 1 (macro and femto)

	Antenna gains & configuration

· Macro

· Femto

· UE
	· three-cell, 14 dBi incl. connector loss, 3D pattern (see  [1])

· omni, 5 dBi incl. connector loss

· omni, 0 dBi

	UE receiver
	Rel-8/9 baseline

	Traffic model
	Full buffer, full load


We consider to Tx power control schemes: full (20 dBm) Tx power and autonomous femto eNB power control [6] with target pathloss compensation of 60 dB. We assume carrier-to-interference (C/I) = -3 dB) with targeted path loss value of 60 dB. The maximum transmit power of femtos is limited to 20dBm, while the minimum transmit power is -10dBm.
2.1
Full femto Tx power

In the following figures, the median received power for each UE for the duration of the simulation is plotted.
Figure 1 shows the CDF of median received signal strength (per 15KHz tone) across the macro UEs. We distinguish between indoor UEs and outdoor UEs when plotting these curves. 
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(a) Dual-strip model                                                         (b) 5x5 model

Figure 1: Median received signal strength (serving macro and interfering femto) – full Tx power at femto.
For the same simulation run, Figure 2 illustrates the CDF of the ratio between useful signal strength and dominant interference. As above, each point of the CDFs represents a macro UE (either indoor or outdoor). It is worth noting that some indoor UEs show very bad channel conditions, since the dominant interference may be order of magnitude larger than the useful signal strength. For instance, for a dual strip model, about 10% of indoor macro UEs experience (for 50% of the time) signal strength from their associated macro cells which is 40dB lower than the corresponding signal strength from the dominant interfering femto. In the 5x5 scenario, results illustrate even larger difference.
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Figure 2: Power differential (serving cell vs dominant interferer) – full Tx power at femto.
2.2
Femto Tx power control
In addition to full Tx power scheme, we also consider the impact of an autonomous femto downlink power control [3]. Figure 3 shows the median received signal strength, while Figure 4 illustrates the power differential. As it can be seen, power control can reduce interference, but power difference values of more than 15 dB still occur quite often. This results is in constrast to the values observed for macro/pico scenario with limited bias shown in [2].
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(b) Dual-strip model                                                         (b) 5x5 model
Figure 3: Median received signal strength (serving macro and interfering femto) – Tx power control at femto.
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Figure 4: Power differential (serving cell vs dominant interferer) – Tx power control at femto.
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Conclusions
In this contribution, we presented system simulation results for the macro femto scenario in order to illustrate interference statistics in a heterogeneous network for macro/femto scenario. It can be seen from the results that even when power control schemes are deployed, it is quite common that dominant interferer is more than 15 dB stronger than the serving cell.
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