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1.
Introduction
This document presents analysis of the interference from Macro BS Tx to Adjacent Channel Femto-cell UE Rx (control channel) for LTE.  Operation of the physical downlink control channel (PDCCH) will be evaluated.  This control channel defines location of downlink assignment in the time-frequency grid and modulation & coding.

Downlink interference is experienced by a Femto-cell UE (FUE) from a Macro Node B.  It is assumed that the macro and femto cellular layers are deployed on adjacent frequencies, so the relevant specification will be adjacent channel selectivity (ACS) and out-of-band transmit specification (ACLR), which together make up the adjacent channel interference ratio (ACIR).  Considering all placements of the FUE within the home, and all placements of the home in the macro-cell area yields a cumulative density function (CDF) of SIR.  The CDF may be used to determine the percentage of locations that the SIR is below a certain threshold, in this case the minimum required for proper control channel operation.
2.
Description of the interference scenario
The Femto-cell UE (FUE) has already established a call, but the house location may be such that the Macro signal is very strong.  Figure 1illustrates the interference scenario.
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Figure 1: Illustration of the Interference Scenario.
3.
Analysis
A link budget/statistical analysis is performed, where the suburban homes are located uniformly in a sector, and FUE’s are located uniformly within a house.

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 Interference Ratio (ACIR) will be dominated by the adjacent channel selectivity (ACS) of the Femto-cell UE is 33 dB, Table 7.5.1-1 [1]. 
Adjacent Channel Selectivity (ACS) of the Femto-cell UE receiver is 33 dB in this analysis, Table 7.5.1-1 in [1].  The Adjacent Channel Leakage Ratio (ACLR) of the eNodeB is 45 dB, Table 6.6.2.1-1 in [2].  Thus the ACIR is approximately 33 dB and is limited by the UE.

The minimum SINR required to properly decode the control channel PDCCH is approximately -2 dB, with the maximum amount of coding, R=1/12 , i.e. 8 control channel elements (CCE) in ETU70 channel, Table 8.4.1.1-1 in [1].  For the least amount of coding, R=2/3 1 CCE, approximately 7 dB is required.  These requirements are approximate, as indoor channels would need to be simulated.
4.
Main Findings

Simulation assumptions and parameters recommended in [3] was followed, using macrocell separation of 1732 m, and outdoor wall penetration loss Low=10 dB.  Other parameters included 60 dBm macro EIRP.  The ensemble of received signal powers was generated through statistical variation of distance from the macro base as well as shadow fading.

The resulting CDF of co-channel SIR is plotted in Figure 1 for 20 dBm femto EIRP and in Figure 2 for 0 dBm femto EIRP.  It may be observed that in this suburban environment adjacent-channel macro-femto interference is not a significant problem for the control channel, with 99% of locations observing SINR in excess of 8 dB even when with femto power of 0 dBm.  Increasing the Femto AP transmit power or ACIR shifts the CDF correspondingly to the right, i.e. improves the SINR further.  On the other hand, co-channel operations (ACIR=0 dB) and low power femto AP (0 dBm) will result in SINR<-2 dB in 20% of cases.
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Figure 1. Downlink co-channel SINR at FUE due to a macrocell for 20 dBm femto EIRP, and ACIR of 0 and 33 dB.
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Figure 2. Downlink co-channel SINR at FUE due to a macrocell for 0 dBm femto EIRP, and ACIR of 0 and 33 dB.
5.
Conclusions

We have carried out a simple analysis of the interference scenario based on link-budget calculations and current specifications.  99% of the locations will see SINR of 8 dB or greater, with 0 dBm femto AP power and ACIR of 33 dB.  This is sufficient to decode the PDCCH with coded at R=2/3 or 1 CCE.  99.8% of the locations will see SINR of -2 dB or greater, which is enough to decode the PDCCH when maximum coding is used. 
Increasing femto-cell transmit power mitigates the noise rise due the interference from adjacent channel macro, but the femto power can not be made too high since this will also increase the interference to the adjacent macro cell.
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