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1 Introduction
System simulation results following the methodology of [1] and [2] are presented. The scenario considered is co-frequency, closed access FDD and interference between the traffic channels is considered. This corresponds to scenario 3 of [3].
This contribution has been generated as a result of OFDMA simulation and modelling work carried out by members of the Radio and Physical Layer working group of the Femto Forum, a 3GPP Market Representation Partner.
2 Methodology and Assumptions

The simulation methodology defined in [1] and [2] is assumed with the following specific parameters:

	Parameter
	Assumption

	Deployment
	Suburban, 7 sites (21 sectors) with wrap-around, 500m ISD.

10% of femto UEs are outdoors and 0% of macro UEs are outdoors, macro UEs can be dropped within femto house.

 (Note that having all macro UEs indoor is worst case for SINR since for those UEs not dropped in a femto house, both the wanted signal and the interference are attenuated by same exterior wall loss whereas thermal noise is unchanged).

	Exterior Wall Loss
	20dB

	Shadowing correlation (one BS to multiple UEs)
	Correlated Shadowing

	Femtocell downlink power control
	Max power based on limiting interference to macro UEs (a similar approach to that described in [3GPP 25.967] section 7.2.1 for WCDMA).

	Link to System Mapping
	Per sub-carrier capacity approach

	Scheduler
	Proprietary Frequency Selective/Proportional Fair

	Traffic model
	Full Buffer


Table 1: Simulation Parameters
2.1 Interference Mitigation Approaches

A “baseline” interference mitigation approach is implemented where a power “cap” is placed on the femto HeNBs in order to protect the macro downlink for macro UEs in the vicinity of the femto (using a similar approach to that described in 3GPP 25.967 section 7.2.1 for WCDMA).  The power cap is typically static or semi-static and is a function of the pathloss to the neighbouring macro eNBs.
A refined scheme is also investigated. For this refined scheme, the femto HeNB detects if macro UEs (or any non-served UEs) are in the vicinity of the femto by detecting their uplink transmissions.
· If they are detected, full protection is provided (per the “baseline” scheme)

· If they are not detected, limited protection is provided e.g. provide full protection only when certain control channels are transmitted from the macro eNB (to protect idle UEs), otherwise use a more relaxed power cap.
One possible way to detect if there are nearby non-served UEs transmitting is to look for the properties of the Zadoff-Chu reference signals in the noise+interference signal received at the femto. Note that macro UEs will require most protection in the downlink when they are at the edge of macrocell coverage. In this case the macro UEs will be transmitting at high power, and the SNR of the reference signals as seen by a nearby femto will be high i.e. the reference signals will easiest to detect.

Note that in the simulation results that follow, protection of idle mode UEs is not considered for the enhanced approach.
3 Results and Analysis

3.1 Detailed Results

Figure 1 below shows the average macrocell sector throughput as a function of the density of femtocells in the sector. Results are shown for the baseline approach (labelled “Fixed Protection”) and enhanced approach (labelled “Proposed”). It can be seen that both interference mitigation approaches protect the macrocell UEs equally.
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Figure 1: Macrocell downlink average sector throughput
Figure 2 below shows the cell edge (5 percentile) macro user throughput as a function of the density of femtocells in the sector. It can be seen that the two approaches protect the macrocell UEs almost equally.
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Figure 2: Macrocell downlink 5 percentile user throughput
Figure 3 below shows the average femtocell throughput as a function of the density of femtocells in the sector. Results are shown for the baseline approach (labelled “Fixed Protection”) and enhanced approach (labelled “Proposed”). It can be seen that the femtocell performance is improved with the enhanced interference mitigation approach.
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Figure 3: Femtocell downlink average sector throughput 
Figure 4 below shows the cell edge (5 percentile) femtocell throughput as a function of the density of femtocells in the sector. It can be seen that the femtocell performance is significantly improved with the enhanced interference mitigation approach. 
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Figure 4: Femtocell downlink 5 percentile user throughput 
4 Mitigation Techniques and Recommendations

As suggested above the required “cap” on the femto HeNB power could be made a function of whether UL transmissions are detected at the femto from nearby non-served UEs. The properties of the Zadoff-Chu reference sequences could be used to assist this detection. Furthermore non-served UEs in idle mode (which are not transmitting on the UL but which might be listening to control channels on the macrocell downlink) could be protected by providing “full” protection when certain control channels are being transmitted by the macro eNB.

It is recommended that such techniques be considered further.

5 Conclusions

The scenario 3 (Femto BS Tx to Macro UE Rx (traffic channel and co-channel operation)) was considered. Simulations with a suburban deployment model suggest that an approach of setting a cap on the femto HeNB power as a function of whether there are nearby UEs whose downlinks need protecting is an effective way of improving the throughput of the femto HeNBs, without sacrificing protection of the macrocell downlink. The properties of the Zadoff-Chu reference sequences sent in the uplink could be used to assist the detection of nearby but non-served UEs.
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