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1. Introduction

In the previous RAN4#62 meeting RAN4 WG agreed on the feasibility of two single operator multi-cell deployments scenarios with Femto stations [2]-[4] studied within the scope of LTE-TDD eIMTA SI [1]:
· Multiple outdoor femto cells deployed on the same carrier frequency;
· Multiple femto cells deployed on the same carrier frequency and multiple macro cells deployed on an adjacent carrier frequency where all macro cells have the same UL-DL configuration and femto cells can adjust UL-DL configuration.

It was agreed that interference management mechanisms are needed to handle the DL-UL interference problem in this multi-cell environment. In this contribution we continue the evaluation of the Macro-Femto deployment scenario [4] for the case when Macro and Femto stations operate in co-channel. Similar to previous analysis it is also assumed that different Femto stations may have different UL-DL configurations while all Macro stations have the same UL-DL configuration. In the following sections we provide the summary of the deterministic analysis and system level Monte-Carlo evaluation results. The interference analysis has been conducted for the two cases: 1) Femto stations transmit at the maximum power (20 dBm) and 2) Femto stations transmit at the minimum power (-10dBm) specified in RAN4 evaluation assumptions.
2. Interference Analysis
The single operator network where Macro stations and Femto stations operate in co-channel is considered. The dual stripe model is used to describe Femto deployment and 57-cell hexagonal deployment is used for Macro stations. The dual stripe block is randomly dropped within the Macro cell sector area. The user terminals are divided into two groups: Macro UEs (MUE) and Femto UEs (FUE). The part of the Macro UEs (35%) is uniformly dropped indoors (inside the buildings) and the remaining Macro UEs (65%) are uniformly distributed over the macro-cell area. The location of Femto stations is uniformly distributed over the dual stripe building blocks and there are 24 active Femto stations per two buildings that operate simultaneously (deployment ratio is 0.1). Each Femto eNodeB has one attached Femto UE. It is also assumed that Macro UEs do not have access to Femto stations (i.e. closed subscriber group scenario is analyzed). Additional details on the set of evaluation parameters can be found in [2].
2.1. Deterministic Analysis

In this section the minimum separation distance between Macro and Femto stations is evaluated based on the 0.8 dB de-sensitivity criteria. The pathloss model between Macro and Femto stations is determined by the following equation [2]:
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where
· R is the TX- RX separation distance, km;

· Low is the penetration loss of an outdoor wall, which is equal to 20dB.

Using the pathloss model and the transmission/reception parameters of Macro and Femto stations the minimum separation distances were calculated and the summary of evaluations is given in Table 1. Note that in this analysis it is assumed that Macro and Femto stations transmit at the maximum power level.
Table 1: Minimum separation distance for 0.8 dB de-sensitivity criteria in Macro–Femto co-channel scenario.

	
	Minimum separation distance

	Macro-Femto
	2.0 km

	Femto-Macro
	665 m


Observations:
· The minimum Macro-Femto separation distance should be larger than 2 km which is much larger than the typical distance in practical deployments.

· The impact of Femto on Macro is less severe and the minimum Femto-Macro separation distance should be larger than 665 m which is still larger than the inter-site distance between Macro stations (500 m) in typical LTE deployment scenarios (e.g. 3GPP Case 1).
2.2. System Level Simulation Analysis (Monte Carlo)
In the following section the DL and UL geometry SINR analysis for Macro and Femto UEs is presented for two cases of Femto station transmit power: 20dBm (max power) and -10dBm (min power). The impact on Macro and Femto UEs performance is studied under an assumption that Femto stations may have opposite transmission directions while transmission directions of all Macro stations are aligned.
2.2.1 DL SINR Analysis for Femto Maximum Transmission Power
The CDFs of DL geometry SINRs for the Macro-Femto deployment scenario are shown in Figure 1 for the case of maximum Femto station transmit power.
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	a) Macro UE DL SINR, Femto TX power 20dBm
	b) Femto UE DL SINR, Femto TX power 20dBm

	Figure 1: Co-channel Macro-Femto Scenario. DL Geometry SINR Analysis.


Observations (DL SINR of Macro and Femto UEs for Femto maximum TX power):
· DL SINR of Macro UEs is not very sensitive to the transmission direction of Femto cells and is mainly limited by the DL inter-cell interference from other Macro-cells. The cell-edge performance of Macro UEs is improved if 50% of the Femto stations have UL transmission direction.
· DL SINR of Femto UEs is limited by the DL inter-cell interference from Macro cells and improves dramatically (10-15dB) if all Macro cells are switched to UL transmission. DL SINR of Femto UEs is further improved if 50% of Femto stations operate in UL.
2.2.2 DL SINR Analysis for Femto Minimum Transmission Power

The CDFs of DL geometry SINRs for the Macro-Femto deployment scenario are shown in Figure 2 for the case of minimum Femto station transmit power.
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	a) Macro UE DL SINR, Femto TX power -10dBm
	b) Femto UE DL SINR, Femto TX power -10dBm

	Figure 2: Co-channel Macro-Femto Scenario. DL Geometry SINR Analysis.


Observations (DL SINR of Macro and Femto UEs for Femto minimum TX power):
· DL SINR of Macro UEs is not sensitive to the transmission direction of Femto cells if Femto transmission power is reduced. Macro UEs are limited by the DL inter-cell interference from other Macro-cells.
· DL SINR of Femto UEs significantly degrades if Femto transmission power is reduced due to DL inter-cell interference from Macro cells and improves dramatically if Macro cells are switched to UL transmission direction.
2.2.3 UL SINR Analysis for Femto Maximum Transmission Power

The CDFs of UL geometry SINR for Macro and Femto UEs are shown in Figure 3 for the case of maximum Femto station transmit power.
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	a) Macro UE UL SINR, Femto TX power 20dBm
	b) Femto UE UL SINR, Femto TX power 20dBm

	Figure 3: Co-channel Macro-Femto Scenario. UL Geometry SINR Analysis.


Observations (UL SINR of Macro and Femto UEs for Femto maximum station TX power):
· UL SINR of Macro UEs is sensitive to the transmission direction of Femto cells if Femto stations transmit at the maximum power. UL SINR of Macro UEs significantly degrades when 50% of Femto stations are switched to DL.
· UL SINR of Femto UEs significantly degrades if Femto stations change transmission direction from UL to DL. Further significant degradation is observed if all Macro cells operate in DL.
2.2.4 UL SINR Analysis for Femto Minimum Transmission Power 

The CDFs of UL geometry SINR for Macro and Femto UEs are shown in Figure 4.
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	a) Macro UE UL SINR, Femto TX power -10dBm
	b) Femto UE UL SINR, Femto TX power -10dBm

	Figure 4: Co-channel Macro-Femto Scenario. UL Geometry SINR Analysis.


Observations (UL SINR of Macro and Femto UEs for Femto minimum TX power):
· UL SINR of Macro UEs is not sensitive to the transmission direction of Femto cells if Femto stations transmit at the minimum power.
· UL SINR of Femto UEs does not change if Macro cells operate in UL and Femto stations change transmission direction from UL to DL. The significant degradation (~30dB) of Femto UE UL SINR is observed if Macro cells operate in DL.

3. Summary
In summary the following can be concluded from the feasibility study conducted in this document:

· Deterministic analysis shows impractical distances for Macro-Femto deployment scenarios when both Macro and Femto stations operate in co-channel.

· The DL inter-cell interference from Macro-cells can be considered as a limiting factor that prevents adaptation of transmission direction for Femto stations under assumption of full system loading in Macro cells.
· Femto stations can switch transmission direction if Macro cells operate in UL and interference management between Femto stations is applied.
Proposal: 
Recommend Macro-Femto co-channel single operator scenario for further evaluation in RAN1 to check if traffic adaptation benefits can be achieved.
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