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1. Introduction

In RAN#51 a new LTE Rel-11 SI “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved [1]. Following the SI description RAN4 should perform coexistence study for multiple deployment scenarios. The work on development of main assumptions and evaluation parameters for feasibility study has been conducted over the RAN4 WG e-mail reflector and was summarized in evaluation methodology [2]. Two adjacent channel heterogeneous deployment scenarios Macro-Femto and Macro-Outdoor Pico have been proposed for initial evaluation.

In this contribution the single operator Macro-Femto deployment scenario is considered where Femto stations operate in co-channel and Macro stations transmit in adjacent channel. It is assumed that Femto stations may have different UL-DL configurations while all Macro stations keep the same UL-DL configuration over whole network.
To separately analyze the impact from the Macro cells operating in adjacent channel the homogeneous deployment scenario with Femto stations only is considered first and then the heterogeneous deployment scenario with Macro stations is considered. Further we provide summary of the interference analysis using the deterministic evaluation and system level simulation approaches.
2. Co-Channel Femto Deployment Scenario
For co-channel Femto interference analysis the dual stripe model with two building blocks of 6 floors and 2 apartment rows at each floor is selected for analysis [2], [3]. In this scenario the impact of DL-UL interference from the opposite transmission directions in different Femto cells is analyzed.
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Figure 1: Dual Stripe Femto Deployment Scenario.
The dual stripe Femto model assumes that Femto stations are uniformly distributed over apartments of two building blocks. Each Femto eNodeB has one associated UE which is located in the same apartment. In this propagation scenario the following propagation characteristics are defined:

1) Femto and UE are located inside one apartment;
2) Femto and UE are located in different apartments of the same stripe on the same floor;
3) Femto and UE are located on different floors of the same apartment stripe;
4) Femto and UE are located in different stripes.
The channel between Femto stations and between UEs is described by the same propagation characteristics as used between Femto and UE [2].
2.1. Deterministic Analysis

The deterministic analysis based on 0.8 dB de-sensitivity criteria (i.e. interference level is 7dB less than the noise level) is used to analyze minimum distance between Femto stations. The minimum distance is derived by using transmission and reception parameters of Femto stations (transmit power 20dBm, antenna gain 0dBi, noise figure 13dB) and the agreed pathloss model between Femto stations described by equation:
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where
· R is the TX- RX separation distance, m;

· d2D,indoor – is the indoor distance between stations, m;
· q - is the number of walls separating apartments between HeNB and HeNB, q could be expressed as floor(R/10).
For calculations of minimum distance the worst case is considered when Femto stations are located inside one apartment stripe of the same floor. In this case the indoor distance between stations is equal to TX-RX separation distance 
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. The calculated minimum separation distance is equal to 40 m which may be considered as a practical value for co-channel deployments of Femto stations using different TDD configurations.
Observation:
The deterministic analysis shows that the minimum required distance between two Femto stations is about 40m that means that Femto station should be separated by 4 apartments. The estimated minimum distance can be considered as realistic for practical deployments.
2.2. System Level Simulation Analysis (Monte Carlo)
In this section the Femto cell interference environment is analyzed by calculating the Cumulative Distribution Functions (CDFs) for DL and UL geometry SINR. Two options for Femto station transmission powers were evaluated. Figure 2 presents the CDF of DL SINR for two values of Femto station transmission power: a) 20 dBm (maximum power) and b) -10 dBm (reduced power).
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a) Femto TX Power = 20 dBm
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b) Femto TX Power = -10dBm

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


DL geometry SINR for the case of maximum transmission power (20 dBm)
In case of using the maximum transmission power the DL geometry SINR is improved if a part of the Femto stations change transmission direction from DL to UL. It means that the DL geometry SINR is limited by the DL inter-cell interference from neighboring Femto stations. When the majority of the stations are switched to UL the DL SINR achieves its maximum characteristics. Note that the DL geometry SINR itself is characterized by very large number  of UEs (~60%) operating at SINR higher than 20 dB. For those users further improvement of DL SINR does not make practical sense since their throughput will be constrained by the maximum throughput defined in LTE specification.
DL geometry SINR for the case of reduced transmission power (-10 dBm)
The 30dB reduction of the Femto transmission power degrades the DL geometry SINR for the high SINR users. In this case the level of the DL inter-cell interference is reduced up to the average level of the UL inter-cell interference. At the same time the opposite transmission direction of the Femto cells does not affect the DL geometry SINR, i.e. Femto cell can be considered as an isolated in a sense that its DL SINR performance does not depend on the transmission direction in neighboring Femto cells.
Figure 3
 presents the CDF of DL SINR for two values of Femto station transmission power: a) 20 dBm (maximum power) and b) -10 dBm (reduced power).

	[image: image6.emf]-40 -30 -20 -10 0 10 20 30 40

0

0.2

0.4

0.6

0.8

1

CDF

SINR, dB

FUE UL SINR, Co-channel, Femto Tx Power 20 dBm

 

 

FUE: 100% UL Femto

FUE: 20% DL+80% UL Femto

FUE: 40% DL+60% UL Femto

FUE: 50% DL+50% UL Femto

FUE: 60% DL+40% UL Femto

FUE: 80% DL+20% UL Femto


a) Femto TX Power = 20 dBm
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b) Femto TX Power = -10dBm

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


UL geometry SINR for the case of maximum transmission power (20 dBm)
Figure 3 a) provides the CDF of UL SINR distribution for the Femto station transmission power equal to 20 dBm (maximum power). It can be seen that the UL geometry SINR is very sensitive to the change of the transmission direction. The significant degradation of UL geometry SINR is observed when Femto stations are switched to DL. The DL inter-cell interference has detrimental effect on the UL geometry SINR so that the large number of UEs (~45%) is characterized by negative SINR values.
UL geometry SINR for the case of maximum transmission power (-10 dBm)
Once the transmit power of the Femto station is reduced by 30 dB up to the level of -10dBm the system becomes insensitive to the change of DL/UL transmission direction in the neighboring cells. The UL SINR performance almost does not change when stations are switched between DL and UL. The majority of UEs in this case are characterized by high SINR values.
The following observations can be made from the interference analysis of the co-channel Femto deployment scenario with different UL-DL configurations:

Observations:
· In case of using the maximum DL transmission power (20 dBm) the DL geometry SINR is limited by the DL inter-cell interference. If a part of the Femto cells is switched from DL to UL then the DL geometry SINR is increased resulting in very high SINR.

· If Femto station maximum transmission power is reduced to -10dBm the DL geometry SINR almost does not depend on transmission directions in neighboring Femto cells while still providing high SINR values for the majority of UEs.
· In case of using the maximum DL transmission power (20 dBm) the UL geometry SINR significantly degrades if a part of the Femto stations is switched from UL to DL. The impact of DL interference in this case leads to impractical UL SINR ranges for the majority of UEs.
· If Femto station maximum transmission power is reduced to -10dBm the UL geometry SINR becomes insensitive to the opposite transmission in neighboring Femto cells.
In summary it can be concluded that co-channel Femto deployment scenario can be considered as feasible if DL power control and/or interference management is applied. The usage of maximum transmission power at Femto stations significantly affects UL SINR performance characteristics if opposite transmission directions are applied in different Femto cells.
3. Adjacent Channel Macro eNodeB – Femto eNodeB Scenario

In this section the single operator network where Macro stations and Femto stations operate in adjacent channels is considered. The illustration of this deployment scenario is shown in Figure 4. 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 set to 0.1). Each Femto eNodeB has one attached FUE. 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].
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Figure 4: Macro - Femto deployment scenario
3.1. Deterministic Analysis

In this section the minimum distance for the Macro-Femto deployment scenarios is calculated based on the 0.8 dB de-sensitivity criteria. The pathloss between Macro and Femto stations is determined by equation:
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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.

Applying the pathloss equation above and using the transmission/reception parameters of Macro and Femto stations it was calculated that the Macro-Femto distance should be at least 144 m and the Femto-Macro distance should be larger than 48 m in order to ensure that DL-UL interference is less than the noise level on 7dB.
Observation:
The deterministic analysis of Macro-Femto scenario in adjacent channel shows that practically reasonable minimum separation distances are required.
3.2. System Level Simulation Analysis (Monte Carlo)
In this section the CDFs of DL and UL geometry SINRs are analyzed for multi-cell Macro-Femto deployment scenario. Impact on the performance of Macro and Femto UEs is studied under an assumption that Femto stations may have different UL-DL configurations and all Macro stations use the same UL-DL configuration. In the following analysis the maximum (20 dBm) and reduced (-10dBm) Femto power transmission modes are considered.
The CDFs of DL geometry SINR for the considered Macro-Femto deployment scenarios are shown in Figure 5 REF _Ref315109635 \h 
 \* MERGEFORMAT  for Macro and Femto UEs. As it can be seen from the presented results the DL SINR of the Macro UE is insensitive to the transmission direction in Femto cells for both Femto power transmission modes. The DL SINR of Femto UEs depends on the Femto power transmission mode. In reduced power mode the DL SINR of Femto UEs is not sensitive to transmission directions in neighboring Femto cells. In case of maximum power the DL SINR of Femto UEs is improved similar to the case when there is no Macro stations. The change of transmission direction at the Macro stations from DL to UL is beneficial for Femto UEs and results in additional SINR improvements which is about 4-6 dB for the case of reduced Femto power.
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	a) Macro UE DL SINR, Femto TX power 20dBm 
	b) Femto UE DL SINR, Femto TX power 20dBm
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	c) Macro UE DL SINR, Femto TX power -10dBm
	d) Femto UE DL SINR, Femto TX power -10dBm

	Figure 5: Adjacent channel Macro-Femto Scenario. DL Geometry SINR Analysis.


The UL geometry SINR for Macro and Femto UEs is shown in Figure 6 REF _Ref315111032 \h 
 \* MERGEFORMAT . The interference analysis shows that UL geometry SINR of Macro UEs does not significantly change when Femto stations change their transmission directions from UL to DL for both Femto power transmission modes. At the same time the UL SINR of Femto UEs depends on the Femto power transmission mode. For the maximum power transmission mode the UL SINR of Femto UEs significantly degrades due to strong DL inter-cell interference from Femto cells and in this case it is less sensitive to the transmission direction of Macro cells. If Femto cells transmit at reduced power level the UL geometry does not depend on transmission directions in Femto cells but slightly degrades (< 3dB) if Macro cells are switched from UL to DL.
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	a) Macro UE UL SINR, Femto TX power 20dBm
	b) Femto UE UL SINR, Femto TX power 20dBm
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	c) Macro UE UL SINR, Femto TX power -10dBm
	d) Femto UE UL SINR, Femto TX power -10dBm

	Figure 6: Adjacent channel Macro-Dual Stripe Femto Scenario. UL Geometry SINR Analysis.


The following observations can be made from the interference analysis of the Macro-Femto deployment scenario with different UL-DL configurations:

· For the considered case of the adjacent channel the DL and UL performance of Macro UEs is insensitive to the transmission direction in Femto cells.

· The DL SINR performance of Femto UEs depends on the Femto transmission power
· Maximum power Femto station transmission mode: 
· DL SINR of Femto UEs is sensitive to transmission directions in neighboring Femto cells and improves when the part of Femto stations change their transmission directions from DL to UL.
· DL SINR improvement is observed in high SINR region when Macro stations change their transmission direction from DL to UL

· Reduced power Femto station transmission mode:

· DL SINR of Femto UEs is not sensitive to the transmission directions in neighboring Femto cells and improves if Macro stations are switched from DL to UL.
· DL SINR of Femto UEs degrades comparing to the case when there are no Macro stations in the adjacent channel.

· The UL SINR of Femto UEs depends on the Femto power transmission mode:
· Maximum power Femto station transmission mode:

· UL SINR of Femto UEs significantly degrades due to strong DL inter-cell interference from Femto cells and in this case it is insensitive to the Macro cell transmission direction
· Reduced power Femto station transmission mode:

· UL SINR if Femto UEs almost does not depend on transmission directions in Femto cells but slightly degrades (< 3dB) if Macro cells are switched from UL to DL.
4. Summary
In summary the conducted deterministic and system level simulation analysis of the DL-UL interference in in adjacent channel Macro-Femto deployment scenario shows that:

· Femto cells can be considered as isolated cells in a sense that their DL and UL SINR performance may be insensitive to the transmission direction of the neighboring Femto cells if proper power settings/mechanisms are applied.

· The performance of Macro UEs is insensitive to the transmission direction change in Femto cells

· The sensitivity of Femto UEs to DL-UL interference from the Femto and Macro side depends on the Femto transmission power settings. The practically reasonable SINR values were observed for Femto UEs.
Based on the conclusions listed above the following proposal can be made:
Proposal

Recommend co-channel Femto-Femto and adjacent channel Macro-Femto deployment scenarios for further performance evaluation in RAN1 to investigate potential benefits from traffic adaption and interference management.
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