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1. Introduction

At the RAN Working Group 4 meeting #38, a set of simulation parameters were agreed upon to establish a basis for running system level simulations in a macro cell environment [1].  The simulation results are meant to be used to define simulation scenarios for the link level performance evaluation of interference mitigation techniques.

In this contribution we present simulation results from system level simulations aimed at characterizing the interference environment using the methodology described in [1].  We also define a new metric that offers interesting insights on the characterization of the interference in the context of studying interference mitigation techniques.  Simulations results are analyzed and discussed.

2. Methodology  
2.1 System level parameters

The system level simulations presented in this document follow the parameters described in [1].  These parameters are repeated in Table 1 below for convenience.  Cell wrap-around was used.

Table 1 - Parameters for evaluation of main system level parameters

	Parameter


	Assumption

	Cellular layout
	Hexagonal grid, 19 sites with 3 sectors

	Site to site distance 
	1000 m

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	Std. of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	2000MHz

	MCL
	70 dB

	BS antenna gain
	14dB

	BS antenna pattern
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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used is 70 degrees .

	BS total TX power
	20W

	UE antenna gain
	0dBi

	UE noise figure
	9dB


2.2 System simulation results

This section describes interference characterization statistics obtained from system level simulations for the agreed-upon HSDPA macro-cellular scenario.  Section 2.2.1 presents DIPi statistics.  In section 2.2, we also present a new metric that provides interesting insights into the behaviour of the interference environment.

2.2.1 DIPi statistics

Figure 1 presents the CDF of the DIPi statistics for the serving cell and the 8 strongest interferers.  The DIPi statistic, defined in [1], is reproduced below for convenience.
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 for i = 1,...,NBS-1.   
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Assuming that the mobiles are always connected to the cell that maximizes their link budget, it should be noted that DIP1 corresponds to Îor/Ioc of the serving cell (i.e. Îor1/Ioc) while DIP2 is associated to the strongest interferer (Îor2/Ioc).  A second indexing method was proposed in [2], but we have followed the method proposed in [1].   
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Figure 1
The CDF view of the DIPi gives us insights into the distribution of the DIP of each interferer.  However; the CDF fails to give us a complete description of the interference power levels any user experiences because it does not address the correlations between interference power levels and the dependence of the correlations on geometry factor.  Figure 1 only tells us the marginalized statistics over the whole population of mobiles. For example, a quick inspection of Figure 1 could suggest that the difference between the first and second strongest interferers is 4 dB and that this difference is relatively constant across the population of mobiles.   Figure 2 clearly shows that this is not the case as the difference between the first and second strongest interferers ranges between 0 dB to more than 15 dB.  This could not be extracted from Figure 1 alone.
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Figure 2
To ease the analysis and have a better understanding of the interference patterns associated to the wireless environment that has been simulated, it is desirable to plot the interference metrics conditioned on the geometry factor Îor1/Ioc = DIP1 defined below.
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Figure 3 illustrates DIPi metrics of the eight largest interferers in relation to the geometry factor (i.e. Ior/Ioc of the serving cell).  More specifically, the DIPi curves shown in Figure 3 were obtained first by binning each of the 40000 sample UEs into Ior1/Ioc bins and then by extracting the median value for each of these bins.  Superimposed to this graph is a histogram of the Ior1/Ioc to appreciate the statistical importance of each geometry factor bin.  Of course even this description of the interference is incomplete but has been deemed sufficient for the purpose of this contribution.

Figure 3 allows us to conclude:

· The geometry factor associated to a UE position has an important impact on the relative strength of the interferers it perceives.

· The interference perceived by UEs that are very close to their serving Base Station (i.e. Ior1/Ioc ≥ 13 dB) is dominated by two equally strong interferers (i.e. the two adjacent sectors).  The correlation value of 1.0 between sectors combined with the assumed antenna pattern explains the fact that DIP1 and DIP2 are equal for very high geometries.  The histogram and the DIP1 curve from Figure 1 allow us to see that this interference pattern is applicable to less than 10% of the cell.

· The interference perceived by UEs that are very far from serving Base Station (i.e. Ior1/Ioc ≤ -5 dB) is characterized by a large number of interferers that are close to each other in terms of power.  The histogram shows this interference pattern only to be applicable to less than 5% of the cell. 
· For the large majority of the users (-4 dB ≤ Ior1/Ioc ≤ 11dB), the dominant interferer accounts for 30% (DIP2 = -5 dB) to 45% (DIP2 = -3.5dB) of the total interference perceived by the UE.  The relative difference between subsequent interferers ranges from less than a few tenths of a dB to 5dB.  
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Figure 3
2.2.1 RIRi statistics

The DIPi metric quantifies the importance of a given interferer with respect to the total interference.  As shown above, a certain level of information can be extracted from the DIPi metrics.  However, the DIPi metrics provide little information that allows one to directly assess the amount by which the interference level perceived by a UE would be decreased if a certain number of interferers were cancelled.  The determination of this interference reduction requires a metric that quantifies the importance of the interference remaining in the system (later referred to as Residual Interference Ratio or RIR) after a given number of interferers have been removed, with respect to the total interference.  Below we will define a metric that corresponds to the ratio between the Residual Interference and the total interference.  This metric is described below
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 , for i = 1,...,NBS-1.   
The indexing of the RIRi metric has been chosen such that i=1 represents the strongest interferer.  This is different than the indexing used for the DIPi metric where i=1 corresponds to the desired signal but where i=2 represents the strongest interferer.

An interesting property of RIRi is that its inverse (i.e. 1/RIRi in linear or –RIRi in dB) corresponds to the SINR gain that could theoretically be achieved if the first ith strongest interferers were removed (i.e. perfectly cancelled).  Figure 4 illustrates RIRi metrics for the eight largest interferers in relation to the geometry factor (i.e. Ior/Ioc of the serving cell).  Similar to what was done in Figure 3, the RIRi curves shown in Figure 4 were obtained first by binning each of the 40000 sample UEs into Ior1/Ioc bins and then by extracting the median value for each of these bins.  The same Ior1/Ioc histogram as that shown in Figure 3 is superimposed on the graph to interpret the statistical importance of each RIRi value for a given geometry factor.

Figure 4 shows that the gain that can be achieved from removing any number of interferers is non monotonic in regards to the geometry of the cell.  It also shows that the incremental gain associated to cancelling an additional interferer (i.e. the difference between RIRi+1 and RIRi) is small (less than 1 dB) and almost constant for users experiencing the worst Ior1/Ioc.  At the other extreme, users experiencing the best Ior1/Ioc can expect a relatively large SINR gain (close to 3 dB) from cancelling the strongest interferer and can expect to reap the majority of the benefits by cancelling the two strongest interferers.  This dichotomy can easily be explained by the fact that the users experiencing the best Ior/Ioc are located close to their serving BS and their interference is dominated by the two adjacent sectors of the serving BS while users experiencing the worst Ior1/Ioc are typically located at the edge of the cell where they are more likely to perceive a larger number of interferers.  As shown by the histogram, the largest portion of the user population is located between these two extremes.
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Figure 4
4. Conclusions

In this contribution we have presented simulation results obtained from system level simulations aimed at characterizing the interference environment using the methodology and metrics agreed at the RAN Plenary meeting #38.  A new interference characterization metric was defined and used to characterize the interference environment and provide valuable insights in the context studying interference mitigation techniques.  Simulations results were analyzed and discussed.
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