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1 -0.08 -8.20 -9.39 -9.99 -10.11 -10.73 -61.62 0.05 48.56

2 -0.07 -6.35 -7.85 -8.09 -8.61 -9.47 -68.37 0.05 49.37

3 -0.01 -5.74 -6.41 -10.70 -11.19 -11.50 -54.74 0.05 68.10

4 0.05 -5.38 -7.48 -7.57 -7.68 -15.79 -60.59 0.05 55.74

5 -0.01 -4.94 -5.30 -8.05 -13.64 -14.11 -65.75 0.05 72.06

6 -0.09 -4.68 -5.73 -8.11 -12.38 -15.16 -57.44 0.05 71.45

7 -0.09 -4.40 -5.40 -8.73 -13.72 -13.80 -49.08 0.05 74.92

8 0.01 -4.14 -9.30 -10.12 -11.85 -13.54 -54.25 0.05 70.86

9 -0.06 -3.93 -8.90 -10.65 -11.50 -12.78 -65.95 0.05 71.79

10 0.09 -3.65 -7.36 -9.25 -12.49 -13.58 -63.34 0.05 73.74

11 0.02 -3.43 -8.55 -8.72 -11.52 -15.01 -63.50 0.05 71.53

12 -0.04 -3.17 -4.33 -14.32 -15.99 -18.96 -58.68 0.05 91.91

13 0.04 -3.00 -4.66 -13.34 -17.61 -20.61 -56.81 0.05 92.09

14 0.00 -2.75 -7.64 -8.68 -13.71 -14.59 -41.51 0.05 76.76

15 -0.05 -2.40 -4.99 -12.37 -18.32 -18.70 -47.09 0.05 91.19

16 -0.01 -2.12 -8.97 -9.13 -15.77 -17.90 -63.01 0.05 81.79

17 -0.03 -1.79 -11.42 -12.07 -14.54 -14.95 -65.39 0.05 85.03

18 0.04 -1.37 -9.47 -15.28 -16.42 -17.83 -69.25 0.05 92.44

19 0.07 -0.84 -14.86 -15.80 -16.01 -17.27 -51.90 0.05 92.44

20 0.08 -0.50 -11.39 -19.44 -21.55 -24.07 -53.99 0.05 97.74


1. Introduction
TensorComm collected field data from multiple WCDMA markets to characterize network conditions, in order to generate realistic interference scenarios for evaluation of advanced receiver performance. 
2. Field Collection Methodology

The test setup consisted of a laptop PC, a commercially available PC data card along with a Diagnostic Monitor (DM) tool.  A GPS receiver was attached to the laptop to record position information and was integrated with the logging tool. 
The drive routes were comprised of urban areas with high traffic and multiple cell sites.  The data collections were conducted during the day to ensure normal traffic loading.  
A data call was placed to a streaming audio website (e.g. BBC, talk radio station) and diagnostic information was logged at 10-20 msec intervals.

3. Principles of Network Analysis
Given the difficulty of characterizing networks with only a few parameters, the traditional view has been that joint distributions of interference powers must be analyzed, as these are constrained by the Euclidean geometry of the mobile with respect to visible base stations.  From the point of view of interference cancellation, what matters most is the power of unidentified interference and the joint distribution of the identified interference.  This insight has motivated the sorting of network conditions first by geometry, then by percentage of interference identified by a mobile device.  
For this program, the primary method of determining the network geometries uses the pilot strength measurements from the searcher, as reported in the UMTS WCDMA messages containing the Active, Monitored and Unlisted Set data.  

Network geometry is determined by the serving sector power (Ior) divided by all other interference power (Ioc), where Ioc is the sum of all interference powers. Ioc is divided into identified and unidentified interference. Identified interference typically consists of interferers whose structure is known to the mobile device, with all other received signal powers comprising the unidentified interference. The power of unidentified interference is a limiting factor in the performance of many advanced receivers, and thus is an important parameter in the modeling of network scenarios.  
The strongest pilot is assumed to be the server, and DIPs for the first and second strongest interferers (DIP1, DIP2) are calculated. All remaining interference powers are summed and designated as equivalent AWGN, so that equivalent AWGN/Ior is an equivalent noise DIP.
Each data record was assigned a geometry and grouped into one dB sets.  The data records comprising the geometries of -3, 0, 3, 5 and 10 dB were examined. 
4. Network Characterization Results

A bi-variate histogram of the two strongest interferers (DIP1 and DIP2) was plotted. The histogram for the 0 dB case for aggregated data from all networks is shown below in Figure 1. 
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Figure 1: Bi-variate histogram of DIP1 and DIP2
From Figure 1, we see that the most likely case for the 0 dB geometry is a single strong interferer roughly equal to the server, with other slightly less dominant DIP2’s comprising the rest of the identified interference.

In order to simplify the visualization of the distribution of the interferers, we introduce the notion of identified interference, which is the interference present in the serving sector and the two dominant interferers. The rest of the interference is considered equivalent AWGN. The amount of identified interference is defined to be:  

Pct_ID =  (DIP1+DIP2) *100. 

Table 1 lists these percentages vs. their probability of occurrence, as measured.
Table 1: Distribution of identified interference, at 0 dB
This data indicates that in the field collects, 90 to 100% of the interference is contained in DIP1 and DIP2, 56.7% of the time. In other words, in deployed networks in the field, there is typically low power in the unidentified interference, due to obstructions, terrain, and RF design criteria.

We now attempt to compare and contrast these measurements with the results obtained using the system simulators. Table 2 shows the proposed cases from the InterDigital contribution in [1]. The percentage of identified interference has been calculated for each case.
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Table 2: DIPs and percentage of identified interference for InterDigital cases
Figure 2 shows the distribution of identified interference for the field collects and the proposed simulation scenarios. From this table, we see there is slightly less identified interference in the proposed cases, but in general there is alignment with the field data.
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Figure 2: Distribution of identified interference for the 0 dB geometry case
In order to compare the proposed cases with the field data, Table 3 shows the proposed cases mapped into the DIP1, DIP2, and DIP3 + Equivalent AWGN bins which were used in the field analysis. There are eight cases, comprising a total probability of 40% for which the power in DIP2 is smaller than the power in the unidentified interference.  In these cases the interference is dominated by a single interferer. 

Table  3: System simulation results cases mapped into DIP1, DIP2 and DIP + equivalent AWGN
These results are also shown as a cdf in Figure 3.
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Figure 3: CDF of system simulator results binned according to interference in DIP1+DIP2

3. Conclusion

Perhaps the most important point to make in the sorting of scenarios within a geometry is that across a rather large range of geometries, the fraction of interference power accounted for by DIP1 and DIP2 is high, with high probability.  Even though there is apparent mismatch between field collects and the InterDigital bins in Figure 2, it is worth noting that the probability of 70% or more interference being identified is actually very close.  Moreover, the agreement is better between the field collects and these InterDigital scenarios than with scenarios derived purely by averaging DIPs over all geometries and realizations.
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