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Introduction

This contribution shows an example of GSM UE received power level distributions versus distance from the serving GSM basestation. This is data can be used to determine the test requirements for a WCDMA UE narrow band blocking requirement.

This data was requested by the operators at the RAN4 Adhoc in Philadelphia to determine if there was any difference between simulation assumptions and real deployment conditions. As will be seen in this contribution, there are in fact, differences between the simulation assumptions and a probable real world set of interference conditions.

The data shows that real deployments of GSM systems have antenna vertical pattern effects to reduce the signal power levels in general and particularly around the GSM basestation. Since this is where the most likely increased outage of WCDMA UE’s was assumed to occur due to high interfering signal levels, this data shows that the so-called “dead zone” around the GSM basestations may not even occur. Instead, it appears that high signal levels may occur at some distance from the interfering basestation where they may be less likely to cause WCDMA UE outage.

This data was taken with frequency hopping turned off in the system. Frequency hopping will further diminish the interference in less than fully loaded GSM systems.

Received Power Level Distributions for GSM Deployed System

GSM Power Level Distribution over the entire data set of 5297 data points are shown in the next figures. The data represents the received power levels in seven sectors. The first figure shows the cdf and pdf of the data versus terminal received power level.
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Figure 1 – cdf and pdf of terminal received power level over all the data points

This first figure is expanded in the critical high power region in Figure 2 below.
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Figure 2 – Expanded view of Figure 1

Of importance to note are the following:

· Power levels greater than –51 dBm are not seen in 5297 data points,

· Only 1% of signal levels are greater than –57 dBm,

Even this 1% does not mean that all the terminals experiencing the –57dBm signal level or greater will be blocked. This only occurs if the WCDMA system cannot supply a signal level greater than the blocking signal minus the WCDMA terminal ACIR and processing gain.

The data also allows us to see the received signal level versus distance from the GSM basestation. The figure 3 shows a composite view of this data for all 7 basestations.
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Figure 3 – Composite signal level versus distance from GSM basestation

The interesting things to note about this plot in Figure 3, is that:

· The maximum signal level does NOT occur at the basestation tower (ie, 0 m), but at some distances, even quite far out from the basestation,

· The signal level at the basestation is in the range of –70 to –100 dBm,

· The minimum coupling loss is about 90 to 100 dB.

In fact, the data suggests that the vertical pattern of the antenna will play an important role in the signal levels across the cell. The interference from these signals will not be a simple function of distance to the interfering GSM basestation. Also, there will probably NOT be so-called “dead zones” around these interfering basestations as we had been assuming.

The next figure shows just two of the basestation data. It is accompanied by a second figure to illustrate the possible vertical antenna pattern that might account for the variation in signal level versus radial distance seen.

Figure 4 – Power level versus distance from basestation for two similar cases.
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Figure 5 – Vertical antenna pattern aligned with the Figure 4 above

One can see that many of the higher power level places occur at significant distances from the GSM basestation. If these are interfering with a WCDMA system with cell size of 2.4 km, then high signal levels at distances more than ~1 km from the interfering GSM basestation will not matter. The WCDMA terminals at that distance will be close to the WCDMA serving basestation where the own signal level will be easily high enough to overcome the interference. 

We can show the cumulative probability distribution of only the signals within 1 km of the interfering basestation. The normalizing data set for the terminals within a 2.4 km cell is 1800 data points. Before showing this new distribution, we check to see what the probability density function of the data is versus distance from the basestation. This shown in Figure 6.
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Figure 6 – pdf of power distribution data

This data shows one very interesting aspect – the essentially flat pdf versus distance is indicative of a track across the cell. This makes sense, as the data was taken by driving along roads in the cell. Taking data across the entire cell with uniform density would show a linearly increasing pdf versus distance. Figure 7 shows visually what this data implies.

Figure 7 – Data distribution versus geometry







The area in the red rectangle is where the data points are within 1 km of the basestation. The data points in the white box are close enough to the serving WCDMA basestation to easily permit overcoming the interference. This distribution is more stringent than a probability over the whole area—the larger white area would dilute the number of high power level data points in the red region.

The Figure 8 shows the cumulative probability distribution of signal levels within 1 km of the basestation.
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The difference between this and Figure 2 is that the 1% cumulative point is now at about –63 dBm instead of –57 dBm.

Conclusions

Even though the simulations and analysis to date have been assumed multiple worst case conditions of antilocation of interfering basestations, 70 dB MCL, and no benefit of vertical antenna patterns the results with moderate WCDMA UE ACIR of 30 dB, are still reasonable (2-4% excess outage in 2.4km cells [1].) The real data shows that the signal levels will be much lower by about 25 dB in real deployments. The probability of signal levels much above –55 dBm seems to be slight from this data shown.
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