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Introduction
In the previous RAN4 meeting some measurements on the impact of band 24 BS transmitters on GPS receivers were presented [1]. RAN4 also received an LS from US GPS industry Council with with questions regarding the coexistence properties between L-band and GPS [2]. Other companies also have raised concerns about the impact on GPS [3].
In this contribution we show some preliminary results of how band 24 BS transmitters could affect GPS receivers based on some selectivity assumptions. The shown impact is highly dependent on the selectivity of the GPS receiver and thus it is necessary to know more about how GPS receivers behave before any definite conclusions can be drawn.

GPS receiver selectivity
In the report on compatibility between MSS CGC and other systems in same or adjacent bands from ECC WGSE under public consultation the selectivity of a GPS receiver is plotted [4]. Unfortunately only a small part of the spectrum below the GPS band is shown. However if we assume that the selectivity is symmetrical around the GPS band we can make a rough estimate of the selectivity for a GPS device. In figure 1 we have plotted this behavior. In addition we assume 10 and 20 dB better performance to get some other reference points and hopefully capture the performance of a typical GPS receiver.
It is not obvious what level of extra interference that can be tolerated in the GPS receiver passband. We have (somewhat arbitrarily) assumed that the allowed additional interference power in the GPS passband should be below -110 dBm/MHz. The thermal noise floor is -114 dBm/MHz and if we assume a receiver NF of 4 dB our assumed level will correspond to a 3 dB degradation. Even if these numbers are not absolutely correct they should at least not be off more than 10 dB.
From this we can easily calculate the ACS of the receivers tested in [1]. For example a device capable of sustaining -16 dBm of interference from a 10 MHz LTE carrier will need to suppress the interference by 84 dB to reach the -110 dBm/MHz level. (The PSD of the LTE carrier is around -26 dBm/MHz.) We have calculated ACS for the devices reported in [1] and the corresponding points are plotted in figure 1. The main point to note is that for some reason there is a large difference between the measured values and the values assumed by WGSE.
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Figure 1: Assumed GPS receiver selectivity and points measured in R4-110470.

Allowed BS power or coverage hole radius
Once the ACS of the GPS receiver is known we note that the selectivity of the GPS receiver is by far the largest contributor to the overall interference. The adjacent channel suppression of the BS transmitter is on the order of 120 dB. FCC requires that wideband emissions in the GPS band should be below -70 dBm/MHz EIRP and an eNodeB with 46 dBm output power, 10 MHz carrier and 18 dBi antenna gain has an output power of 54 dBm/MHz EIRP. Thus the adjacent channel interference is small compared to the selectivity of the GPS receiver. 

If we make some assumptions about the base station and propagation conditions we can easily calculate the power allowed from a BS if we want to avoid any GPS coverage holes, or the size of the hole given a certain BS output power.

For the purpose of this paper we have assumed a BS height of 30 m and UE height of 1.5 m, using the Hata propagation model we get a minimum coupling loss of 68 dB. We use the ITU F.1336 antenna pattern with a peak gain of 18 dBi. Finally we use 10 MHz carriers.
In figure 2 we have plotted the maximum allowed output power from a BS given that there should be no coverage hole in the GPS service. The green line corresponds to a 2x20 W BS transmitter. From this we can see that it is only the lower part of the band that can be used for macro coverage.
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Figure 2: Maximum allowed BS output power to have no coverage hole.

In figure 3 we have plotted the resulting radius of the coverage hole around the BS when the BS is transmitting at 2x20 W. The main point to note is of course the high dependency on the actual selectivity of the GPS receiver.
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Figure 3. Radius of area with no GPS service for a 2x20 W BS transmitter.

Conclusion

In this paper, an analysis over possible impact on GPS receiver was presented. The impact is highly dependent on the typical characteristics of the GPS receiver as shown. 

There is unfortunately a large spread in the available data on how GPS receivers perform in the presence of interference from LTE in band 24. Thus there is a need to further understand the performance of various GPS devices. We thus encourage all UE platform vendors to provide typical performance data from the integrated GPS functionality in the terminals (both UTRA and E-UTRA) as an input for RAN4 studies.

Due to raised concerns [2] and since the large spread of the behavior of GPS devices results in a large spread in the impact on the GPS service, it is essential to understand the typical behavior and performance of GPS devices (even the in the UEs) and conduct proper studies in RAN4 to fully understand the possible impact.

We also encourage RAN4 to prepare an LS respond to US GPS industry council and kindly ask for GPS receiver characteristics as an input to the studies.
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