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1 Introduction

In GERAN #43 in Vancouver the discussion paper [1] was presented. A comment to that document as stated in the GERAN#43_Draft_Report_v002 [6] was that it was felt not sufficient that the relative measurement for the repeater is 6 dB more stringent than the BTS specification.
The aim of this paper is to provide information that even the now existing requirements of equal level of intermodulation attenuation for BTS and Repeater is harder to meet for Repeater due to the fact that the measurements for BTS and Repeater are different.
2 Background

Historically the way of measuring the BTS and repeater intermodulation attenuation are different. The tests are described in TS51.021 clause 6.8 "Intra Base Station System intermodulation attenuation" [2] for BTS and in TS51.026 clause 6 "Intermodulation attenuation" [3] for Repeater. For Repeaters with a RF input and a RF output, the measurements of the intermodulation performance use two CW signals as stimulus, according to TS51.026 clause 6.2 [3]; whereas with the BTS, two modulated signals (GMSK) are used, according to TS51.021 clause 6.8.2 [2].

3 Discussion

The use of different stimulus signals makes the repeater specification even more stringent than the BTS specification, which will be demonstrated as followed.
The BTS measurements are done with a RBW depending on the offset from the carrier.

RBW 30 kHz for offsets 1,8 MHz or less

RBW 100 kHz for offsets 1,8 MHz to 6 MHz

RBW 300 kHz for offsets more than 6 MHz

Two influences needs to be considered:

· Signal bandwidth is wider than resolution bandwidth

· Influences due to the different modulation

Influence due to signal bandwidth is wider than resolution bandwidth:

The calculation to show the requirement difference between a test with CW and modulated signals is done e.g. with a RBW of 30 kHz. The absolute power level of the signal and the IMD is reduced by the following formula. Given that for a 200 kHz GMSK signal approx. 85 % of the power is in 150 kHz the absolute level reduction is:

10*log(150 kHz / 30 kHz) = 7 dB.
Influence due to the different modulation:

The maximum reduction of intermodulation distance from CW to GMSK is approximately 3 dB.

Summary:

Summing up the two influences we will get a 4dB lower absolute power level when a modulated GMSK signal is used.

CW signal considerations (Repeater test):

The RBW for measurement with CW signals does not matter, since the signal BW is always smaller than the RBW, so the full power of the signal and the IMD as well will be measured by a spectrum analyser (see Figure 1). For a two tone test the power of one of the tone is 3 dB less than the composite power. E.g. if the composite power is 23 dBm, then two tones with the power of 20 dBm each will be used for testing.

Modulated signal considerations (BTS test):

For a two signal test with modulated signals the power of one of the signals again 3 dB less than the composite power. E.g. if the composite power is 23 dBm, then two signals with the power of 20 dBm each will be used for testing. The difference to the CW signal is that the power of one of the signals is distributed over 200 kHz. The spectrum analyser will display with a 30 kHz RBW a power of approx. 14 dBm, which is approx. 7 dB (10*log(150 kHz / 30 kHz)) lower than the composite power.
To demonstrate this, two measurements are made with a medium power PA. In the first measurement CW signals are used as stimulus and in the second measurement GMSK signals are used as stimulus. In both cases, the input power levels of the CW and GMSK signals are the same.

Note to the practical measurements:

The input power levels (CW and GMSK) are measured with a wide band power meter and adjusted to a composite power level of 23 dBm (20 dBm each). The difference in the display of the spectrum analyser is cased by the RBW of 30 kHz. So if the CW power of e.g. 20,25 dBm is spread over 200 kHz (GMSK) and then measured with a RBW of 30 kHz should result in a 10*log(200 kHz / 30 kHz) = 8,23 dB lower level. Since the GMSK signal is not a rectangular signal in reality the difference is lower (20,25 dBm - 13,44 dBm = 6,81 dB). 
The measurement shows that intermodulation distance for this example even increases compared to the theoretical expected reduction from CW to GMSK of approximately 3 dB.

The results are shown in Figure 1 and Figure 2.
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Figure 1 - Intermodulation attenuation with CW stimulus signals
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Figure 2 - Intermodulation attenuation with GMSK stimulus signals

It can been seen from Figure 1 that when a CW stimulus is applied to the PA, the resulting distortion products are approximately 60 dBc (Delta marker 3); whereas from Figure 2, it can be seen that when a GMSK stimulus is applied the resulting distortion products are approximately 64.5 dBc (Delta marker 3). Therefore, although the power level into the PA is the same in both cases, the intermodulation attenuation is approximately 4.5 dB better when GMSK signals are used as stimulus instead of CW signals. So it is easier to achieve a lower absolute value requirement with the test method where modulated signals are used (BTS case); or the other way round the same requirement is harder to meet when the CW signals are used (Repeater case).
4 Conclusion

In this document we have shown that a PA tested with two modulated signal, could have up to a 4.5 dB worse relative or a 4 to 11 dB absolute intermodulation attenuation compared to a PA tested with two CW signals to meet the same requirement level. 
If a BTS, tested with two modulated signals, and a Repeater, tested with two CW signals, meet the same requirement level of intermodulation attenuation, then the Repeater PA intermodulation attenuation capability needs to be 4 dB to 11 dB better than the PA of the BTS.
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