3GPP TSG-RAN WG4 meeting #63 
 R4-122354
Prague, Tchechien, 21. – 25. May, 2012     


Source:
Kathrein
Title:
PIM comparison of CW-carriers and modulated carriers 
Agenda item:
Passive InterModulation (PIM) handling for Base Stations

Document for:
Discussion
1. Introduction
To progress the work for the definition of Passive Intermodulation study item (PIM), there is a need to express in more detail the dependency of CW mode determination of intermodulation level in comparison with the real intermodulation spectrum density for the modulated signal. This paper initiates the discussion of this topic and proposes a basic approach.
2. Discussion
Currently there are described the different sources of PIM in [1]. The need for measurements and the relation to achievable spectrum density was already addressed in the 3GPP TS 25.461, Annex A , [2]. Here the relaxation of the required PIM levels was defined by an empirical way. Nevertheless, the determination of the PIM level of passive equipment for mobile communication is carried out by CW 2-tone measurement, typically at a defined power level of 2 x 20W. The requirement for the spectrum emission and distortion is given in spectrum density functions. Therefore there is a need to give an appropriate formula to transfer the spectrum density requirements into two tone requirements for PIM level at a defined power.
3. Proposal

The dependency of  PIM of an passive device can be categorized by a CW two tone measurement in a defined manner. Typical values are measurements with 2 x 20W and levels of  150dBc…160 dBc for passive antennas and antenna line devices. In real operation the carriers, which are producing  the relevant intermodulation products are signals with a defined bandwidth B. The intermodulation of these carriers are depending on the power of the signals and the bandwidth. Assuming e.g. two input signals with 10 MHz bandwidth, the resulting intermodulation spectrum of the third order  is to be expected with at least 30 MHz bandwidth, whereas the form of the spectrum shows a slope to the band edges.
Measurements can demonstrate, that the determination with 2 tone (CW) carriers demonstrate the worst case scenario for passive intermodulation regarding the absolute level of the intermodulation product. Thus the level of the power, determined with a two tone measurement,  shall be taken as the worst case reference for an equivalent modulated signal over the relevant bandwidth.
Thus there can be  shown the following equation:
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Which means, that the power which is contained in a certain intermodulation product of 3rd order based on an CW signal is greater or equal to the sum of the power density caused by two modulated signals with a bandwidth BW around the frequency under consideration. The power of the operating CW or modulated signals shall be equal.

The spectrum power density of the modulated signal can be derived from the PIM level, determined with a two tone measurement taking the relevant bandwidth of the modulated signal. In a first approach, a triangular  power distribution with N times of the bandwidth of the modulated signal is assumed (N is the order of the intermodulation product) .
Thus the maximum spectrum density can be expected to be the double of the average density. The maximum spectrum density is related to the CW power of a two tone excitation  as follows: 
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It shall be noted, that the PIM level of higher order intermodulation typically is much lower (-8.-.9 dB/order) than the PIM of 3rd order intermodulation. The influence on the degradation of the sensitivity than can be calculated by adding the intermodulated spectrum signal density to the noise floor at a given noise figure. This is true to the decorrelation of the intermodulated signal to the original operating signal. 
For example: Assuming a PIM level based on -150 dBc at 2x20W CW signals, an equivalent scenario with two modulated carriers with 4 MHz BW each will produce a spectrum with an maximum sum of power which is  less or equal than (PIM3 = -150+43 dBm = -107 dBm). Following the triangular power distribution over the discussed frequency, this gives a maximum level of SIM3, Mod, max (-107 +3)dBm/12MHz =-114.8 dBm/MHz or -124.8 dBm/100 kHz.
4. Summary

A simplified approach of transformation of the PIM behavior based on CW based measurements and  the application for signals with defined bandwidth was proposed. The approach is based on the assumtion, that the CW intermodulation behavior is the worst case scenario, which has been observed in typical scenarious. Still open topics are the proof of possible relaxation due to the modulated signals and possible effects of the intermodulation mechanism of spread spectrum signals. This shall be presented in a following paper based on calculations and/or measurements.
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