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Introduction

This paper present measurement results for higher order intermodulation. It is proposed to include these results in the TR.
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6.2.
Measurements

This chapter shows measurement results for different intermodulation sources carried out by several companies. 

6.2.1
Measurement configuration

A typical experimental setup used for high sensitivity two tone CW measurements and WCDMA measurements is shown in figure 6.2.1-1.
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Figure 6.2.1-1: Setup for two tone CW and spread spectrum measurements
6.2.2 
Two tone measurement results 

Two tone constant wave (CW) measurements for different combinations of power levels of both carriers are reported in [3] The PIM source used was a standard PIM source (IM3 = -80 dBm at 2 × 43 dBm). Results are shown in figure 6.2.2.1 to 6.2.2.-3. The solid line represents a theoretical 3rd order calculation. As expected these curves matches very well to measured data for low carrier powers. At higher power levels (P1 + P2 > (33 dBm), measured PIM levels are smaller than the simple 3rd order theory predicts. This indicates that the true ‘conversion factor’ for WCDMA will also be slightly lower than theory.
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Figure 6.2.2-1: Measured IM3 levels compared to theory (solid line), variation of power for both CW signals P1 = P2
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Figure 6.2.2-2: Measured IM3 levels compared to theory (solid line), variation of P1 only, P2 is fixed
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Figure 6.2.2-3: Measured IM3 levels compared to theory (solid line), variation of P2 only, P1 fixed
For IM5, the degradation of 1 dB - 5 dB relation, more pronounced than for IM3. The absolute levels of IM5 and IM7 are significantly lower than IM3 (measured: -37 dB for IM5 and -64 dB for IM7 at 2 x 43 dBm). The reported results can be generally accepted. Similar results are reported by Huawei and Kaelus [3]. Figure 6.2.2-4 shows a Kathrein measurement using specially prepared BS antennas.
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Figure 6.2.2-4: IM3 measurement of PIM for 2 differently prepared antennas

Huawei presented in figure 6.2.2-5 a 1 dB - 2.5 dB relation at 43 dBm. Kaelus investigated differently jumper cables and also measured comparable data (figure 6.2.2-6).
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Figure 6.2.2-5: Simulation and Measured result of the PIM power vs. input power from Huawei
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Figure 6.2.2-6: Measured IM3 power for jumper cables [3]

6.2.3
Spread spectrum measurement results 

For comparison of spread spectrum signals with CW measurements, two remote radio heads (RRH) were used in the measurement set up of figure 6.2.1-1. The RRHs could transmit either WCDMA or CW signals. A conversion factor of 1.7 dB was observed for IM3 with an estimated measurement error of (0.5 dB (figure 6.2.3-1). As expected, this result is lower than the theoretical values. The conversion factor for IM5 is 3.2 dB in accordance with a measured 1 dB - 3.7 dB power relationship [3].
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Figure 6.2.3-1: Conversion factor: Comparison WCDMA signal to CW signal
Changing the excitation source from CW to modulated signal (GSM/UMTS/LTE source), the simulation result is shown in figure 6.2.3-2 (Huawei).
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Figure 6.2.3-2: Simulation result of the PIM power VS input power under different excitation from Huawei
Elaborate measurements are reported by Ericsson in [2]. A conversion factor of 2.1 dB is a reasonable assumption.
6.2.4
Measurement results for IM5 and IM7
This chapter shows measurement results for IM5 and IM7 products. The measurement conditions are the same as for IM3 two tone signals. 
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Figure 6.2.4-1: Measured IM5 and IM7 levels compared to theory (solid line), variation of power for both CW signals P1 = P2
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Figure 6.2.4-2: Measured IM5 and IM7 levels compared to theory (solid line), variation of P1 only, P2 is fixed 
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Figure 6.2.4-3: Measured IM5 and IM7 levels compared to theory (solid line), variation of P2 only, P1 fixed
The strength of the IM products depends on the source of the intermodulation. Kathrein investigated antennas, combiners and connectors & cables. 

The relation between IM3, IM5 and IM7 varied from 10 dB to 30 dB for different arrangements. These results are representative for antenna products. 

The Taylor series as model for the nonlinearly behavior leads to the result, that higher order IM products will increase faster with power than IM3. There will be expected the same level of higher order IM compared to IM3 at a certain high power. Nevertheless, Kathrein never observed this for real products. 

The limits of measurement configuration did not allow signal strengths higher than 47 dBm per carrier (50dBm in sum). However the curves suggest that there is a saturation. This is logical, as the sum power of all IM products cannot exceed the limit to the sum of the input power in contradiction to the unlimited theoretical Taylor model
6.2.5
Discussion of the measurement results

Comparison of theoretical results with several measurements showed that the theory explains the problem with sufficient precision.

The upper limit for a conversion factor is 3dB for 3rd order nonlinearity (PIM measurement BW = 3 times carrier BW). For the realistic case with the same BW for aggressor and victim, the conversion factor reduces from 3 dB to 1.8 dB. The conversion factor can be decreased by some tenths of dB for high power levels as measurements have showed. A conversion factor of 2.1 dB is a realistic assumption.
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