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Introduction

Document TSG R4#8 (99) 702 proposes test-case specific tolerances for the 25.141. For a further detailed analysis of the accuracy of the measurements it is necessary to make some assumptions concerning the contribution of the mismatch error between the measurement equipment and the device under test.

Taking typical mismatch errors into account Rohde & Schwarz exemplary analyzed the uncertainties for absolute and relative total-power and code-domain power measurements, which are relevant for the Base station output power and Output power dynamics test-cases, according to the ETR028 (which is the basis for the uncertainty calculation in the measurement of mobile radio equipment). 

For discussion

I. Assumptions

Since the total uncertainty of a measurement is a function of both, the measurement equipment and the device under test (DUT) – which are correlated by the mismatch error 
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 – it is necessary to discuss both contributions independently. In principle there are two possibilities:

1. First, the uncertainty of the measurement can be reduced to the uncertainty of the measurement devices by assuming, that the reflection factor of the DUT is (DUT=0 – the mismatch of the measurement equipment and the DUT is assumed to be zero.

2. Second, the uncertainty is the total uncertainty taking the mismatch between measurement equipment and DUT into account. In this case, the above mentioned uncertainty limits of the measurement devices have to be corrected by the mismatch contribution, which can be significant: 

Example for out-of-band regions: 
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In addition it is necessary to require upper limits for reflection factors of the measurement equipment and the DUT´s (proposal according to ETR028: (=0.2 for the in-band measurements and (=0.7 for the out-of-band measurements). 

II. Analyzing the uncertainty limits for the base station output power and output power dynamics in the down-link according to assumption 2, which are exemplary for in-band absolute/relative total and code domain power measurements, Rohde & Schwarz calculated the following uncertainties: 


R&S
Ericcson

Absolute total output power 
 +/-1.0 dB
+/-0.5dB

Relative total output power
+/- 0.4 dB
+/-0.3 dB

Absolute code domain power 
+/- 1.1dB
+/-0.8dB

Relative code domain power (at 25dB relative power)
+/- 1.1 dB
+/-0.3dB

The basis of these calculations are the ETR028 and typical datasheet values of measurement devices. The detailed calculations are summarized in the Appendix.

Appendix

Uncertainty contributions of the involved devices

Signal Generator

Contribution
fstart
fend
Uncertainty/Datasheet
95% confidence level

Output level stabilty


0.05 dB
0.06

Repeatability


0.01 dB
0.01

VSWR


2


Power Meter

Contribution
fstart
fend
Uncertainty/Datasheet
95% confidence level

at 0dBm

Meter noise


40 pW
0 dB

Zero error


100 pW
0 dB

Linearity error


0.7 % (2()
0.03 dB

Temperature error


1 % (1()
0.03 dB

Calibration error
2.1GHz
4GHz
0.08 dB (2()
0.08 dB

Power meter accuracy


0.3%
0.02 dB

VSWR
0
1GHz
1.06



1GHz
2GHz
1.13



2GHz
4GHz
1.27



4GHz
18GHz
1.41


Spectrum Analyzer

Contribution
fstart
fend
Uncertainty/Datasheet
95% confidence level

Absolute error


0.3 dB
0.34 dB

Reference level error


0.2 dB
0.23 dB

Frequency responce
0
2.2 GHz
0.5 dB
0.57 dB


2.2 GHz
7 GHz
1 dB
1.13 dB


7 GHz
18 GHz
2 dB
2.26 dB

Attenuator error


0.3 dB
0.34 dB

Log. Linearity error
0 dB
-50 dB
0.3 dB
0.34 dB


-50 dB
-70 dB
0.5 dB
0.57 dB


-70 dB
-90 dB
1dB
1.13 dB

Switching RBW
1 kHz
30 kHz
0.2 dB
0.23 dB


100 kHz
300 kHz
0.2 dB
0.23 dB


1000 kHz
10 MHz
0.3 dB
0.34 dB

VSWR
0
3.5GHz
1.5



3.5
7GHz
2



7
26.5
3


Code Domain Analyzer

Contribution
fstart
fend
Uncertainty/Datasheet
95% confidence level

Absolute code domain power



1 dB

Relative code domain power



1 dB

Total Power dynamic range

Absolute total output power

For measuring the true level of a signal with optimized uncertainty it is necessary to calibrate the complete measurement system (spectrum analyzer, a so-called application cable with attenuators and the DUT) by transferring the accuracy of a device that is traceable to national standards — namely a power meter — to the complete measurement system.

In that case of the base station output power the measurement can be split in two independent steps:

1. Calibration of the spectrum analyzer with a power meter/signal generator

2. Measurement of the DUT with the spectrum analyzer

For the calculation of the uncertainty, which is according to the ETR028, the following contributions have to be taken into account (with 95% confidence level):

Ad 1:

Power Meter

· All contributions as listed in the table


0.09 dB

Uncertainty Signal Generator

· Repeatability




0.01 dB

Uncertainty spectrum analyzer

· Absolute error




0.34 dB

· Reference level error




0.23 dB

· Linearity error




0.34 dB

Mismatch contributions between (VSWR)

· Signal Generator (1.3) and Power Meter (1.3)

0.21 dB (typical values)

· Signal Generator (1.3) and Spectrum Analyzer (1.3)
0.21 dB (typical values)

Ad 2:

Uncertainty spectrum analyzer

· Absolute error




0.34 dB

· Reference level error




0.23 dB

· Linearity error




0.34 dB

Mismatch contributions between (VSWR)

· DUT (1.5) and Spectrum Analyzer (1.3)

0.31 dB (typical values)








SUM
0.87 dB

Because of the calibration procedure it is possible to reduce/ignore the following contributions of the Signal Generator

· Linearity error



reduce
1.13 dB to 0.34 dB

· Frequency response 



ignore
1.13 dB

· Attenuator error



ignore
0.34 dB

· Resolution bandwidth switching error

ignore
0.34 dB

Relative total output power

Uncertainty spectrum analyzer

· Linearity error




0.34 dB








SUM
0.34 dB

Power control dynamic range

Maximum and minimum power

The uncertainty of the absolute code domain power is determined by the 

Total absolute code domain error of the code domain analyzer
1 dB

Mismatch between DUT and code domain analyzer


0.31 dB

VSWR    
   1.5
     1.3









SUM
1.05 dB

Power control dynamic range (at 25 dB relative power)

The uncertainty of the relative code domain power is determined by the 

Total relative code domain error of the code domain analyzer

1dB

Mismatch between DUT and code domain analyzer


0.31 dB

VSWR

   1.5
     1.3








SUM
1.05 dB
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