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1.
Introduction
This contribution introduces an evaluation result of stability (gain characteristics) of the external amplifier unit for FR2 test system as one of factors for measurement uncertainty contribution “Amplifier uncertainties”.
2.
Discussion
2.1
Stability test of amplifier unit
As described in TR 38.903 [1], one of the measurement uncertainty contributions called “Amplifier uncertainties” consists of following factors: Stability, Linearity, Noise figure, Mismatch, and Gain. Since noise figure and mismatch are included in other MU contributions, and Gain can be calibrated out as far as the unit exists at both calibration stage and measurement stage, we firstly tried evaluating the stability. 
Actual evaluation was carried out with an amplifier unit in a temperature chamber and measuring the gain characteristics from 10 to 40 degrees C conditions.
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Figure 2.1-1: Setup of amplifier stability test
To compare different types of amplifier modules, or combinations of modules in the unit, multiple frequency paths in the unit and also different amplifier units were tested. Test conditions are shown in table 2.1-1 as follows.

Table 2.1-1: Stability test conditions

	Measured frequency paths in a unit
	Totally 7 frequency paths between 6 GHz and 66 GHz. (e.g. 20 to 40 GHz, 40 to 60 GHz, etc.) 

	Temperature test point
	10, 25, 40 ℃ 

	Frequency resolution
	0.1 GHz or 1 GHz 

	Number of DUTs
	2 units max (some frequency paths were measured only with 1 unit)


 It turned out that the amplifier gain characteristics vary from 0.08 to 0.20 dB/℃ depending on the measurement paths. Or even with the same measurement path (frequency path), we got a different result such as approximately 0.04 dB/℃ when we tested a different amplifier unit.
Observation 1: Gain characteristics of amplifier unit varied from 0.08 to 0.20 dB/℃ within the frequency range from 6 GHz to 66 GHz.
Observation 2: Some differences such as approximately 0.04 dB/℃ max were observed even with the same measurement path when we tested a different amplifier unit.
 Companies are encouraged to confirm if similar results are observed.
2.2
Temperature range to apply to the stability factor
 To decide the amplifier uncertainties MU, there are two remaining factors which we need to figure out. One is a temperature ranges to apply to the stability factor. And the other is linearity. There might be some ideas for the definition of temperature ranges in this amplifier uncertainty case. One idea is to apply an operating temperature range which is specified to the conformance test system for example 25 +/- 5 ℃. The other idea is to apply possible variation of ambient temperature in a test environment on condition that we assume the test system is placed in the temperature controlled room, for example +/- 3 ℃ variation.
Observation 3: To decide the amplifier uncertainties, we need to decide how we define a temperature range to apply to the stability factor.
Option 1: Apply an operating temperature range which is specified to the conformance test system. 
(e.g. 25 +/- 5℃)

Option 2: Apply possible variation of ambient temperature in a test environment on condition that we assume the test system is placed in the temperature controlled room. (e.g. +/- 3℃ ) 
If we consider the worst case, it seems to be straightforward that we apply option 1 above. Companies are encouraged to show views.


3. Conclusion
In this contribution, we introduced an evaluation result of stability (gain characteristics) of the external amplifier unit for FR2 test system as one of factors for measurement uncertainty contribution “Amplifier uncertainties”.
 Observation 1: Gain characteristics of amplifier unit varied from 0.08 to 0.20 dB/℃ within the frequency range from 6 GHz to 66 GHz.

Observation 2: Some differences such as approximately 0.04 dB/℃ max were observed even with the same measurement path when we tested a different amplifier unit.

Observation 3: To decide the amplifier uncertainties, we need to decide how we define a temperature range to apply to the stability factor.

Option 1: Apply an operating temperature range which is specified to the conformance test system. 
(e.g. 25 +/- 5℃)

Option 2: Apply possible variation of ambient temperature in a test environment on condition that we assume the test system is placed in the temperature controlled room. (e.g. +/- 3℃ ) 
Companies are encouraged to confirm if similar results are observed and also to show views on the definition of temperature range to apply to the stability factor.
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