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1. Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The basic idea of the impact of a test system’s conducted part on the measurement uncertainties has been discussed in [7]. In this contribution, the mismatch uncertainty between the test equipment and the measurement antenna is studied for the case of a test equipment capable of running several conformance test cases without user interaction. 
2. Discussion
The mismatch uncertainty for a system consisting of a generator, a load and a component in between is defined as 
, 
where  denotes the reflection coefficient and  is the transmission coefficient, both in linear voltage ratios [1]. 
For a cascade of several components, the interactions between all components have to be evaluated. For example, for five devices in a row (shown in Fig. 1) the following contributions have to be accounted for: AB, BC, CD, ABC, BCD, ABCD. The term ABCD represents the interaction between A and D (generator and load) with the components B and C in between.


Figure 1: Cascade of components
The combined mismatch uncertainty is given by the root sum square of the individual contributions:

The exemplary path under investigation consists of four SPDT switches, one SP6T switch and one DPDT switch and microwave cable interconnects with PC2.4 mm connectors. The attenuation and reflectance of typical components suitable for frequencies ranging up to 43.5 GHz have been considered in the calculation of the mismatch uncertainty.
Figure 2 shows a sample system setup for an EIRP/EIS test case with rather simple complexity of the switch box similar to a current sub 6GHz test setup. It should be noted that the switch unit is significantly less complex than a state-of-the-art switch unit currently used for conformance tests.
[image: ]
Figure 2: Block Diagram of an EIRP/EIS test case with components from the gNB to the antenna (only portion of switch unit shown)

Table 1 comprises the reflection and transmission properties of the components of the example path at a frequency of 43.5 GHz. 
	Device / Component
	VSWR
	Transmission (dB)
	Identifier in Figure 1
	Additional Comment/
Assumption
	Spec from Ref.

	System Simulator
	3.5
	
	gNB
	
	

	Cable
	1.5
	-5.38
	C1
	Length: 1.5m
Loss: 3.59dB/m 
	[2]

	Cable
	1.5
	-0.61
	C2, C3, C4, C5, C6, C7, C8
	Length: 0.17m
Loss: 3.59dB/m
	[2]

	Cable
	1.5
	-7.18
	C9, C10
	Length: 2.0m
Loss: 3.59dB/m
	[2]

	Feedthrough
	1.3
	-0.66
	F1, F2, F3
	
	[3]

	SPDT switch
	1.9
	-1.10
	K1, K3, K5, K7
	
	[4]

	SP6T switch
	2.2
	-1.20
	K9
	
	[5]

	Transfer switch
	2.0
	-1.10
	K10
	
	[6]

	Antenna
	2.0
	
	Meas. Ant.
	
	


Table 1: Properties of the devices and components used in the calculation
The calculation of the overall mismatch uncertainty for a frequency of 43.5 GHz results in a value of 2.7 dB for the standard deviation, i.e., the expanded uncertainty is 5.3 dB.
Observation 1: 
Test equipment in between the antenna and the system simulator required for execution of a series of conformance test cases without user interaction results in non-negligible mismatch uncertainties. In this example, the standard deviation value is 2.7 dB and the expanded uncertainty is 5.3 dB.
In a well-designed test procedure, the overall mismatch uncertainty is smaller when matching pairs of mismatches exist in the calibration and measurement stage since these pairs cancel each other out. Figure 3 displays an exemplary calibration setup, where device D is replaced by device F. The mismatch contributions for this path are AB, BC, CE, ABC, BCE and ABCE. For a result based on the measurement and calibration stage, the mismatch contributions AB, BC, and ABC are matching pairs as they occur both in the measurement and calibration stage. Thus, they can be eliminated [1] and the system mismatch uncertainty is obtained as 


Figure 3: Sketch of a calibration path

Observation 2: 
For the mismatch uncertainty, the actual calibration and measurement procedures have to be taken into account as the overall system mismatch uncertainty can be reduced by eliminating matching pairs of mismatches of the two stages.
Figure 4 depicts a possible calibration for a part of the setup.
[image: ]
Figure 4: Block Diagram of the calibration stage

For the VNA a return loss of 30 dB is assumed after a full two-port calibration. The calculation of the system mismatch uncertainty applying the elimination of matching pairs results in a value of 1.0 dB (standard deviation) with an expanded value of 1.9 dB.
Observation 3: 
Using a VNA for calibrating the test setup and reducing the mismatch uncertainty by eliminating matching pairs of mismatches the expanded uncertainty can be reduced from 5.3 dB to 1.9 dB.

3. Summary
[bookmark: _GoBack]The influence of additional components in-between the system simulator and the measurement antenna on the mismatch uncertainty has been evaluated for an exemplary case. 
Observation 1: 
Test equipment in between the antenna and the system simulator required for execution of a series of conformance test cases without user interaction results in non-negligible mismatch uncertainties. In this example, the standard deviation value is 2.7 dB and the expanded uncertainty is 5.3 dB.
Observation 2: 
For the mismatch uncertainty, the actual calibration and measurement procedures have to be taken into account as the overall system mismatch uncertainty can be reduced by eliminating matching pairs of mismatches of the two stages.
Observation 3: 
Using a VNA for calibrating the test setup and reducing the mismatch uncertainty by eliminating matching pairs of mismatches the expanded uncertainty can be reduced from 5.3 dB to 1.9 dB.
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