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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution is assessing the measurement uncertainty of the mismatch for the calibration stage. A similar contribution was presented in the previous meeting for the measurement stage [1]. 
Discussion
A suitable calibration stage concept was introduced in [2] and discussed in offline conference calls with test equipment and system vendors [3, 4].
The calibration stage for the paths up to the amplification unit is shown in Figure 1a for the conducted calibration and in Figure 1b for the radiated calibration stages, respectively [2]. In this contribution, only the radiated calibration stage is evaluated for lack of time. However, that portion corresponds to the largest MU element of the calibration stage. 
The evaluation of the insertion loss measurement uncertainty (MU) for this calibration stage is similar to the MU evaluation for the measurement stage presented in the last meeting [1]. The same assumptions for the cables and frequency of 43.5GHz apply here. 
The calculations for the mismatch MU for the conducted and radiated calibrations are based on the assumption for D = 5cm used in the Fraunhofer far-field distance equation, 2D2/.
All mismatch uncertainties stated in this paper are standard uncertainties, i.e., without expansion factors. 
The following assumptions for the new components apply:
· Amplification unit: 
· Gain: 35dB
· Reverse Transmission: -55 dB
· Return loss: 10dB
· Measurement Antenna:
· Gain: 15dB
· VSWR: 102.0
· Reference AUT:
· Gain: 10dB
· VSWR: 102.0
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(b)
[bookmark: _Ref498689126]Figure 1: Block diagram for the a) conducted, b) radiated calibration
The calculation of the mismatch MU was performed for the radiated portion and split into two paths: 
· Path A: VNA  Cable C1  Amplification Unit  Cable C4  Feedthrough  Cable C5  Feedthrough  Cable C3  VNA 
· Path B: VNA Port  Cable C1  Amplification Unit  Cable C4  Feedthrough  Cable C6  Measurement Antenna  & Pathloss & Reference AUT (modelled as attenuator with 37.43 dB loss and VSWR of 2.0 at input and output ports)  Reference AUT  Cable C8  Feedthrough  Cable C5  Feedthrough  Cable C3  VNA 
The mismatch uncertainty (standard deviation) of Path A was determined to be 0.73dB while the mismatch uncertainty of Path B was determined to be 0.99dB. Once the elimination principle was applied, i.e., matching pairs of mismatches, the overall mismatch MU for combined path A&B was determined to be 0.84dB. 
It was found that calibrating the VNA (assuming a 30dB return loss with calibration and 5dB without calibration) has an insignificant effect on the mismatch MU. 
The mismatch MU for the conducted portion of the calibration, shown in Figure 1a, based on the assumptions outlined in [2], was calculated to be 2.18dB. The combined mismatch MU without additional optimization would have to be the RSS’ed MU of the radiated state MU (0.84dB) and the conducted stage MU (2.18dB). Eliminating common pairs of mismatches could further reduce the MU but not by much. This would result in a ~2dB mismatch MU term in the calibration stage and the 2.7dB mismatch MU term in the DUT measurement stage [1] which is clearly unacceptable if the mismatch MU could further be optimized. 
Consequently, a total system calibration can significantly reduce the mismatch MU. An extensive analysis based on the block diagram for EIRP and EIS measurements introduced in [2]  including the elimination of common pairs yielded a mismatch MU for the EIRP and EIS measurements of 1.30dB. This MU element is the combined mismatch MU term from both the DUT measurement and calibration stages. 
 
Proposals
Proposal: take the mismatch MUs value for the split conducted and radiated calibration or for the total system calibration into account when assessing the MU of baseline test systems
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