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Introduction
According to [1] radiated measurements will be the baseline configuration for testing all UE RF parameters beyond <TBD> GHz. [3] discusses the testing methodologies for mmWave UEs and outlines issues with far-field distances and related over the air path losses. However, the measurement link budget is another limiting factor for UE transmit signal modulation quality measurements in particular, e.g. EVM or spectrum emission mask. 
This contribution is focusing on the measurement link budget that is required for EUT (equipment under test, UE or BS transmitter) transmit signal quality measurements. Section 2 provides a set of terms and definitions as a baseline for discussion of the measurement link budget in Section 3.
Terms and definitions
Based on [2] a set of terms and definitions is given in table 1 regarding the OTA domain UE transmit power.
	UE transmit antenna terms
	Description

	 
	Power fed into the EUT transmit antenna 
(corresponds to conducted transmit power, and to PM in [2], respectively)

	=
	Realized EUT transmit antenna gain

	 
	Equivalent isotropically radiated power of the EUT transmit antenna

	
	Return loss of the EUT transmit antenna 

	
	Power accepted by the EUT transmit antenna

	
	Directivity of the EUT transmit antenna

	
	Radiation efficiency of the EUT transmit antenna

	 
	Power radiated by the EUT transmit antenna


Table 1: Terms and definitions for the radiated domain EUT transmit power
The power  radiated by the EUT transmit antenna is the relevant power for the measurement link budget.
With the Friis equation (assuming polarization-matched coupling and free field path loss exponent ) the measured power  at the measurement antenna with the realised gain  is given as:

While the EIRP is a given EUT attribute, the distance and the realised measurement antenna gain is a property of the test setup. The path loss, excluding the receive antenna gain is given in logarithmic scale as:

For example, for a 28 GHz signal the path loss would be 61.4 dB at  distance and 67.4 dB at  distance.
Discussion
Figure 1 depicts a conceptual setup of an EIRP type measurement as discussed in [1], e.g. to measure EVM of an UE in the centre of the main beam. For the measurement distance there are a set of requirements to be considered.

[image: ]
Figure 1: EIRP type test setup

· [bookmark: _GoBack]Measurement in the far field (FF) distance
With this requirement, the measurement distance shall be:
(1)		  > max(EUT FF distance; measurement antenna FF distance),
i.e. the distance shall exceed the EUT far-field distance (possibly unknown) or the measurement antenna far-field distance, whatever is greater. So, this determines the minimum size of such a test setup in length.

· Minimum measurement power requirement
To measure the EUT transmit signal EVM or spectral emission mask, for instance, the measurement receiver noise floor needs to be sufficiently below the received signal noise floor.
Thus, the measurement distance  shall be below a certain threshold to meet the minimum measurement power requirement:
(2)		.
The minimum threshold  regarding the measurement power is given by the measurement receiver reference sensitivity , the realized measurement antenna gain  and the required . The latter one depends on the measurement requirement of the RF parameter of interest (e.g. EVM < 1%).
Since a beam-formed UE transmit signal has significantly different directional gains, the issue becomes even more critical in case of full spherical measurements, in particular in the directions of weak side lobes and nulls. Thus, far-field measurements requiring a minimum signal dynamic arriving at the measurement antennas are potentially only feasible in the main lobe directions, e.g. within its HPBW range. 


Example: 
Frequency: 28 GHz (wavelength approx. 1 cm)
Channel bandwidth: 
 (minimum SNR to measure 1% EVM [4])
 (assumed noise figure of measurement instrument)


With the maximum expected UE transmit power  on a 100 MHz wide channel the maximum acceptable OTA path loss  would be  excluding the transmit and measurement antenna gain and potential cabling losses. This is illustrated in Figure 2 for the frequencies 28 GHz, 67 GHz and 90 GHz.
Figure 2: Measurement path loss vs. distance R for various frequencies, PLmax = 67 dB
Conclusions
The following test setup requirements need to be considered for transmit signal quality measurements in the far field:
(1) R > max(EUT FF distance; measurement antenna FF distance), with R = measurement distance.
(2) Limit over the air path loss  by means of minimizing the measurement distance or compensate the path loss with sufficient measurement antenna gain.
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