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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]During RAN4#84bis, the group was close to defining performance requirements based on proposals from various companies until the question how REFSENS shall be tested using OTA for FR2 came up. This contribution outlines suitable approaches to measure REFSENS.
Discussion
Various proposals for reference sensitivity (REFSENS) requirements were made in previous meetings [1-5]. In the last meeting, the group was close to define REFSENS requirements based on the average of the proposed levels until it was questioned how REFSENS was tested [6].
Reference sensitivity is defined in Clause 7.3 of [7] as follows:
[bookmark: _Toc490144628]7.3	Reference sensitivity power level
The reference sensitivity power level REFSENS is the OTA power applied to the receivers (rank 1 with at least two baseband ports) in the direction where peak gain is achieved, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.
In Section 2.1, this contribution outlines different definitions of the peak gain direction together with a suitable approach how to determine the directions using a fast 3D scan. In Section 2.2, this contribution outlines proposals to test REFSENS in an OTA environment for FR2.
Peak Gain Direction
The definition for REFSENS in [7] refers to the peak gain direction. At this point, the definition of peak gain direction is not clear as it could be referenced to largest single polarized component ( or  polarization) or the total component (sum of  and  polarization) of the composite antenna gain.
[bookmark: _GoBack]In order to determine the peak gain directions for the receive antennas beam steered towards arbitrary directions, a 3D scan of the received signal strength (RSS) can be performed similar to Clause 6.15.4 in [8]. Using a measurement grid [9] that is TBD, the gNB output power level is adjusted for each measurement path to achieve a fixed power level at the centre of the quiet zone separately for each polarization (, ). The RSS values recorded by the UE shall be recorded for each grid point separately for each polarization, i.e., RSS and RSS. This approach is commonly used for legacy technologies due to the very fast test times. 
After the RSS pattern measurement, the peak gain directions can be determined:
· Peak gain direction peak,peak,of the RX antennas for the  polarization component: 
RSSpeak,peak, peak, = max [ RSS ]
· Peak gain direction peak,peak,of the RX antennas for the  polarization component: 
RSSpeak,peak,peak, = max [ RSS ]
· Peak gain direction peak,ipeak,iof the RX antennas for the strongest individual component: 
RSSpeak,ipeak,ipeak,i) = max [ RSSpeak,peak, peak, , RSSpeak,peak,peak, ]
· Peak gain direction peak,Tpeak,Tof the RX antennas for the total component: 
RSSpeak,Tpeak,Tpeak,T) = 0.5*max [ RSS + RSS ]
Observation 1: An RSS-based measurement approach can be used to determine the various peak gain direction of the RX antennas. 
REFSENS Procedures
The testability aspect of the OTA power level at which the throughput shall meet or exceed the requirements for the specified reference measurement channel is unclear. For conducted tests, this REFSENS power level is the power level at the conducted port; however, for radiated tests there is no equivalent OTA power level. Traditionally, OTA tests have focused on the effective isotropic sensitivity (EIS) which is the power level at which the target throughput is met or exceeded. As EIS is assessed separately for each polarization (, ), there is no equivalent to the REFSENS power level in OTA. 
One approach discussed in [6] is
· The reference point for the REFSENS specification is the total power at the center of the quiet zone of the test system.
· The test signal shall be transmitted with orthogonal polarizations.
This approach requires the test signal to be applied to the orthogonal polarizations (, ) of the measurement antenna. The differences in the respective conducted and radiated paths, need to be compensated so that the power at the centre of the quiet zone for each polarization is the same. While the magnitudes of the test signals received at the centre of the quiet zone can be adjusted, the issue is the phase difference between them. At FR2 frequencies, those phase differences cannot be controlled adjusted accurately which could therefore lead to the signal at the centre of the quiet zone to be elliptically polarized with varying polarization states. The differences in polarization loss between the elliptical test signal and the RX antennas will therefore lead to differences in the received powers. 
Observation 2: Using a test signal for REFSENS that is transmitted with orthogonal polarizations leads to unreliable measurements.  
To avoid the polarization loss uncertainties, it is suggested to apply power levels at the centre of the quiet zone using just a single polarization. 
Proposal 1: For REFSENS test cases, apply the power levels at the centre of the quiet zone using just a single polarization at a time.
Suitable approaches for the REFSENS test case are highlighted in Table 1 which are based on test signal applied to just a single polarization at a time. 
[bookmark: _Ref498628942]Table 1: REFSENS Measurement Approaches
	Approach
	Test Point
	Procedure

	1
	(peak, peak,)
&
(peak, peak,)
	· Position the UE so that the peak gain for the -polarization is formed towards the measurement antenna
· Adjust the test signal power so that the power of the -polarization at the centre of the quiet zone matches the REFSENS power level
· Determine whether the throughput meets/exceeds the requirements for the specified reference measurement channel
· Position the UE so that the peak gain for the -polarization is formed towards the measurement antenna
· Adjust the test signal power so that the power of the -polarization at the centre of the quiet zone matches the REFSENS power level
· Determine whether the throughput meets/exceeds the requirements for the specified reference measurement channel
· Whether the REFSENS test case has passed with just one pass or two passes is TBD

	2
	peak,ipeak,i
	· Position the UE so that the peak gain for the strongest individual polarization is formed towards the measurement antenna
· Adjust the test signal power so that the power at the centre of the quiet zone matches the REFSENS power level
· Determine whether the throughput meets/exceeds the requirements for the specified reference measurement channel

	3
	peak,Tpeak,T
	· Position the UE so that the peak gain for the -polarization is formed towards the measurement antenna
· Measure the EIS for -polarization, i.e., the power level for the -polarization at which the throughput exceeds the requirements for the specified reference measurement channel
· Position the UE so that the peak gain for the -polarization is formed towards the measurement antenna
· Measure the EIS for -polarization, i.e., the power level for the -polarization at which the throughput exceeds the requirements for the specified reference measurement channel
· Calculate the resulting EIS for the total component 
EIST=[1/EIS +1/EIS]-1
· Determine whether REFSENS meets/exceeds EIST 



Proposal 2: Select the REFSENS test case measurement approach from the approaches outlined in Table 1 and define the requirements accordingly.
Summary
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation 1: An RSS-based measurement approach can be used to determine the various peak gain direction of the RX antennas. 
Observation 2: Using a test signal for REFSENS that is transmitted with orthogonal polarizations leads to unreliable measurements  
Proposal 1: For REFSENS test cases, apply the power levels at the centre of the quiet zone using just a single polarization at a time.
Proposal 2: Select the REFSENS test case measurement approach from the approaches outlined in Table 1 and define the requirements accordingly. 
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