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1.	Introduction
UE OFF power requirement and UE minimum output power requirement represent extreme receive sensitivity values for the measurement equipment. OTA measurement in high frequency bands with large uplink bandwidths makes this measurement critical und additionally, when these TCs run in normal and extreme conditions.
This paper treats power off and minimum output power for direct far field measurement and enhances [1] the testability of low power requirements assuming the typical OTA test system setup.

2. Discussion
In [1], the link budget for a test equipment operating in FF with direct FF measurement was described and the measurable DUT Output Power for one polarization can be described as follow:
EIRP_DUT[dBm] = SNR_TE[dB] + NF_TE[dB] + N [dBm] + L_FS[dB] – G_TE[dB] + L_TE[dB] 
where, 
EIRP_DUT is minimum EIRP of the DUT possible to measure with a reasonable effort
SNR_TE: Required SNR at the measurement equipment for being able to measure
NF_TE: is noise figure of the measurement equipment,  
N is thermal noise and is -174+ 10 log (MBW) for 300K temperature where MBW is measurement bandwidth in Hz.
L_FS is free space loss, 
G_TE is measurement antenna gain, 
L_TE is loss from measurement antenna to measurement equipment (such as cable loss)
The total power has not been taken into account here and could be analysed in subsequent papers.

In the following, we analyse the contributions in detail and try to figure out possible use cases.
The free space loss L_FS depends on the frequency and the measurement distance. The measurement distance depends on the mobile size and on the FF distance of the antenna. In the following table, three frequencies covering the agreed Range 2 and three examples of measurement distances have been chosen for determining the L_FS in dB:
	Frequencies \ Measurement distance
	0.5m
	1m
	1.5m

	25GHz
	54.4 dB
	60.4 dB
	63.9 dB

	34GHz
	57.1 dB
	63.1 dB
	66.6 dB

	43GHz
	59.1 dB
	65.1 dB
	68.6 dB



L_TE, the loss from measurement antenna to measurement equipment, can be determined by the technology used (Cable or waveguide (less loss but narrow band)), its length, and the transitions needed, (…), and the measurement frequency, and can go from 2dB to e.g. 6dB. 
NF_TE, the noise figure of the measurement equipment depends on the bandwidth covered by the measurement equipment receiver and the flexibility of this receiver and can cover values going from 10dB to e.g. 16dB.
G_TE is measurement antenna gain: 15 to 18dBi, depending on the antenna directivity. Cross-polarized antennas covering e.g. the broadband antenna have less gain compared to narrow band antennas.
N is thermal noise and is – 174 + 10 log (MBW) dBm for a temperature of 300K  where MBW is measurement bandwidth in Hz: For the worst case with the agreed maximum BW in Range 2 is 400MHz, N equals – 174+ 86dB = -88dBm
SNR_TE: the required SNR at the measurement equipment to be able to perform the measurement
· For PowerOff (EIRP), only the power needs to be measured: 10dB SNR should be enough for an uncertainty contribution of 0.4 dB due to SNR impact.
· For MinPower (EIRP) evaluation, the power and the EVM of the signal have to be measured. If the same system accuracy of 2.5% as in LTE is required for the measurement, this implies an EVM of -32dB, so at least 32 dB SNR is required.
All together:
EIRP_DUT[dBm] = SNR_TE[dB] + NF_TE[dB] + N [dBm] + L_FS[dB] – G_TE[dB] + L_TE[dB] 
Observation 1: The minimum power and power off values the test system is capable of measuring depend on CBW, FF distance, the frequency band, and on the complexity of the measurement equipment.
Power Off for a CBW of 400MHz:
Minimum measurable EIRP of the DUT possible with a reasonable effort for an optimized narrow band measurement system for higher frequency band in Range 2, for a FF distance of 0.5m (for small devices and UE antenna gain):
Best case DUT Power off    = 10dB + 10dB – 88dBm + 59.1dB – 17dB + 2dB = – 23.9dBm
[bookmark: _GoBack]Minimum measurable EIRP of the DUT possible with a justifiable effort for a broadband band measurement system:
Worst case DUT Power off = 10dB + 16dB – 88dBm + 59.1dB – 15dB + 4dB = – 13.9dBm
Minimum measurable EIRP of the DUT possible with a justifiable effort for an optimized narrow band measurement system for higher frequency band in Range 2, for a FF distance of 1.5m (e.g. for CPE and higher UE antenna gain):
Best case DUT Power off    = 10dB + 10dB – 88dBm + 68.6dB – 17dB + 3dB = – 13.4dBm
Minimum measurable EIRP of the DUT possible with a justifiable effort for a broadband measurement system:
Worst case DUT Power off = 10dB + 16dB – 88dBm + 68.6dB – 15dB + 6dB = -2.4dBm
Minimum Output Power for a CBW of 400MHz with 2.5% system accuracy:
Minimum measurable EIRP of the DUT possible with a justifiable effort for an optimized narrow band measurement system for higher frequency band in Range 2, for a FF distance of 0.5m (for small devices and UE antenna gain):
Best case DUT Min Power = 32dB + 10dB – 88dBm + 59.1dB – 17dB + 2dB = -1.9dBm
Minimum measurable EIRP of the DUT possible with a justifiable effort for a broadband measurement system:
Worst case DUT Min Power = 32dB + 16dB – 88dBm + 59.1dB – 15dB + 4dB = +8.1dBm
Minimum measurable EIRP of the DUT possible with a justifiable effort for an optimized narrow band measurement system for higher frequency band in Rang 2, for a FF distance of 1.5m (e.g. for CPE and higher UE antenna gain):
Best case DUT Min Power = 32dB + 10dB – 88dBm + 68,6dB – 17dB + 3dB = +8.6dBm
Minimum measurable EIRP of the DUT possible with a justifiable effort for a broadband measurement system:
Worst case DUT Min Power = 32dB + 16dB – 88dBm + 68,6dB – 15dB + 6dB = +19.6 dBm
Observation 2: For the EVM measurement at minimum power, less EVM accuracy and lower modulation order allow the measurement of lower minimum power.
As described above, the measurable power off and minimum power value depend on the equipment in place and number of equipment needed for covering bands going from 24GHz to 43GHz. In addition, it depends on the physical size and FF distance of the DUT to measure.
All parameters together bring a large variation of measurable Power Off and Min Power value.

3.	Conclusion
In this paper, we discussed the testability for minimum output power and power off requirements for Range 2 for direct measurement setup in FF.
Observation 1: The minimum power and power off values the test system is capable of measuring depend on CBW, FF distance, the frequency band, and on the complexity of the measurement equipment.
Observation 2: For the EVM measurement at minimum power, less EVM accuracy and lower modulation order allow the measurement of lower minimum power.
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