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1.
Introduction

UE OFF power requirement and UE minimum output power requirement are assumed to be low level comparing to other requirements. Because of the high attenuation characteristic of mmWave in freespace, measurement of such low level requirements is challenging in mmWave OTA test system. This paper discusses the testability of low power requirements assuming the typical OTA test system setup.


2. Discussion
A simplified test setup for mmWave OTA Tx/Rx measurement based on baseline setup in [1] is shown in figure 1. Assuming the far-field measurement method and that requirement is specified at the point A, following equation determines the power level at the measurement equipment such as power meter, spectrum analyser etc.
P_TE [dBm] = P_DUT[dBm] – L_FS[dB] + G_TE[dB] – L_TE[dB]                  (1)
where, P_TE is input power at measurement equipment, P_DUT is EIRP of the DUT, 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).
SNR at the measurement equipment is given by

SNR_TE[dB] = P_TE[dBm] – NF_TE[dB] – N [dBm]             (2)
 where,  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. Existence of noise has impact to the measurement result. Assuming noise is non-correlated to the desired signal, measured power is increased by 10 log10(10^(-SNR_TE/10)+1) [dB] as an expected value.
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Figure 1. Test system setup of OTA Tx/Rx measurement for mmWave UE
Table 1 shows the assumed typical values for test system parameters. Separation of DUT antenna and test antenna is derived considering the far-field criteria 
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 specified in [1].  We assume D = 0.05 here though how to define D is not clearly concluded in RAN4. L_TE is assuming a commercially available mmWave cable with 50cm length.
Table 1. Assumptions for test system parameters

	Frequency[dB]
	L_FS[dB]
	G_TE [dB]
	L_TE [dB]

	28GHz
	57dB @ 60cm 
	15
	1.2


From equation (1) and (2), we can derive the minimum EIRP which can be measured for certain SNR_TE, NF_TE and MBW. Note that because measurement is performed for each polarization direction using the cross polarized measurement antennas, minimum measurable EIRP derived from equation (1) and (2) is that for single polarization direction. Minimum measurable EIRP should be increased by 3 dB for combined EIRP. Table 2 shows the minimum measurable EIRP assuming NF_TE = 0dB and SNR_TE = 0dB (Error=+3dB). 
Table 2. Minimum measureable EIRP assuming NF_TE = 0dB and SNR_TE = 0dB

	MBW
	28GHz

	200 MHz
	-44.8 dBm

	400 MHz
	-41.8 dBm

	800 MHz
	-38.8 dBm

	1000 MHz
	-37.8 dBm


Table 2 can also be interpreted as the EIRP levels which reaches the thermal noise level (-174dBm/Hz) at the measurement equipment. Since measurement equipment with 0dB noise figure does not exist in this world, we can say EIRP level lower than Table 2 would be unrealistic to measure in general. Also, we can say EIRP level in Table 2 is non-harmful for other systems assuming the coupling loss derived from Table 1. 
Observation 1: EIRP specified in Table 2 will fall below the minimum power level where the measurement equipment can detect with the typical test system setup. UE Tx power requirements lower than Table 2 are unrealistic to measure from the test system perspective.
The realistic measurement equipment cannot have 0dB noise figure. Also, SNR_TE need to be higher than 0dB to realize moderately low measurement error. Noise figure of 10dB and SNR of 10dB(Error=+0.4dB) would be more realistic assumption though only the high-end measurement equipment can realize NF=10dB.  Table 3 shows the minimum measurable EIRP assuming NF_TE = 10dB and SNR_TE = 10dB.
Table 3. Minimum measureable EIRP assuming NF_TE = 10dB and SNR_TE = 10dB

	MBW
	28GHz

	200 MHz
	-24.8 dBm

	400 MHz
	-21.8 dBm

	800 MHz
	-18.8 dBm

	1000 MHz
	-17.8 dBm


Observation 2: Considering the typical parameters for realistic measurement system, EIRP specified in Table3 are minimum measureable EIRP with moderately low measurement error.
EIRP level lower than those shown in Table 3 can be measured but with increased measurement error. Currently proposed requirements like -30.85dBm/200MHz in [2] and -24 dBm in conducted sense for QPSK in [3] are thought to be smaller values than those in Table 3, so bigger measurement error due to low SNR is expected. 
 Observation 3: For UE OFF power and minimum output power requirements, increasing of measurement error due to the low SNR at measurement equipment is expected.
Unlike the normal measurement uncertainty which is normally expressed as X dB, measurement error due to SNR is considered as an offset error.  This fact would leads to the needs of non-zero test tolerance to balance the probability of 2 types of misjudgements; conformant UE is judged as non-conformant and vice versa.
Considering the analysis above, we propose followings.

Proposal 1: RAN4 to take observations in this paper into consideration for determination of requirements, measurement uncertainty and test tolerance for UE OFF Power and UE minimum output power for mmWave.
Proposal 2: RAN4 to include effect of measurement error due to low SNR in the measurement uncertainty discussion for UE OFF Power and UE minimum output power requirements for mmWave.


3.
Conclusion
In this paper, we discussed the testability for low power requirements assuming the typical OTA test system setup with Far-field measurement and gave some observations. Considering the observations, we propose the followings.
Proposal 1: RAN4 to take observations in this paper into consideration for determination of requirements, measurement uncertainty and test tolerance for UE OFF Power and UE minimum output power for mmWave.

Proposal 2: RAN4 to include effect of measurement error due to low SNR in the measurement uncertainty discussion for UE OFF Power and UE minimum output power requirements for mmWave.
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