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1. Introduction

At the last RAN4 meeting (RAN4#88bis in Chengdu) a contribution (R4-1812893) was submitted to discuss aspects of FR2 OTA transmit ON/OFF power testing.   This contribution provides additional information about the necessary additions to the system model based on physical considerations,  identifies dynamic range and system sensitivity concerns, and suggests that other measurement models be investigated.  

2. Discussion

A model for a Tx ON/OFF OTA measurement system leveraging components from a conducted Tx ON/OFF was proposed in an earlier contribution.  This contribution addresses a measurement concern based on the performance levels of commercially-available equipment and accepted test chambers.

2.1 Background
An OTA system model that addresses the dynamic range and sensitivity issues associated with making transmit has been proposed in R4-1812893.  The model is shown here:    
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Figure 2.1-1: OTA test setup for BS type 2-O from R4-1812893
That proposal places the test object in a shielded anechoic chamber and uses two orthogonally-polarized horn antennas (p1 and p2) and a combiner to remove the need for mechanical polarization matching.  The system assumptions were:

· analysis frequency 30 GHz,

· horn antenna gain 20 dBi.  
· maximum aperture array dimension D = 0.1m.  
· measurement distance = 2m (assumed far-field, d = 2m > 2D2/λ@ 30 GHz) 

· Free-space loss = 68dB (20log(4πd/λ)) 
· Max EIRPon was ranged between 50 to 75 dBm 
· EIRPoff was given as -40dBm/MHz.  
Using this information, R4-1812893 provided the power at the spectrum analyzer listed in Table 2.1-1.   
Table 2.1-1: The levels seen by the signal/spectrum analyzer

	Period
	Power level
	Note

	ON
	2 to 27 dBm
	Power per generated carrier

	OFF
	-88 dBm/MHz 
	Emission power spectral density


2.2 System Assumption Concerns

This submission would like to offer some modifications to the model assumptions and discuss the ramifications of those modifications to the measurement.

1. Measurement Chamber – R4-1812893 assumed a far-field measurement condition.  This analysis will maintain that assumption, using either a CATR or Far-Field (FF) chamber.  
2. Radiating Aperture – CATR and FF measurement chambers utilize quiet zones that contain the entire DUT, not just the array.  This paper proposes that the model use the maximum size of the DUT for determining the far-field distance, not just the antenna array size.  For an assumed D = 1m at 30MHz, the far field distance would be 200m, and ~ 2m in a smaller CATR.  Clearly, this assumption would eliminate the possibility of making the EIRPoff measurement in a FF chamber.
3. Measurement horn antennas – while standard gain horn antennas with 20dB gain are available in the industry, CATR-based systems tend to use lower-gain horn antennas which offer a larger 3dB beamwidth to ensure capturing the radiated energy from the reflector in a shorter measurement distance.  These antennas can be circularly-polarized and use ortho-mode transducers (OMT) to collect both polarizations with the one device.  Gains can be in the 10-15dB range.  This contribution suggests that the model use 10dB gain for the measurement horn assumption.

4. Combiners – very low-loss waveguide combiners like “magic Tees” only combine properly when both arms are phase-matched.  Phase-matching antennas and waveguide lengths at mm-wave frequencies is challenging.  Coaxial resistive combiners exist but are lossy.  This submission suggests that the model assume either a resistive combiner with 3-4dB loss or a switch with 1dB loss.
5. Cabling – the model does not account for cabling losses between the antennas and the spectrum analyzer.  Assuming CATR dimensions in the range of 5m x 2m x 2m, cable or waveguide length would be on the order 3 – 5 m. Good cable has a loss of ~ 2dB/m @ 40GHz.
6. Limiters – commercially-available millimetre-wave limiters typically have 3-5 dB of loss.  If the model uses a limiter it should also take this loss into account.

7. Measurement Bandwidth Considerations – Given that the minimum FR2 channel bandwidth is 50MHz, reducing measurement bandwidth below 1 MHz really won’t provide an improvement in sensitivity.  Both the spectrum analyzer noise and the broadband signal power will be reduced by the same amount.  
8. Measurement Frequency – while calculating the system performance at 30 GHz provides an overall estimation across all FR2 operating bands, it is suggested that the system performance be estimated at 40 GHz (n260), to account for the higher radiation and component losses.
9. Commercially-available spectrum analyzers have noise floors in the -150dBm/Hz range @ 40 GHz using the available noise-reduction technologies.  Note that preamplification isn’t used to further improve the noise floor because preamplification reduces the analyzer 1dB compression levels to near or below the input power levels associated with the EIRPon levels used in this analysis.
2.3 Link Budget Analysis

Figure 2.3-1 displays an updated version of the OTA test setup, addressing the items discussed in Section 2.2.
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Figure 2.3-1: Updated OTA test setup for BS type 2-O

Incorporating the assumptions from section 2.2 into the system model and maintaining the EIRPoff and EIRPon values from R4-1812893, we have these calculated values @ 40GHz:
· Chamber loss at a 2m measurement distance is 71dBm.
· With a circularly-polarized antenna and an orthomode-transducer (OMT) with a net gain of 10dB, the EIRPon power levels range between -11dBm to +14dBm.  The EIRPoff power level is -101dBm/MHz.  

· Assuming a mechanical switch to select between the two arms of an ortho-mode transducer, total component loss between the output of the antennas is ~ 17dB @ 40 GHz  (10 dB of cable loss, 2 dB of switch loss, 5dB of RF limiter loss).
· EIRP power levels at the spectrum analyzer:

· Table 2.3-1: Recalculated levels seen by the signal/spectrum analyzer @ 40GHz

	Period
	Power level
	Note

	ON
	-28 to -3 dBm 

(~ -10dBm when using limiter)
	Power per generated carrier

	OFF
	-118 dBm/MHz 
	Emission power spectral density


· Spectrum analyzer sensitivity levels in a 1 MHz resolution bandwidth using noise-reduction technology are in the -90dBm range @ 40GHz.  
· Spectrum analyzer 1dB compression levels are in the 0dB range, requiring the limiter when testing gNB at the higher EIRPon power levels.
2.4 Measurement system design concerns
· System sensitivity is clearly an issue.  Using preamplification to improve system sensitivity is not practical, as the gain of the preamplifier will reduce overall system 1dB compression level. For example, given a 0dBm 1dB compression point (typical in spectrum analyzers at millimetre frequencies) and a 30dB gain preamplifier, the system 1dB compression at the input to the preamplifier would be -30dBm + whatever cable losses exist between the analyzer and the preamplifier.  

 Operating the system while in 1dB compression during TxON is not recommended because there wouldn’t be any guarantee that the system was linear during the TxOFF period, invalidating the TxOFF power measurements.

· The impact of the free-space loss on the system sensitivity limits the allowable size of the CATR and its’ associated quiet zone. An example of a CATR with a 1.9 m focal distance and a 10dB gain horn had a 80cm quiet zone.  Chambers with larger QZs would have even higher free-space loss.
2.5 Near-field Considerations
One method to reduce free-space loss would be to measure the emissions in the near-field.  Near-field measurements could be made in any type of chamber, including CATR and FF chambers.   Limiting factors would be:
· the radius of the DUT positioner in the chamber – the measurement antenna would need to be far enough away from the positioner arm to ensure free positioner movement.
·  the impact of the measurement antenna on quiet zone assumptions in a CATR.  An antenna positioned near the DUT in a CATR for spurious emission measurements would have to be removed when making measurements requiring far-field conditions.
Further work is needed to better understand the system sensitivity and dynamic range considerations for measurements made closer to the DUT.  

3. Conclusion

In this contribution we have presented issues associated with making over-the-air Tx ON/OFF measurements.  Using performance information from commercially-available antennas, cabling and measurement equipment, we have identified that the available system sensitivity will be insufficient to measure the required EIRPoff levels presented to the spectrum analyzer.   While external preamplification could be used to improve system sensitivity, the resulting reduction of system dynamic range (based on system noise floor and the 1dB compression point) would put the measurement receiver and possibly the preamplifier deeply in compression.  
We suggest that the group to explore near-field measurement methods when measuring low signal levels, such as TxOFF and spurious emissions.
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