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1. Introduction

Submission R4-186577 [1] from RAN4 #89 presented the Way Forward that addressed further discussion on the FR2 Txoff measurement.  The WF identified 4 measurement options for further discussion and requested additional information about TE dynamic range.   
This submission adds further discussion for three of the proposed measurement options and discusses measurement system dynamic range concerns.  
2. Discussion

2.1 Measurement options discussion
Three statements of the measurement options from WF are presented here:
· Option A   The difference between EIRPON and TRPON is used for DOFF
· Option B   Minimum radiator gain or antenna array gain is used for DOFF
· Option C    Measure TRP (gated in the near-field)

The assumption in these options is that the Txoff and Txon/Txoff transient time would be measured using some sort of gated two-step measurement method, as is used in LTE.  This assumption is stated in R4-1812893 [2].  
Options A and B propose a method to define the directivity in the off-state Doff.  Defining this directivity would allow calculation of the TRPoff from an EIRPoff measurement.  Option C suggests measuring TRP in the near field (gating to allow measurement in Txoff slots).  All of these options require enough measurement system sensitivity to detect the available Txoff power at the measuring antenna.  

The concern is that, even when measuring in the near field, a preamplifier would be needed to measure the Txoff power density required to calculate TRPoff  and EIRPoff.  This preamplifier limits system dynamic range and could be driven into an overload condition which would prevent accurate measurement of Txoff power density.  Additionally, mmwave preamplifiers are susceptible to damage due to high input power levels.  High EIRPon power levels (currently not specified) could damage the preamplifier.  Both of these conditions would apply when making gated Txoff measurements in the presence of the gNB main beam.
2.1.1 Review of link budget analysis
To help the reader in this discussion, here is a brief summary of R4-1814888 [3], which presented a link budget analysis for making measurements in a CATR with ~ 1m quiet zone, as shown in Fig. 1.  This link budget presented an updated version of the measurement system model first discussed in R4-1812893 [4]. 
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Figure 2.1-1:  Updated OTA test system for BS type 2-O
Updates included:
· 40GHz frequency

· Measurement distance based on DUT size (versus array size)
· 2m measurement assumption based on CATR

· Typical insertion loss values for cabling, switch, limiter

· Typical sensitivity and compression values for spectrum analyzers

Power levels at the spectrum analyzer (see Table 2.1-1) were calculated assuming DUT power levels of: Txon EIRP = +50 to +75dBm/100MHz and Txoff EIRP = -40dBm/MHz (note- the Txoff value used in R4-1812893 was 4dB below the TS 38.141-2 specification of -36dBm/MHz):
Table 2.3-1: Calculated levels seen by the signal/spectrum analyzer @ 40GHz

	Period
	Power level
	Note

	ON
	-28 to -3 dBm
	Power per generated carrier

	OFF
	-118 dBm/MHz 
	Emission power spectral density


2.1.2 Options a and b discussion: sensitivity and dynamic range

Issues of concern are:
· For options A and B mentioned above, the Txoff power density level at the receive antenna would be 28dB below the typical system noise floor level of ~ -90dBm/MHz.  Preamplification would still be required to make an EIRPoff measurement.
· The -3dBm/100MHz Txon power level at the receiver was above typical broadband IF clipping levels in receivers set for maximum sensitivity.  Note that this broadband clipping level is usually not specified by receiver manufacturers. This signal level is also below the limiting and leakage power found in commercially-available transient limiting devices.
· The +14 dBm/100MHz Txon power level at the output of the OMT (where a system designer would put a preamp) is above the input power overload level for many commercial millimetre-wave preamplifiers.  In order measure the Txoff power, the amplifier needs to be operating linearly.   The time required to come out of saturation caused by the Txon power is an unspecified parameter and depends on the amplifier design and the input signal causing the compression.   
The test signal for the gated Txoff measurement has not yet been defined.  It could be possible to avoid the saturation issue by defining a test signal that had a sufficient number of slots of Txoff to allow the amplifier to come out of saturation.  Given that this time is not specified and is a function of the input signal, the design of the test signal needs further investigation.

· The +14 dBm/100MHz Txon power level at the output of the OMT power level is also above the input power damage level for some commercial amplifiers.  
2.1.3  Option c discussion:  sensitivity and dynamic range
Option C proposes measuring TRP in the near-field.  The information describing this measurement was presented in R4-1813550 [4].  Measuring in the near field does improve system sensitivity by 6dB for each halving of the measurement distance.   However, the improvement achieved in the near-field discussed in the submission associated with option C is insufficient to bring the Txoff signal level above the system noise floor calculated in section 2.1.1.  A preamplifier will still be needed to measure the Txoff signal level. 
Here are the assumptions used for this statement:  using Figure 1 from the submission associated with option C submission (R4-1813550) we can estimate a usable near-field measurement distance r~.65m (assumes a gNB of maximum dimension 1m, a measurement sphere radius (R0) of .5m and (r-R0)/λ = 20).   At this distance, improving the Txoff power density level at the measurement antenna by 20 log (2/.65) = 9.75dB.  Even in the near field, the signal level would still be ~ 18dB below the system noise floor.
Also of concern is the dynamic range required to make this measurement.  In the near field the gNB beam is not fully formed so the Txon EIRP power level is not specified.  The overload and damage concerns discussed in section 2.1.2 apply.  
3. Conclusion

When considering Options A, B or C for addressing the Txoff measurement, preamplification will be needed to provide system sensitivity.  Further work will be needed to identify a test signal that will allow a gated measurement without preamplifier saturation.
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