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1.
Introduction

We summarize remaining testability issues for mmWave UE RF test cases which were identified as of RAN4 #85 meeting in Reno.


2. 
Identified testability issues 
Following items were identified as remaining testability issues or open issues during discussions of RF requirements for mmWave UE. Items which RAN4 has already liaised to RAN5 by LS [1] are marked at the column “LS”.
 We also need to consider a responsible WG (RAN4 or 5) to work on these items. 
2.1)
Tx/Rx Spurious emission

	
	Testability issues / Open issues
	Possible solution
	LS

	2.1-1
	Measurement distance (caused by 2limit) at frequency range below 1GHz [2]
	Substitute the existing EMC test at least below 1GHz range for general spurious test can be considered.
	X

	2.1-2
	Measurement distance at frequency range above 28GHz
	Radiative near field measurement needs to be studied. 
	X

	2.1-3
	Replacement of test antennas based on frequency range 
	FFS
	

	2.1-4
	Very long test time for TRP measurement [3]
	FFS
Measurement with larger BW than 1MHz needs to be studied.
	X

	2.1-5
	There is a concern of low SNR caused by high path loss at Rx measurement.
Refer to Appendix A in this paper for supplemental explanation.
	Radiative near field measurement needs to be studied, or an additional measurement uncertainty value depending on the SNR should be studied.
	

	2.1-6
	Still open whether OTA test is necessary for sub - 6GHz UE as the co-existence evaluation.
	FFS
	


2.2)
Far field distance (Range length) determination
	
	Testability issues / Open issues
	Possible solution
	LS

	2.2-1
	It is not clear whether a use case of coherent UL-MIMO is in a scope of mmWave UE in Rel-16.
	Information from UE vendor / chipset vendor / operator is necessary.
	

	2.2-2
	It is not clear whether a sparse antenna will be introduced in the mmWave UE in Rel-15 and 16 timeframe. 
	Information from UE vendor is necessary.
	


2.3)
Minimum Output Power / Transmit Off power

	
	Testability issues / Open issues
	Possible solution
	LS

	2.3-1
	Concern of dynamic range of test equipment caused by high path loss [4][5]
	Additional measurement uncertainty value depending on the SNR should be studied.
Radiative near field measurement needs to be studied for Transmit OFF Power test.
	X


2.4)
Error Vector Magnitude

	
	Testability issues / Open issues
	Possible solution
	LS

	2.4-1
	Concern of dynamic range of test equipment caused by high path loss [5]
	Additional measurement uncertainty value depending on the SNR should be studied.

Radiative near field measurement needs to be studied.
	X


2.5)
Adjacent Channel Leakage Ratio

	
	Testability issues / Open issues
	Possible solution
	LS

	2.5-1
	Measurement distance at frequency range above 28GHz
	Radiative near field measurement needs to be studied. 
	

	2.5-2
	Test time
	FFS
	


2.6)
Spectrum Emission Mask

	
	Testability issues / Open issues
	Possible solution
	LS

	2.6-1
	Measurement distance at frequency range above 28GHz
	Radiative near field measurement needs to be studied. 
	

	2.6-2
	Test time
	FFS
	


2.7)
Occupied Bandwidth

	
	Testability issues / Open issues
	Possible solution
	LS

	2.7-1
	Measurement distance at frequency range above 28GHz
	Radiative near field measurement needs to be studied. 
	

	2.7-2
	Test time
	FFS
	


2.8)
Maximum output power

	
	Testability issues / Open issues
	Possible solution
	LS

	2.8-1
	Number of test points / resolution for CDF
	FFS
	

	2.8-2
	It is unlikely that definition of peak EIRP is common in the group
	Need to create a consensus.
Assume a point as peak where:
Opt 1) maximum EIRP is obtained by CDF. 
Opt 2) exact peak which can be found with a declaration of peak beam direction by UE vendor.
Opt 3) exact peak which can be found by a precisive search 
	

	2.8-3
	Test time
	FFS
	


2.9)
Reference sensitivity power level

	
	Testability issues / Open issues
	Possible solution
	LS

	2.9-1
	Peak Gain Direction is not decided from options yet. [6][7]
	FFS
	


2.10)
In-band blocking

	
	Testability issues / Open issues
	Possible solution
	LS

	2.10-1
	There is a concern of feasibility to deliver an interferer signal with required power level depending on the measurement distance and the TE performance.
Refer to appendix B for supplemental explanation.
	Additional amplifier unit may be needed.

Study the measurement in radiative NF. (*1)
	


Note 1 :  In the Rx test case, we assume that there is a chance that we carry out the measurement at the radiative near field range even the metric is EIS case as long as the power level at the DUT point is correctly calibrated and some uncertainty values are considered.
2.11)
Adjacent Channel Selectivity 

	
	Testability issues / Open issues
	Possible solution
	LS

	2.11-1
	There is a concern of feasibility to deliver an interferer signal with required power level depending on the measurement distance and the TE performance.
Refer to appendix C for supplemental explanation.
	Additional amplifier unit may be needed.
Study the measurement in radiative NF.
	


2.12)
Out-of-band blocking

	
	Testability issues / Open issues
	Possible solution
	LS

	2.12-1
	Antenna placement of wanted and blocker signals to cover wide frequency ranges [8]
	Add an extra test tolerance to the test requirements in RAN5.
	

	2.12-2
	There is a concern of feasibility to deliver an interferer signal with required power level depending on the far field distance and the TE performance..
	Additional amplifier unit may be needed.
Study the measurement in radiative NF.
	


2.13) Maximum input level
	
	Testability issues / Open issues
	Possible solution
	LS

	2.13-1
	There is a concern of feasibility to deliver an input power with required power level depending on the far field distance and the TE performance.
Refer to appendix C for supplemental explanation.
	Study the measurement in radiative NF.
	


2.14)
Extreme condition

	
	Testability issues / Open issues
	Possible solution
	LS

	2.14-1
	Temperature range: -10 to +55℃

There is a concern of feasibility to establish a setup of temperature control without adding an extra measurement uncertainty. 
	Opt 1) Limit only to a few functionality tests.
Opt 2) Omit tests with extreme conditions.

	

	2.14-2
	Power voltage control 

Impossible to control the power voltage if a power cable cannot be connected to DUT during the test.
	Opt 1) Limit only to a few functionality tests with a power cable connected.
Opt 2) Omit tests if a power cable cannot be connected.
	


2.15)
Measurement Uncertainty

	
	Testability issues / Open issues
	Possible solution
	LS

	2.15-1
	Optimization is required with the current MU values for both EIRP and TRP ([6.76dB/6.01])
	FFS
	

	2.15-2
	Applicability of MU uncertainty for D=5cm is unclear. [9]
	Clarify the applicability issue by concluding the remaining following issues :

· How to treat D when UL MIMO  is used

· How to treat D when Rx Diversity is used

· How to treat D for the UE using sparse antenna array
	

	2-15-3
	Plan for activities to derive MU values for other test cases is not decided. 

The responsible WG is not clear, RAN4 or 5 afterwards.
	Discuss and make a plan during January adhoc meeting.
Send the LS to RAN5 if needed.
	


2.16)
UE-to-UE co-existence

	
	Testability issues / Open issues
	Possible solution
	LS

	2.16-1
	For aggressor NR UE at FR2, although expected not to impact to victim UE at FR1, how to verify the core spec is FFS.
	FFS
	X




3.
Conclusion
 We summarized remaining testability issues for mmWave UE RF test cases. Interested companies are encouraged to bring the proposal for these issues to complete test requirements of RAN5 in Release 15 timeframe.
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Appendix A
Supplemental information of the testability issue 2.1-5) Concern of low SNR caused by high path loss at Rx spurious measurement.
	Frequency
	Wavelength
	Meas.
Distance
	UE output
	Free space path loss
	Test Antenna
Gain
	Antenna Output
	Thermal noise
	S/N

	[MHz]
	[m]
	[m]
	[dBm/MHz]
	[dB]
	[dBi]
	[dBm]
	[dBm/MHz]
	[dB]

	59,000 
	0.005 
	0.300 
	-47.000 
	57.40 
	15
	-89.401 
	-114
	24.599 

	87,000 
	0.003 
	0.300 
	-47.000 
	60.77 
	15
	-92.775 
	-114
	21.225 

	59,000 
	0.005 
	1.000 
	-47.000 
	67.86 
	15
	-99.859 
	-114
	14.141 

	87,000 
	0.003 
	1.000 
	-47.000 
	71.23 
	15
	-103.232 
	-114
	10.768 

	59,000 
	0.005 
	2.000 
	-47.000 
	73.88 
	15
	-105.879 
	-114
	8.121 

	87,000 
	0.003 
	2.000 
	-47.000 
	77.25 
	15
	-109.253 
	-114
	4.747 


Appendix B
Supplemental information of the testability issue 2.10-1) In-band blocking
PInterferer for band n257 and n258 : REFSENS + 42 dBm. 

REFSENS : -85.4 dBm (50 MHz) 
REFSENS : -76.4 dBm (400 MHz)
Free space path loss : 20 * log (4R/) 
Case 1 -  Measurement distance = 0.73 m ,  = 43.5 GHz (case for D = 5cm)
PInterferer = -85.4 + 42 = -43.4 dBm @ 50 MHz

PInterferer = -76.4 + 42 = -34.4 dBm @ 400 MHz

Free space path loss = 62.43 dB 
Then a required output power of interferer from the test antenna would be as follows.
50 MHz Channel BW

-43.4 dBm + 62.43 dB = + 19.03 dBm
400 MHz Channel BW
-34.4 dBm + 62.43 dB = +28.03 dBm 

In this case it is somehow feasible for a test equipment to output this level with a combination of measurement antenna and an amplifier unit.

Case 2 - Measurement distance = 2.9 m,  = 43.5 GHz (case for D = 10 cm)
Free space path loss = 74.47 dB
A required output power of interferer from the test antenna.

50 MHz CBW

-43.4 dBm + 74.47 dB = +31.07 dBm (Somehow feasible for a test equipment to output.)
400 MHz CBW

-34.4 dBm + 74.47 dB = +40.07 dBm ( Radiative near field measurement needs to be studied.)

Appendix C
Supplemental information of the testability issue 2.11-1) Adjacent Channel Selectivity and 2.13-1) Maximum input level. 

In the current TS38.101-2, minimum requirements of ACS (case 2) and maximum input level are as follows.

Pinteferer for ACS (case 2) : -25 dBm

Input level for Maxium input level : -25 dBm

In our current study, there is a limit of achievable output power from test equipment / amplifier unit up to +20 dBm. (Without a gain of a test antenna.) This performance is limited by an availability of components in the market.
Suppose we can use +15dBi test antenna, maximum output power at the antenna side is +35 dBm. 
Considering a path loss 62.43 dB in the case D = 5cm, input power level at the DUT point is +35 – 62.43 = -27.43 dBm.

Therefore even with the case D = 5cm, we cannot deliver an input power with a required level and we need to study an applicability of radiated near field measurement approach.
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