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1.
Introduction

As introduced previously in [1], it is expected that one of the test cases which has the longest test time is general spurious emission since the metric is specified as TRP by OTA measurement at Range 2 [>13 GHz] in TR 38.803 [2]. We introduce our estimation of the test time based on one condition, and also introduce our views on some conditions to decide it.


2. Discussion
2.1 Test conditions and flow of general spurious emission for mmWave range
Considering the existing LTE requirements of general spurious emission, a currently expected NR frequency band (40 GHz max.), and agreed condition that upper frequency limits should be specified as 2nd harmonics of the upper edge of the UL operating band, a relation between measurement frequency range and measurement bandwidth (MBW) for mmWave UE is as follows.  
Table 1: Example of test conditions of general spurious emission for mmWave UE
	Frequency range
	MBW

	30 MHz <= f < 1000 MHz
	100 kHz step

	1 GHz <= f <= 80 GHz
	1 MHz step


In addition to conditions above, when we consider a test metric as TRP and temporarily set test points as 15 degrees grid spacing on a whole sphere, test flow can be described as follows. However to simplify an estimation of the test time, we set some additional conditions.

· Test setup follows the baseline measurement setup described in TR 38.803.
· Uplink beam steering direction from UE is limited only to 1 direction.

· Polarization (Horizontal or Vertical) is limited only to 1 direction.

· Measurement distance complies with the far field condition.
· Following time is not included in our calculation.

· Time for a calibration (stage 1) before a measurement
· Time to change multiple measurement antennas

· Time to move a positioner to each test point

· Time to change a setup of spectrum analyzer
Test flow of general spurious emission 
1. Set a measurement antenna at the first position (out of 266 test points) on a sphere for TRP measurement. 
2. Sweep from 30 MHz to 80 GHz by a spectrum analyzer with MBW step.
3. Record all the data for every MBW and the antenna position.
4. Move the measurement antenna to a next test point.
5. Repeat test flow 2 to 4 for all 266 points. 
6. For all data measured at 266 points, integrate them by each frequency step divided by MBW and calculate TRP for each frequency step.
7. Judge pass / fail based on the requirements defined per frequency ranges.
2.2 Total test time of general spurious emission
Total test time from the flow above can be calculated as follows. Note the sampling time for each MBW is here assumed to be 10 ms since NR signal is transmitted by TDD and we may have to wait for 10 ms until UL signal is transmitted somewhere in a frame.
Table 2: Estimation of test time for general spurious emission

	Start frequency 
	End frequency
	Test step
	MBW

	30000
	kHz 
	1000000
	kHz
	9699
	100 kHz

	1000
	MHz 
	80000
	MHz
	78999
	1 MHz

	
	
	
	
	
	

	
	
	
	Total
	88698
	Step

	
	
	
	
	
	

	
	
	
	Test period per MBW
	10
	ms

	
	
	
	Average
	1
	times

	
	
	
	Test grid over a whole sphere
	15
	degrees

	
	
	
	Test point over a whole sphere
	266
	points

	
	
	
	Polarization
	1
	direction

	
	
	
	
	
	

	
	
	
	Test time
	235937
	sec

	
	
	
	
	3932
	min

	
	
	
	
	65.5
	hour

	
	
	
	
	2.7
	day


Since this result is derived from one of example conditions, test time changes depending on the conditions which are not decided yet. For example we need further study on a number of test points over a whole sphere, MBW, and a question if we need to test all beam forming settings or not, etc. 
2.3 Conditions need for further study to decide appropriate test procedure and test time
Following objects can be introduced as factors to decide the test time with a realistic and an appropriate level.

a) Number of test points we should set on a whole sphere 
Since we have not discussed about a number of test points in a case of unwanted emission test, there is no guidance to decide it.  But as one of an idea to reduce test time of TRP measurement, there was a contribution to reduce test points depending on the beam width from DUT. [3]
It might be possible that we also consider about the previous proposal from Intel [4] that we set 2 requirements with a stringent requirement and a normal one to reduce the test time.
b) Possibility of wider measurement bandwidth in range 2.
We need a study of backgrounds why current measurement bandwidths were decided. Same as a) this can also be an object to consider the proposal from Intel.
c) Possibility to test only a beam steering direction where EIRP becomes maximum with CDF measurement.
      Otherwise we might need to test all UL beam forming settings which UE can steer. [5]
d) Feasibility of using a reverberation chamber at a certain frequency range e.g. above 1 GHz.
If it is feasible, then we do not need to measure TRP at multiple test points. 
e) Possibility to omit lower frequency range. For example from 30MHz to 1GHz by substituting the EMC test for a test of those ranges.
Considering the fact that the legacy LTE test is carried out by the conducted test where a cable is connected at an antenna port, it can be said that only spurious emissions from Tx or Rx antenna-modules are measured by the current general spurious emission test. Because the size of a Tx or Rx antenna-modules in a DUT are likely to be small, such an antenna module itself would not be a main source of spurious emissions in lower frequency range, such as 30MHz to 1GHz. Therefore it might be possible that emission test in a lower frequency range can be substituted by the EMC test. 
Proposal 1: RAN4 study above conditions further to decide requirements of general spurious emission for range 2 UE.



3.
Conclusion
We showed our result of estimation on test time of general spurious emission at range 2 with simplified test conditions.
Further studies are needed on some conditions to decide requirements with a realistic and an appropriate level.
Proposal 1: RAN4 study conditions in section 2.3 further to decide requirements of general spurious emission for range 2 UE.
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5. Appendix
	General Tx spurious emission test time (Note 1)
	
	
	
	
	
	
	

	　
	Legacy LTE
	NR OTA(1)
	NR OTA (2)
	NR OTA (3)
	NR OTA (4)
	NR OTA (5)
	NR OTA (6)
	

	Measurement BandWidth 1 (MHz)
	0.001
	　
	　
	　
	　
	　
	　
	

	Measurement BandWidth 2 (MHz)
	0.01
	　
	　
	　
	　
	　
	　
	

	Measurement BandWidth 3 (MHz)
	0.1
	0.1
	0.1
	　
	0.1
	0.1
	　
	

	Measurement BandWidth 4 (MHz)
	1
	1
	1
	1
	1
	1
	1
	

	Measurement BandWidth 5 (MHz)
	　
	　
	10
	　
	　
	10
	10
	

	Start frequency with MBW (1) (MHz)
	0.009
	　
	　
	　
	　
	　
	　
	

	Stop frequency with MBW (1) (MHz)
	0.15
	　
	　
	　
	　
	　
	　
	

	Start frequency with MBW (2) (MHz)
	0.15
	　
	　
	　
	　
	　
	　
	

	Stop frequency with MBW (2) (MHz)
	30
	　
	　
	　
	　
	　
	　
	

	Start frequency with MBW (3) (MHz)
	30
	30
	30
	0
	30
	0
	0
	

	Stop frequency with MBW (3) (MHz)
	1000
	1000
	1000
	0
	1000
	0
	0
	

	Start frequency with MBW (4) (MHz)
	1000
	1000
	1000
	1000
	1000
	1000
	1000
	

	Stop frequency with MBW (4) (MHz)
	26000
	80000
	10000
	80000
	80000
	10000
	10000
	

	Start frequency with MBW (5) (MHz)
	　
	　
	10000
	　
	　
	10000
	10000
	

	Stop frequency with MBW (5) (MHz)
	　
	　
	80000
	　
	　
	80000
	80000
	

	Test steps with MBW (1)
	　
	　
	　
	　
	　
	　
	　
	

	Test steps with MBW (2)
	　
	　
	　
	　
	　
	　
	　
	

	Test steps with MBW (3)
	　
	9699
	9699
	　
	9699
	　
	　
	

	Test steps with MBW (4)
	　
	78999
	8999
	78999
	78999
	8999
	8999
	

	Test steps with MBW (5)
	　
	　
	6999
	　
	　
	6999
	6999
	

	Total (Steps)
	　
	88698
	25697
	78999
	88698
	15998
	15998
	

	　
	　
	　
	　
	　
	　
	　
	　
	

	Test period per MBW (ms)
	　
	10
	10
	10
	10
	10
	10
	

	Average (times)
	　
	1
	1
	1
	1
	1
	1
	

	Test grid over a whole sphere (deg.)
	　
	15
	15
	15
	30
	30
	30
	

	Test point over a whole sphere (points)
	　
	266
	266
	266
	62
	62
	62
	

	Beam forming (direction)
	　
	1
	1
	1
	1
	1
	48
	

	Test time (s)
	　
	235937
	68354
	210137
	54993
	9919
	476100
	

	(min)
	　
	3932
	1139
	3502
	917
	165
	7935
	

	(h)
	1.6
	65.5
	19.0
	58.4
	15.3
	2.8
	132.3
	

	(day)
	　
	2.7
	0.8
	2.4
	0.6
	0.1
	5.5
	

	　
	Legacy LTE
(Conducted test)
	Condition (1)
Base condition
	Condition (2)
10MHz MBW
(@10 - 80G)
with Condition (1)
	Condition (3)
Limit freq. range from 1GHz with Condition (1)
	Condition (4)
Grid space 30 deg with condition (1)
	Condition (5)
Condition (2) + (3) + (4)
	Condition (6)
Beam forming direction = 48 with Condition (2) to (4)
	

	Note 1: To simplify the calculation, following time is not included in the consideration yet. Time to change measurement antennas / Time for a calibration /
	

	Time to move to each test point / Time to change measurement conditions in spectrum analyzer.
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