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1. Introduction

In the last RAN #75 meeting, new SI on test methods for new radio has approved to define the over the air (OTA) testing methodology for UE RF, UE RRM, and UE demodulation requirements for New Radio, the associated measurement uncertainty budget(s), and the related test tolerances.  The SI objectives as below 
· In general

· Targeting frequencies above 6 GHz, work should be prioritized according to the frequency ranges that are included in the NR work item(RP-17xxxx)

· For the following device types: 

· Smart phone 

· Laptop mounted equipment (such as plug-in devices like USB dongles)

· Laptop embedded equipment 

· Tablet 

· Wearable devices  

· Vehicular mounted device 

· Fixed Wireless Access (FWA) terminal

· Fixed mounted devices (e.g. sensors, automation etc.)
· Other UE types are not precluded for discussion as a second priority.

· The development of test methodology aspects shall initially focus on the FWA, tablet, and smart phone device types
· Utilizing the free space (FS) testing configuration

· Using the UE measurement coordinate system from TR38.803 as a baseline

· Define any Test Interface (TI) aspects that are needed for certain control and measurement functions
· RAN4 to verify the alignment of the labs participating in the methodology development work in terms of test reproducibility

· For UE RF testing methodology

· Using the UE RF testability agreements from TR38.803 as a baseline

· For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode, an LTE link antenna setup is used to configure the NR link used in the NR RF measurements
· Depending on the outcome of the in-device-coexistence study, the testability aspects of NSA (LTE+mmWave) may need to be identified
· Define the measurement uncertainty budget and related test tolerances for the baseline setup in Clause 10.2.2.1 of TR38.803 and for the centre of beam measurement setup in Clause 10.2.2.2 of TR38.803

· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget

In this paper, we provide our views on the OTA test time based on LTE UE and preferred test metrics for 5G mmW UE RF requirements. 
2. Estimated OTA test time for 5G NR mmW UE 
For the non-CA LTE UE, we summary the test time by conducted test in Table 1.
Table1. Conducted test time for LTE non-CA UE 
	Test case name (36.521-1, Chap 6-7)
	Test Time

	
	Equipment A
	Equipment B
	Average

	Tx
	6.2.2 UE Maximum Output Power
	0:13:14
	0:13:41
	0:13:27

	
	6.2.5 Configured UE transmitted Output Power
	0:11:36
	0:13:15
	0:12:25

	
	6.3.2 Minimum Output Power
	0:12:07
	0:13:11
	0:12:39

	
	6.3.4.1 General ONOFF time mask
	0:13:08
	0:32:24
	0:22:46

	
	6.3.4.2.1 PRACH time mask
	0:04:11
	0:05:23
	0:04:47

	
	6.3.4.2.2 SRS time mask
	0:04:15
	0:05:37
	0:04:56

	
	6.3.5.1 Power Control Absolute power tolerance
	0:07:37
	0:06:15
	0:06:56

	
	6.3.5.2 Power Control Relative power tolerance
	0:05:23
	0:22:02
	0:13:42

	
	6.3.5.3 Aggregate power control tolerance
	0:07:55
	0:07:24
	0:07:39

	
	6.5.1 Frequency error
	0:14:25
	0:14:17
	0:14:21

	
	6.5.2.1 Error Vector magnitude
	1:34:42
	1:26:07
	1:30:24

	
	6.5.2.2 Carrier leakage
	0:19:47
	0:17:07
	0:18:27

	
	6.5.2.3 In-band emissions for non-allocated RB
	0:37:37
	0:29:22
	0:33:29

	
	6.5.2.4 EVM equalizer spectrum flatness
	0:11:58
	0:13:26
	0:12:42

	
	6.6.1 Occupied bandwidth
	0:08:17
	0:01:50
	0:05:03

	
	6.6.2.1 Spectrum Emission Mask
	0:53:47
	0:31:18
	0:42:33

	
	6.6.2.3 Adjacent Channel leakage Power Ratio
	0:42:25
	0:32:02
	0:37:14

	
	6.6.3.1 Transmitter Spurious emissions
	1:41:50
	1:33:25
	1:37:37

	
	6.6.3.2 Spurious emission band UE co-existence
	2:05:51
	1:29:31
	1:47:41

	
	6.7 Transmit intermodulation
	0:08:23
	0:05:50
	0:07:07

	Rx
	7.3 Reference sensitivity level
	0:11:25
	0:13:14
	0:12:19

	
	7.4 Maximum input level
	0:04:16
	0:04:41
	0:04:29

	
	7.5 Adjacent Channel Selectivity
	0:08:00
	0:02:44
	0:05:22

	
	7.6.1 In-band blocking
	0:10:30
	0:04:48
	0:07:39

	
	7.6.3 Narrow band blocking
	0:04:33
	0:01:45
	0:03:09

	
	7.6.2 and 7.7 Out-of-band blocking and Spurious response
	3:06:41
	3:14:04
	3:10:23

	
	7.8.1 Wide band Intermodulation
	0:07:05
	0:01:51
	0:04:28

	
	7.9 Spurious emissions
	0:13:51
	0:46:30
	0:30:11

	Total Testing Time
	14:04:49
	13:23:04
	13:43:56


The CA capable LTE UE’s test time could be increase the test time about 1.7 times approximately when LTE UE support additional one CC. Furthermore, conducted test only measured one test points during measurement time. However, the candidate OTA test for 5G mmW UE is operated with whole spherical surface for TRP test. 

For example, when we consider test range of (,(  is 30( for spherical 3D surface, the out-of-band blocking test time as TRP metric, the approximated test time is about 3 hour*(12*6) points = 216 hours. This is 9 days to complete only the OOB blocking test by TRP metric. The total test time for Tx requirements is calculated based on the each test metrics for the each RF requirement in Table 2. Also the test time for Rx requirements is analysed in Table3.
The estimated test time for Tx requirements is 20days and the Rx test time is about 10days. So total OTA test time is about 30days for 5G mmW UE based on the agreed RAN4 test metrics. Also it is hard to keep the test conditions during OTA test time e.g. UE battery life and test equipment environments.

Table 2. Estimated Tx test time
	
	RAN4 agreed test metrics in TR38.803
	Estimated test time

	TX Max power
	EIRP / Necessity of TRP considering regulation
	13 min *72 + 13min =15.8 H

	MPR
	EIRP / Necessity of TRP
	-

	A-MPR
	EIRP / Necessity of TRP
	-

	Pcmax
	EIRP / Necessity of TRP
	12 min *72 +12 min =14.6 H

	Min. Power
	EIRP / Necessity of TRP
	12 min *72+12 min =14.6 H

	TX OFF Power
	TRP
	12 min *72 =14.4 H

	ON/OFF Mask
	Beam peak/Necessity of TRP
	30 min *72+30 min =37.2 H

	Power Control
	Beam peak/Necessity of TRP
	27 min *72+27 min =32.8 H

	Frequency error
	Beam peak
	14 min.

	EVM
	Beam peak
	1.5H

	Carrier leakage
	Beam peak
	18 min.

	In-band emissions
	Beam peak
	33 min.

	Occupied BW
	TRP/Necessity of EIRP
	5 min.*72=6H

	SEM
	TRP
	42 min *72 =50.4 H

	ACLR
	TRP
	37 min *72 =44.4 H

	General SE
	TRP
	97 min *72 =116.4 H

	Additional SE
	TRP
	-

	UE to UE coexistence
	TRP
	107 min *72 =128.4 H

	TX Intermodulation
	TRP
	7 min *72 =8.4 H

	Beam Correspondence
	How to define Beam correspondence requirement
	-

	Total Tx test time
	486 H ( 20days


So RAN4 need further discussion how to reduce the test points and interpolation method to skip the some test points for TRP metrics.
Another solution is minimized TRP test metrics to reduce test time for wanted signal test requirements of 5G mmW UE, e.g) the Tx OFF power is just functional test for the turned off PA. So the test can be alternated with beam peak test.

Also, the ACS, IBB, OOBB tests in Rx requirements shall be tested by beam peak not to TRP test metrics.

Table 3. Estimated Rx test time
	
	RAN4 agreed test metrics in TR38.803
	Estimated test time

	REFSENS
	EIS / Necessity of TRS
	12 min *72 +12 min =14.6 H

	Maximum input level
	Beam peak
	4 min.

	ACS
	Beam peak / Necessity of TRS 
	5 min *72 + 5 min =6.1 H

	In-band Blocking
	Beam peak / Necessity of TRS 
	7 min *72+ 7 min =8.5 H

	Out-of-band blocking
	Beam peak / Necessity of TRS 
	3H*72 + 3H = 219H

	Narrow-band blocking
	-
	-

	Spurious response
	See Out-of-band blocking
	-

	RX intermodulation
	Beam peak
	4 min.

	Rx spurious emission
	Beam peak
	30 min

	Receiver image
	TBD
	-

	Total Rx test time
	248.8 H = 10days


Based on the above analysis, we propose as follow,

Proposal 1: To reduce the test time, detail test methodologies are studied how to reduce the test points and interpolation method. 

Proposal 2: All Tx requirements for wanted signals except maximum output power shall keep the beam peak test as test metrics. Also the ACS, IBB, OOBB tests in Rx requirements shall be defined by beam peak not to TRP test metrics.
3. Conclusions


In this contribution, we provide our views on the OTA testability to reduce the test time for 5G mmW UE. Based on the analysis in session 2, we propose as below
Proposal 1: To reduce the test time, detail test methodologies are studied how to reduce the test points and interpolation method. 

Proposal 2: All Tx requirements for wanted signals except maximum output power shall keep the beam peak test as test metrics. Also the ACS, IBB, OOBB tests in Rx requirements shall be defined by beam peak not to TRP test metrics.
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