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1.
Introduction
This paper gives a consideration for the mmWave TRx test procedure.
2.
Discussion
For mmWave OTA TRx tests, following will be the expected rough structure of the test procedure.
EIRP CDF tests(Maximum Output Power Test) :

1. Measure the EIRP for all the sphere without fixing the beam
2. Make CDF graph and derive X percentile value(s)
EIRP tests (not CDF) :
1. Determine the link direction(in other words, Angular relation of the UE and the NR link antenna)

2. Measure the EIRP for that direction
TRP tests :

1. Determine the link direction( in other words, Angular relation of the UE and the NR link antenna)
2. Fix the beam

3. Measure the TRP value by rotating the UE
EIS CDF tests(Reference Sensitivity Test) :

1. Measure the EIS for all the sphere without fixing the beam

2. Make CDF graph and derive X percentile value(s)
EIS tests(not CDF, including blocking tests ) :

1. Determine the link direction (in other words, Angular relation of the UE and the NR link antenna)

2. Measure the EIS for that direction

Other tests where “Beam peak” is used as a metric in 38.803
1. Determine the link direction(in other words, Angular relation of the UE and the NR link antenna)

2. Measure the appropriate quantity( power/signal quality/etc… ) for that direction, or search the true peak direction(up to RAN4 for decision)
As highlighted in yellow above, other than EIRP CDF or EIS CDF tests, the first step required is to determine the link direction of the UE, in other words the angular relation of UE and NR link antenna. 
Though it is not yet fully concluded in RAN4 with which link direction each measurement should be conducted, there would be possibility that the each link direction can be determined from EIRP CDF(Maximum Output Power) or EIS CDF(Reference Sensitivity) tests.
Assumed link direction configuration for each test is listed in the Table 1. Note that the word “metric” in the 38.803 seems to be slightly confusable, because some indicates the measured quantity (EIRP, TRP), while others indicates the direction ( Beam peak ). Then, in [3], the following expression is proposed to eliminate the ambiguity and endorsed in RAN4. 

Quantity (Link=X, Meas=Y): measurement of the Quantity of the UE such that the link angle is X and measurement angle is Y
The last column in the Table 1 shows the assumed metric using the proposed expression though they are not fully fixed in RAN4.
Table 1 Link Direction and Metric for each TRx tests
	Category
	Title
	Metric
(Range 2 / OTA)
( 38.803 )
	Assumed Link Direction
	Assumed Metric

(Using expression in R4-1714018)

	TX
	Transmitter Maximum Output Power
	EIRP CDF
	All sphere
	EIRP (Link=Girds over all sphere, Meas=Link angle)

	
	
	TRP
	TRP : 100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Maximum Power Reduction (MPR)
	EIRP
	100%-tile EIRP CDF
	EIRP(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Additional Maximum Power Reduction (A-MPR)
	EIRP
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Configured transmitted Output Power
	EIRP
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Minimum Output Power
	EIRP
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Transmit OFF power
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	ON/OFF time mask
	Beam peak
	100%-tile EIRP CDF
	EIRP(?) (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Power Control tolerance
(Absolute)
	Beam peak
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Power Control tolerance
(Relative)
	Beam peak
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Power Control tolerance
(Aggregated)
	Beam peak
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Frequency error
	Beam peak
	100%-tile EIRP CDF
	Frequency(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Error Vector Magnitude (EVM)
	Beam peak
	100%-tile EIRP CDF
	EVM(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Error Vector Magnitude (EVM) - Spectrum Flatness
	Beam peak
	100%-tile EIRP CDF
	EVM SF(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Carrier leakage
	Beam peak
	100%-tile EIRP CDF
	Carrier Leakage(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	In-band emissions ( non allocated RB )
	Beam peak
	100%-tile EIRP CDF
	In-band emission(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Occupied bandwidth
	TRP
	100%-tile EIRP CDF
	Occupied BW(TRP) (Link=100%-tile EIRP CDF)

	TX
	Spectrum Emission Mask
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Adjacent Channel Leakage power Ratio
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	General Spurious emissions
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Spurious emission UE-to-UE coexistence
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Additional spurious emissions
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Transmit intermodulation
(Determined not to test in mmWave R4-1711574.)
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Beam correspondence
	[TBD]
	　[TBD]
	[TBD]

	RX
	Reference sensitivity level
	EIS CDF
	All Sphere
	EIS(Link= Girds over all sphere, Meas=Link Angle)

	RX
	Maximum input level
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Adjacent Channel Selectivity (ACS)
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	In-band blocking
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Out-of-band blocking and Spurious response
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Narrow band blocking
(Determined not to test in mmWave R4-1711574.)
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Reciever intermodulation
(Determined not to test in mmWave R4-1711574.)
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Reciever Spurious emissions
	TRP
	100%-tile EIRP CDF
	TRP(Link=100%-tile EIRP CDF, Meas=Link Angle)

	RX
	Reciever image
	[TBD]
	　[TBD]
	[TBD]

	RX
	In-channel selectivity
	[TBD]
	　[TBD]
	[TBD]


Since finding the appropriate link direction according to specific criteria( e.g. max EIRP, max sensitivity, etc…) requires the measurement of all of the sphere, do it in every test cases will require much test time. Reusing the already measured beam information in maximum output power or reference sensitivity tests for determining the link direction in other tests would be beneficial to shorten the total test time dramatically.
Observation 1) Reusing the measured EIRP CDF(Maximum Output Power Test) or EIS CDF(Reference Sensitivity Test) for determination of the link direction for other test cases can be beneficial to reduce the test time.
Note that the conducted tests at FR1 are carried out on all the TRx ports of the UE. For radiated tests, if we cover the equivalent coverage as FR1/LTE, FR2 test will be necessary to ensure each panel is evaluated for conformance requirements for UEs that integrate more than one FR2 antenna.  The big significant drawback to testing multiple panels is that adopting requirements to test multiple panels will result in a significant test time increase for FR2 RF conformance and thus this topic requires careful discussion. Test coverage could be accomplished through different approaches such as by measuring all RF parameters in enough directions to ensure all panels are covered, or, by declaration, measure in the peak direction for each panel.  It also needs to be considered that additional panel testing could be avoided depending on the differences between the design’s antenna panels (e.g. no testing if antennas are the same).  This topic requires further analysis.
If additional panel testing is required, however, not all requirements would have to be measured per panel. E.g. Frequency error is not likely to vary by panel but other requirements such as ACLR and EVM potentially vary by panel depending on the design differences. For this reason, the Table 1 includes those requirements that should be validated per panel and those that can be sufficiently covered by measurement only in one direction. For which tests should be done per panel, or not, needs to be clarified in RAN4.  RAN4 should also consider that test results for a single panel may be representative of panels of exact or similar design.
Observation 2) Which requirements might be validated on only one panel and which need all panels should be determined considering the trade-off with increasing test time.
To finalize the test specification, metric of each test and also the which requirements might be validated on only one panel and which need all panels should to be clarified.
Proposal 1) Request RAN4 to review the assumed metric(right most column) in Table 1 
Proposal 2) For devices that utilize more than one antenna panel, RAN4 provide guiadance if test is required on additional antenna panels in addition to the panel evaluated form the maximum EIRP direction identified in the CDF test (aka Proposal #1)



3.
Conclusion


Observation 1) Reusing the measured EIRP CDF(Maximum Output Power Test) or EIS CDF(Reference Sensitivity Test) for determination of the link direction for other test cases can be beneficial to reduce the test time.
Observation 2) Which requirements might be validated on only one panel and which need all panels should be determined considering the trade-off with increasing test time.
RAN5 is asked to endorse followings:
Proposal 1) Request RAN4 to review the assumed metric(right most column) in Table 1
Proposal 2) For devices that utilize more than one antenna panel, RAN4 provide guiadance if test is required on additional antenna panels in addition to the panel evaluated form the maximum EIRP direction identified in the CDF test (aka Proposal #1)
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