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1. Introduction
There has been lot of discussions ongoing in RAN4 regarding 5G-NR testing. TR38.803 [1] is the working document for the study on 5G-NR RF and co-existence aspects. TR 38.810 [2] is the Study item on 5G-NR OTA test methods.

This document summarizes some of the key points that RAN5 shall consider for coming up with 5G-NR test specification.
2. Discussion

2.1. Baseline measurement setup for UE RF characteristics 
Baseline measurement setup#1: centre and off centre of beam measurement setup

The baseline measurement setup of UE RF characteristics for f > 6 GHz is capable of centre and off centre of beam measurements and is shown in Figure 10.2.2.1-1 below.
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Figure 10.2.2.1-1: Baseline measurement setup of UE RF characteristics
 

Baseline measurement setup#2: Centre of beam measurement setup

The baseline setup in figure 10.2.2.1-1 can be simplified in the following way to perform centre of the beam measurements:

-    The measurement and the link antenna can be combined so that the single antenna is used to steer the beam and to perform UE RF measurements.

This setup is not sufficient for some measurements. For eg Emissions.

The measurement setup of UE RF characteristics for f > 6 GHz capable of centre of beam measurements is shown in Figure 10.2.2.2-1 below
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Figure 10.2.2.2-1: Centre of beam measurement setup of UE RF characteristics
2.2. Test metrics for UE RF measurements in mmWave
TRP – Total Radiated Power
TRP is a measure of how much power is radiated by a radiating device. TRP is a parameter associated to an active measurement, meaning that TRP is associated to a system consisting of antenna and transmitter. The total power is calculated as the power sum over all possible angles (, ). To describe the spatial angles a Cartesian coordinate system according to Figure 10.2.2.5-1 is introduced. The  angle is defined within the interval 0<< and  angle is defined within the interval <<2. The direction (, )=(/2, 0) is the direction along the x-axis.
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Figure 10.2.2.5-1: Test object located in spherical coordinate system

TRP is defined the sum of all power radiated by a system, regardless of direction or polarization. If the radiating system were enclosed in a perfectly absorbing sphere, the TRP would be the power that would be absorbed by that sphere.

The total radiated power as function of frequency can be expressed as a double integral over ,  angles:
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where EIRPp1 and EIRPp2 is associated to two orthogonal polarizations of the radiated emission. This expression assumes knowledge about the continuous EIRP distribution for two orthogonal polarizations over the whole sphere and as function of frequency.
EIRP – Effective Isotropic Radiated Power

EIRP is the measured radiated power in a single direction (for a fixed  and Exact definition is being discussed in RAN4.
EIS – Effective Isotropic Sensitivity

EIS is the measured sensitivity in a single direction (for a fixed  and  Exact definition is being discussed in RAN4.
Beam peak – How this metric is defined and measured is being discussed in RAN4.

It’s essentially to denote where the maximum EIRP is found
Test Metrics for Tx Characteristics

	
	RAN4 agreed test metrics in TR38.803

	TX Max power
	EIRP. Necessity of TRP considering regulation

	MPR
	EIRP. Necessity of TRP is FFS

	A-MPR
	EIRP. Necessity of TRP is FFS

	Pcmax
	EIRP. Necessity of TRP is FFS

	Min. Power
	EIRP. Necessity of TRP is FFS

	TX OFF Power
	TRP

	ON/OFF Mask
	Beam peak. Necessity of TRP is FFS

	Power Control
	Beam peak. Necessity of TRP is FFS

	Frequency error
	Beam peak. Freq error similar to LTE is FFS

	EVM
	Beam peak

	Carrier leakage
	Beam peak

	In-band emissions
	Beam peak

	Occupied BW
	FFS

	SEM
	TRP

	ACLR
	TRP

	General SE
	TRP

	Additional SE
	TRP

	UE to UE coexistence
	TRP

	TX Intermodulation
	TRP

	Beam Correspondence
	How to define Beam correspondence requirement is FFS


Test Metrics for Rx Characteristics

	
	RAN4 agreed test metrics in TR38.803

	REFSENS
	EIS. Necessity of TRS is FFS

	Maximum input level
	Beam peak

	ACS
	Beam peak. Necessity of TRS is FFS

	In-band Blocking
	Beam peak. Necessity of TRS is FFS

	Out-of-band blocking
	Beam peak. Necessity of TRS is FFS

	Narrow-band blocking
	Beam peak. Necessity of TRS is FFS

	Spurious response
	See Out-of-band blocking

	RX intermodulation
	Beam peak

	Rx spurious emission
	TRP

	Receiver image
	TBD

	In-channel selectivity
	Beam peak


2.3. Placement of DUT in the measurement setup
Placement of DUT in the measurement setup can be categorized into 3 regions: Reactive near-field, Radiative near-field and Far-field. 
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Figure 10.2.2.5-2: Distance to test object

From a straight definition point of view EIRP is a parameter defined in the far-field region, which will set some requirement on the distance where EIRP is measured with known uncertainty. 
For TRP, total radiated power through the whole sphere area does not depend on the distance between the test object and the measurement antenna. This means that for TRP, the distance between the test object and measurement antenna can be considerably less than the far-field criteria for a specific frequency and test object size states.
The minimum far-field distance R for a traditional far field anechoic chamber can be calculated based on the following equation: 
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where D is the diameter of the smallest sphere that encloses the radiating parts of the DUT. The near/far field boundary for different antenna sizes and frequencies is shown in Table 10.2.2.4-1 as mentioned in [1]
Table 10.2.2.4-1: Near field/far field boundary for different frequencies and antenna sizes for a traditional far field anechoic chamber
	D(cm)
	Frequency (GHz)
	Near/far boundary (cm)
	Path Loss(dB)
	Frequency (GHz)
	Near/far boundary (cm)
	Path Loss(dB)

	5
	28
	48
	55
	100
	168
	76.9

	10
	28
	188
	66.9
	100
	668
	88.9

	15
	28
	420
	73.8
	100
	1500
	96

	20
	28
	748
	78.9
	100
	2668
	101

	25
	28
	1168
	82.7
	100
	4168
	104.8

	30
	28
	1680
	85.9
	100
	6000
	108


As can be seen in the table, the distance can be very large for larger antenna sizes and higher frequencies. This could lead to very large chambers that would be prohibitively expensive.
There are ongoing RAN4 discussions on determining testing distance.

Observation#1: RAN4 has agreed to use far-field distance as baseline.
2.4. Ways of collecting measurements
TR 38.803 has specified 3 different ways of collecting RF measurements.
· Full-sphere uniform sampling grid
· Orthogonal axis sampling grid
· Constant area sampling grid

These methods are applicable for TRP, EIRP type of measurements. Doesn’t apply for Beam Peak measurement.
There is no agreement in RAN4 yet on the preferred way of collecting RF measurements. More sampling methods can be considered. Does RAN5 group have feedback on the sampling method to use for collecting RF measurements
Observation#2: Does RAN5 group have feedback on the sampling method to use for collecting RF measurements
2.5. NR UE Test Interface functions
[1] specifies a need for a Test Interface (TI) for certain control and measurement functions. However detailed functions and implementation of the TI are TBD.

LTE analogy is placing the UE in test mode to get the desired response from the UE
One of the proposals being discussed in RAN4 is a Beam locking function for both TX and RX beams to support off center of beam RF UE OTA measurements
Observation#3: Does RAN5 group have any feedback on the Test Interface functions to be used 
2.6. Minimum test time per measurement point

RAN4 has not yet started discussion on the minimum test time per measurement point. This will have a direct impact on the total test time for each test case.
2.7. Measurement uncertainty in OTA testing

Similar to LTE, Test System uncertainty and Test Tolerance is needed to ensure accuracy and repeatability of measurements. Discussions are still ongoing in RAN4 on how to come up with measurement uncertainty in OTA testing
2.8. OTA Demod/RRM performance testing

For low frequency bands below 6GHz, the conducted testing is considered as the baseline approach for NR RRM testability.
For frequency bands above 6GHz (eg mm-wave), OTA testing is considered as the baseline approach for NR RRM testability.

The Baseline measurement setup of NR RRM characteristics are TBD at this time.

Similar to LTE there are 2 UE stated in NR defined: RRC_CONNECTED, RRC_IDLE.

A new state RRC_INACTIVE is also expected to the introduced for NR UE for which the UE and atleast on gNB should keep the AS context information.

In addition to intra-RAT mobility, inter-RAT mobility at least between standalone NR and LTE will also be supported.

2.9. Positioning of DUT 

Placement of DUT need to be defined unambiguously. 
One option is to define the orientation of DUT relative to a cartesian (XYZ) coordinate system.

The orientation of the device in three dimensional space is defined using the three Euler angles – Ψ-yaw; Θ-pitch; Φ-roll
Test conditions and angle definitions

	Test condition
	DUT
orientation
	Link
angle
	Measurement
angle
	Diagram

	Free space
	Ψ=0;
Θ=0;
Φ=0
	θLink;
φLink

with polarization reference PolLink = θ or ;
φ
	ΘMeas;
φMeas

with polarization reference 
PolMeas = θ or ;
φ
	[image: image8.emf]Z

X

Y

Roll Φ 




For spherical scan, typical setups employ either distributed or combined axes spherical measurement systems. 

In combined-axes system, in addition to the pictured theta-axis rotation, the DUT will have to be rotated about the Z-axis (phi rotation) in order to perform the full spherical scans.

An example setup is as below
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In a distributed-axes system, the phi and theta angles are traversed separately by the distributed positioners in the chamber. An example setup is as below

[image: image10.png]FIGURE A-26 TYPICAL SETUP FOR A DISTRIBUTED-AXES SYSTEM
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3. Conclusion
Observation#1: RAN4 has agreed to use far-field distance as baseline.
Observation#2: Does RAN5 group have feedback on the sampling method to use for collecting RF measurements
Observation#3: Does RAN5 group have any feedback on the Test Interface functions to be used 
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