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Introduction

The attached TP Introduces the Reverberation Chamber as an Alternate Test method for TR 38.810.

It provides:

· Description

· Applicability to RF Requirements

· Test Setup and Procedure

· Calibration Procedure

· Measurement Uncertainty and Definitions

· Test Zone Validation Procedure

<unchanged content deleted>

5.2
Permitted test methods
A permitted test method meets the equivalence criteria to the far field environment by having an MU less than or equal to the threshold MU for at least one test case. The applicability of methods is in subclause 5.3.
5.2.1
Direct far field (DFF)
5.2.1.1
Description

The DFF 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 5.2.1.1-1 below.
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Figure 5.2.1.1-1: DFF measurement setup of UE RF characteristics
The key aspects of the DFF setup are:

-
Far-field measurement system in an anechoic chamber

-
The criterion for determining the far-field distance is described in 5.2.1.3

-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference

-
A positioning system such that the angle between the link antenna and the DUT has at least two axes of freedom and maintains a polarization reference; this positioning system for the link antenna is in addition to the positioning system for the measurement antenna and provides for an angular relationship independently controllable from the measurement antenna

-
For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT

-
The LTE link antenna provides a stable LTE signal without precise path loss or polarization control

The applicability criteria of the DFF setup are:

-
The DUT radiating aperture is D ≤ 5 cm

-
Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested
-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array
-
D is based on the MU assessment in Annex B.1.1.3
-
The measurement distance larger than the far-field criteria defined in section 5.2.1.3 is not precluded
-
If the uncertainties can be further optimized, the MU may be reduced or D may be increased
-
A manufacturer declaration on the following elements is needed:

-
Manufacturer declares antenna array size

-
EIRP, TRP, EIS, EVM, spurious emissions and blocking metrics can be tested.
5.2.1.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>
5.2.1.3
Far-field criteria

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 5.2.1.3-1.

Table 5.2.1.3-1: 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.

Generally, the exact antenna size of the DUT is unknown since the device will be in its own casing during the test and this also depends on other factors such as ground coupling effects that depend on the design. The largest device size (e.g. diagonal) could be used; however, this would lead to very large chambers even for relatively small devices. A practical way to determine the far field distance is needed.

It has been proposed to determine the testing distance based on a manufacturer declaration. One of the risks of this approach is that a distance shorter than the actual far field is chose. It should be further studied whether this could lead to underperforming devices passing the tests due to measurement inaccuracies (e.g. whether a shorter distance will lead to better measurement results than the actual far field distance).

Additionally, an experimental method was proposed to determine the far field distance based on path loss measurements. This method is based on the fact that the path loss exponent is different in the near field and the far field. By measuring the path loss gradient over a certain distance, the near/far field boundary could be found. The results of an experiment conducted on a Band 3 LTE device are shown in Figure 5.2.1.3-1. The minimum far field distance can be found at the regression intercept point.

[image: image3.emf]
Figure 5.2.1.3-1: LTE UE FDD band 3 measurements to determine the minimum far-field distance
The figure shows an example result for the case where the frequency is 1.85 GHz. The approximate device dimensions were 13 x 8 cm.  Under these conditions, the canonical minimum far-field distance would be 28.7 cm.  According to this method, the minimum measurement distance would be 13.8 cm.  Further work is required to determine whether this technique provides valid results for much higher frequencies and general device types.

Methods to reduce measurement distance for AAS BS are Compact Antenna Test Range, One Dimensional Compact Range, and Near Field Test Range which are all listed in TR 37.842 [9]. These may be used for NR provided they meet the equivalence criteria relative to the baseline measurement setup. Other methods are not precluded.
5.2.1.4
Testing and calibration aspects

Calibration Measurement Procedure:

The calibration measurement is done by using a calibration antenna with known gain values. For the calibration measurement, the reference antenna is placed in the centre of the quiet zone.  If an antenna with moving phase centre is used, a multi-segmented approach could be chosen where for multiple frequency segments the respective phase centre of the calibration antenna is placed in the centre of quiet zone. The calibration process determines the composite loss, Lpath,pol, of the entire transmission and receiver chain path gains (measurement antenna, amplification) and losses (switches, combiners, cables, path loss, etc.). The calibration measurement is repeated for each measurement path (two orthogonal polarizations and each signal path). Additional details of the calibration procedure are outlined in [13].

EIRP Measurement Procedure:

The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid that is TBD. The TX beam peak direction is where the maximum total component of EIRP is found.
1)
Connect the SS (System Simulator) with the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the previously determined TX beam peak direction and respective polarization.
2)
Lock the beam toward that direction for the entire duration of the test.
3)
Measure the mean power (Pmeas, θ) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
4)
Calculate EIRPθ by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas,θ 
5)
Measure the mean power (Pmeas,φ) of the modulated signal arriving at the power measurement equipment.

6)
Calculate EIRPφ by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ, and frequency to the measured power Pmeas,φ
7)
Calculate total EIRP = EIRPθ + EIRPφ
TRP Measurement Procedure:

1)
Connect the SS with the DUT through the measurement antenna with desired polarization reference PolMeas to form the TX beam towards the desired TX beam direction and respective polarization. 

2)
Lock the beam toward that direction and polarization for the entire duration of the test. 

3)
For each measurement point on the TBD grid, measure Pmeas,θ and Pmeas,φ. The angle between the measurement antenna and the DUT (θMeas, φMeas) is achieved by rotating the measurement antenna and the DUT (based on system architecture). 

4)
Calculate EIRPθ (EIRPφ) by adding the composite loss of the entire transmission path for utilized signal paths, LEIRP,θ, (LEIRP,φ) and frequency to the measured powers Pmeas,θ (Pmeas,φ)
5)
The TRP value for the uniform measurement grid is calculated using
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Where N is the number of angular intervals in the nominal theta range from 0 to π and M is the number of angular intervals in the nominal phi range from 0 to 2π.
The TRP values for the constant density grids are calculated using:
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 is the number of measurement points.
EIS Measurement Procedure:

The RX beam peak direction is found with a 3D RSRP scan (separately for each orthogonal polarization) with a grid that is TBD. The RX beam peak direction is where the maximum total component of RSRP is found.
1)
Establish a connection between the DUT and the SS with the downlink signal applied to the θ-polarization of the measurement antenna 

2)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

3)
Determine EISθ for θ-polarization, i.e., the power level for the θ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

4)
Switch the downlink to the φ-polarization of the measurement antenna

5)
Determine EISφ for φ-polarization, i.e., the power level for the φ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

6)
Calculate the resulting EIS for the total component 

EIS = [1/EISθ +1/EISφ]-1
5.2.2
Direct far field (DFF) setup simplification for centre of beam measurements
5.2.2.1
Description

The DFF setup in 5.2.1 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.

The measurement setup of UE RF characteristics for f > 6 GHz capable of centre of beam measurements and is shown in Figure 5.2.1.1-1 below.
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Figure 5.2.2.1-1: Centre of beam measurement setup of UE RF characteristics
The applicability criteria of the simplified DFF setup for centre of beam measurements are defined in 5.2.1.1.
5.2.2.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>
5.2.2.3
Far-field criteria

The far-field criteria of the simplified DFF setup for centre of beam measurements are defined in 5.2.1.3.
5.2.2.4
Testing and calibration aspects

The same testing and calibration aspects apply as outlined in 5.2.1.4.

5.2.3
Indirect far field (IFF) method 1

<Editor’s note: inclusion of this sub-clause to be confirmed with the approval of the corresponding methodology package>
The IFF method 1 creates the far field environment using a transformation with a parabolic reflector. This is also known as the compact antenna test range (CATR).

5.2.4
Indirect far field (IFF) method 2

<Editor’s note: inclusion of this sub-clause to be confirmed with the approval of the corresponding methodology package>
The IFF method 2 creates the far field environment using a two-dimensional antenna array.

5.2.5
Near field to far field transform (NFTF)
<Editor’s note: inclusion of this sub-clause to be confirmed with the approval of the corresponding methodology package>
5.2.6
Reverberation Chamber Method Setup

5.2.6.1
Description

The Reverberation Chamber (RC) offers an approach to measuring complex radio systems and subsystems in an over-the-air (OTA) environment. In the RC, device capability is almost always measured as a statistical summary after sampling device performance in a reflective, mode stirred, cavity resonator which creates a rich, complex multipath environment. This allows for rapid evaluation of some complex effects, but sometimes at the cost of specific underlying information. In the traditional RC, for example, angle of arrival is randomized and essentially unknown, so actual patterns cannot be plotted even though the statistical effects of those patterns can be quickly and accurately measured. This RC method extends the traditional RC methods of [5] and [13] to NR UE RF Test applications, and is not intended to limit variants or extensions of those methods.

The applicability criteria of the Reverberation Chamber setup are:

-
The DUT radiating aperture is D ≤ 5 cm


- Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested

- If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array


- D is based on the MU assessment in Annex B.1.X.3

- The measurement distance larger than the far-filed criteria defined in section 5.2.1.3 is not precluded


- If the uncertainties can be further optimized, the MU may be reduced or D may be increased
-
A manufacturer declaration on the following elements is needed:

-
Manufacturer declares antenna array size

-  TRP, spurious emissions can be tested

5.2.6.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>
5.2.5.3
Far-Field Criteria

Generalized reverberation test methods are not dependent on the far filed criteria. Only portions of the test procedure that are required to set up an appropriate fixed beam state in the UE may require application of the far-field criteria. In this case, 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 boundary for different antenna sizes and frequencies also follows the calculations shown previously in Table 5.2.1.3-1. This application does not apply to the mode-stirred sampling portions of test procedure.

5.2.6.4
Testing and Calibration Aspects

TRP Test Procedure

The TRP can also be calculated from faded samples of the total power transmitted from the UE. The measurement of transmitter performance in an isotropic fading environment is based on sampling the radiated power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the TRP and by calibrating the average power transfer function, an absolute value of the TRP can be obtained. Thus
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the reflection coefficient for fixed measurement antenna n and 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in Annex B.2. 
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 is the average power measured by fixed measurement antenna n and can be calculated using the following expression:
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 Equation for TRP Calculation
where 
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 is sample number m of the complex transfer function measured with fixed measurement antenna n and 
[image: image17.wmf]M

 is the total number of samples measured for each fixed measurement antenna.

Note that all averaging must be performed using linear power values (e.g. measurements in Watts).

For measuring TRP:

1) Position the UE in the validated test zone

2) Allow the UE to connect.
3)  For static TRP testing on a beamforming UE, the UE should establish the max beam direction. This requires an appropriate positioner and uplink antenna (for example a 3-dimensional positioner in the chamber and an uplink connection antenna with direct line of sight to the UE placed in the appropriate far-field) This method approximates an EIRP scan. Using this scan the TX beam peak direction is found (separately for each orthogonal polarization) with a grid that is TBD. The TX beam peak direction is where the maximum total component of estimated EIRP is found. Then this beam direction should be fixed.

4) Measure a sufficient number of independent samples of 
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 using a test system 
5) Calculate TRP using equation above.

Test steps 1 to 4 is repeated for as necessary for test requirement
NOTE 1:
The measurement procedure is based on the measurement of the total power radiated from the UE to a full 3-dimensional isotropic environment with uniform elevation and azimuth field distribution. The power transmitted by the DUT is undergoing fading and is sampled by the fixed measurement antennas. Moreover, it is important that the samples collected are independent, in order to get sufficient accuracy of the estimated TRP value. 

NOTE 2:
The noise floor of the measurement receiver shall not disturb the power measurement.

Calibration Procedure

The purpose of the calibration measurement is to determine the average power transfer function in the chamber, mismatch of fixed measurement antennas and path losses in cables connecting the power sampling instrument and the fixed measurement antennas. Typically, a network analyzer is used for these measurements. An appropriate calibration antenna for the frequency range and beamwidth should be used.

In general, the calibration of a reverberation chamber is performed in three steps:

1.
Measurement of S-parameters through the reverberation chamber for a complete stirring sequence

2.
Calculation of the chamber reference transfer function

3.
Measurement of connecting cable insertion loss

If several setups are used (e.g. empty chamber, chamber with head phantom, etc.), steps 1 and 2 must be repeated for each configuration. The calibration measurement procedure is the same across the entire valid frequency range of the chamber. Calculation of transfer function from S-parameters see Annex F of [5]

5.3
Test method applicability

The test methods in subclause 5.2 are applicable to test cases based on being less than or equal to a threshold MU.

The threshold MU for the equivalence framework will be based on direct far field (DFF) test method for D ≤ 5 cm and for indirect far field (IFF) test method for D > 5 cm.

A permitted test method will have applicability to at least one test case. Applicability is a function of DUT category as defined in Table 5.3-1.

Table 5.3-1: DUT Categories
	DUT category
	Description

	Category 1
	Maximum one antenna panel with D ≤ 5 cm illuminated by test signal at any one time

	Category 2
	More than one antenna panel D ≤ 5 cm without phase coherency between panels illuminated at any one time

	Category 3
	Any phase coherent antenna panel of any size (e.g. sparse array)


Table 5.3-2 indicates the high-level applicability of test methods by DUT category.
Table 5.3-2: Overview of test method applicability for permitted test methods

	DUT category
	Direct Far Field (DFF)
	Indirect Far Field (IFF)
	Near field to Far field transform (NFTF)

	Category 1
	Yes
	Yes
	Yes

	Category 2
	Yes
	Yes
	Yes

	Category 3
	No
	Yes
	No

	NOTE:
A positive indication means that applicability exists for at least one RF test cases for the given UE category


The detailed applicability of any test method for any test will be a function of DUT category, D, the actual testing distance and the resulting calculated MU. If the calculated MU is lower than the threshold MU, then that test method is applicable to the test.
<Editor’s note: inclusion of IFF and NFTF related content to be confirmed with the approval of the corresponding methodology package>
5.4
Summary of measurement uncertainty and test tolerances

<Editor’s note: clause captures the outcome of the UE RF test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>
6
UE RRM testing methodology

6.1
General

Testability aspects of the UE have been considered. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of RRM tests for UE can only be determined once the core requirements are settled.

For frequency bands above 6GHz (eg mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR RRM testability. 
The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency etc) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc, and the algorithms which control such components from the test.

Further details of a suitable OTA test environment are to be discussed in the work item, and may have impact to the core requirements which are defined. For example, side conditions for the applicability of core requirements should be defined in a way in which they can be ensured in an OTA environment.
6.2
Measurement setup

6.2.1
Baseline setup

6.2.1.1
Description

The baseline measurement setup of RRM characteristics for f > 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 6.2.1.1-1 below.

[image: image19.emf]
Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The RRM baseline measurement setup shall fulfill the following capabilities:

TRxPs and Cells:

-
Up to 2 NR transmission reception points TRxPs are emulated.

- 
For non-standalone (NSA) NR devices, the test setup shall emulate in addition 1 LTE cell. The emulated LTE cell provides a stable LTE signal without precise propagation modelling or path loss control between it and the DUT.

Antennas, polarization, simultaneously active AoAs:

- 
N dual-polarized antennas transmitting the signals from the emulated gNB sources to the DUT.
-
The antennas transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level.
- 
N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of simultaneously active (emulating signal) angles of arrival AoAs.
-
For the scope of Rel-15 testing, it is assumed that NMAX_AoAs = [2]. The validity of this assumption depends on the definition of the test requirements.
Angular Relationship:

- 
A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the test system antennas (or the setup should provide equivalent functionality).
-
For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120°, 150° and 180°. In case of NMAX_AoAs > 2, the angular relationship between NMAX_AoAs simultaneously active AoAs is FFS.
Multiple DL transmission antenna ports: 

- 
In case of multiple DL transmission antenna ports are required for RRM testing, the transmission scheme is polarization diversity.
Fading Propagation Conditions:

-
Fading propagation conditions between the DUT and the emulated gNB sources are modeled as Tapped Delay Line (TDL).

Measurement Uncertainty: 

-
It is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in 5.2.1.

Applicability Criteria:

-
The system applies at least to DUTs with a radiating aperture of D ≤ 5cm.-
[A manufacturer declaration on the following elements is needed:

- 
Manufacturer declares antenna arrays size.

-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array.]

6.2.1.2
Parameter mapping to RRM requirements

<Editor’s note: clause content is FFS>
6.2.1.3
Far-field criteria

<Editor’s note: clause content is FFS>

6.2.1.4
Testing and calibration aspects
6.3
Summary of measurement uncertainty and test tolerances

<Editor’s note: clause captures the outcome of the UE RRM test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>
7
UE demodulation and CSI testing methodology

7.1
General

Testability aspects of the UE have been considered. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of demodulation and CSI tests for the UE can only be determined once the core requirements are settled.
For frequency bands above 6GHz (e.g. mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR demodulation and CSI testability
7.2
Measurement setup

7.2.1
Baseline setup

7.2.1.1
Description

The baseline measurement setup of UE demodulation and CSI characteristics for f > 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources with one angle of arrival (AoA) to the UE, and is shown in Figure 7.2.1.1-1 below.
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Figure 7.2.1.1-1: Baseline measurement setup of UE demodulation and CSI characteristics
The key aspects of the baseline setup are:

-
In an anechoic chamber

-
The criterion for determining the far-field distance is described in 7.2.1.3
-
One TRxP with a dual-polarized measurement antenna directed at the DUT
-
Fading Propagation Conditions
-
Fading propagation conditions between the DUT and the emulated gNB sources are modelled as Tapped Delay Line
-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom
-
Together with the DUT, a capability to achieve a specific isolation between two nominally orthogonal paths from the dual-polarised TRxP to the UE, enabling Rank 2 transmission.
-
The capability may use per-port power reporting from the UE 
-
Once established, the setup is expected to be fixed and to be used with UE beamlock to allow testing of DUT baseband features under a “virtually cabled” scenario

-
Capability to select the best UE beam during initial call setup 
-
For setups intended for measurements of UE demodulation and CSI characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT

-
The LTE link antenna provides a stable LTE signal without precise path loss or polarization control
Applicability Criteria:

-
The system applies at least to DUTs with a radiating aperture of D ≤ 5cm

-
[A manufacturer declaration on the following elements is needed:

- 
Manufacturer declares antenna arrays size.

-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array.]
7.2.1.2
Parameter mapping to demodulation and CSI requirements

<Editor’s note: clause content is FFS>
7.2.1.3
Far-field criteria

Whether the system needs to be operated in the far field is FFS 
7.2.1.4
Testing and calibration aspects

<Editor’s note: clause content is FFS>

7.3
Summary of measurement uncertainty and test tolerances

<Editor’s note: clause captures the outcome of the UE demodulation test methodology development per SID objectives; detailed measurement uncertainty budgets are listed in Annex B>
8
Propagation conditions

<Editor’s note: descriptions and definitions of propagation conditions are FFS>

<Editor’s note: procedures to verify emulated propagation conditions are FFS>
8.1
General

<Editor’s note: clause content is FFS>

Annex A:
Environment conditions
A.1
Scope
<Editor’s note: define applicability of the listed environment conditions to DUT types>

A.2
Ambient temperature

<Editor’s note: clause content is FFS>
A.3
Operating voltage

<Editor’s note: clause content is FFS>
Annex B:
Measurement uncertainty

B.1
Measurement uncertainty budget for UE RF testing methodology

B.1.1
Baseline setup

B.1.1.1
Uncertainty budget calculation principle

The uncertainty tables should be presented with two stages:

-
Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement

-
Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.

The MU budget should comprise of a minimum 5 headings:

1)
The uncertainty source,

2)
Uncertainty value,

3)
Distribution of the probability,

4)
Divisor based on distribution shape,

5)
Calculated standard uncertainty (based on uncertainty value and divisor).

B.1.1.2
Uncertainty budget format

Table B.1.1.2-1: Uncertainty contributions for EIRP and TRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment
	B.1.1.4.1

	2
	Measure distance uncertainty
	B.1.1.4.2

	3
	Quality of quiet zone
	B.1.1.4.3

	4
	Mismatch
	B.1.1.4.4

	5
	Absolute antenna gain uncertainty of the measurement antenna
	B.1.1.4.5

	6
	Uncertainty of the RF power measurement equipment
	B.1.1.4.6

	7
	Phase curvature
	B.1.1.4.7

	8
	Amplifier uncertainties
	B.1.1.4.8

	9
	Random uncertainty
	B.1.1.4.9

	10
	Influence of the XPD
	B.1.1.4.10

	Stage 1: Calibration measurement

	11
	Mismatch
	B.1.1.4.4

	12
	Reference antenna positioning misalignment
	B.1.1.4.11

	13
	Quality of quiet zone
	B.1.1.4.3

	14
	Amplifier uncertainties
	B.1.1.4.8

	15
	Uncertainty of the Network Analyzer
	B.1.1.4.12

	16
	Reference antenna feed cable loss measurement uncertainty
	B.1.1.4.13

	17
	Uncertainty of an absolute gain of the calibration antenna
	B.1.1.4.14

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B.1.1.4.15


Table B.1.1.2-2: Uncertainty contributions for EIS measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Pointing misalignment 
	B.1.1.4.1

	2
	Measure distance uncertainty
	B.1.1.4.2

	3
	Quality of quiet zone
	B.1.1.4.3

	4
	Mismatch
	B.1.1.4.4

	5
	gNB emulator uncertainties
	B.1.1.4.16

	6
	Absolute antenna gain uncertainty of the measurement antenna
	B.1.1.4.5

	7
	Phase curvature
	B.1.1.4.7

	8
	Influence of the XPD
	B.1.1.4.10

	9
	Amplifier uncertainties
	B.1.1.4.8

	10
	Random uncertainty
	B.1.1.4.9

	Stage 1: Calibration measurement

	11
	Mismatch
	B.1.1.4.4

	12
	Reference antenna positioning misalignment
	B.1.1.4.11

	13
	Quality of quiet zone
	B.1.1.4.3

	14
	Amplifier uncertainties
	B.1.1.4.8

	15
	Uncertainty of the Network Analyzer
	B.1.1.4.12

	16
	Phase curvature
	B.1.1.4.7

	17
	Uncertainty of an absolute gain of the calibration antenna
	B.1.1.4.14

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B.1.1.4.15


B.1.1.3
Uncertainty assessment

The uncertainty assessment tables are organized as follows:

-
For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 5 cm

-
The uncertainty assessment for EIRP and TRP, assuming D = 5 cm, is provided in Table B.1.1.3-1

-
The uncertainty assessment for EIS, assuming D = 5 cm, is provided in Table B.1.1.3-2
Table B.1.1.3-1: Uncertainty assessment for EIRP and TRP measurement (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.50
	Rectangular
	1.73
	[0.29]

	2
	Measure distance uncertainty
	1.00
	Rectangular
	1.73
	[0.58]

	3
	Quality of quiet zone (NOTE 1)
	1.50
	Actual
	1.00
	[1.50]

	4
	Mismatch 
	2.74
	U-shaped
	1.41
	[1.94]

	5
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00

	6
	Uncertainty of the RF power measurement equipment (NOTE 2)
	2.16
	Normal
	2.00
	[1.08]

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.00
	Normal
	2.00
	1.00

	9
	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]

	10
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	Stage 1: Calibration measurement

	11
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	12
	Reference antenna positioning misalignment
	0.29
	Rectangular
	1.73
	0.17

	13
	Quality of quiet zone (NOTE 1)
	1.50
	Actual
	1.00
	[1.50]

	14
	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00

	15
	Uncertainty of the Network Analyzer
	0.40
	Normal
	2.00
	0.20

	16
	Reference antenna feed cable loss measurement uncertainty
	0.29
	Rectangular
	1.73
	0.17

	17
	Uncertainty of an absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.80]

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.35
	Rectangular
	1.73
	[0.20]

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.76]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.01]

	NOTE 1:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP, the standard uncertainty of quiet zone is [1.5dB].
NOTE 2:
The assessment assumes maximum DUT output power.

NOTE 3:
The impact of phase variation on EIRP is FFS.


Table B.1.1.3-2: Uncertainty assessment for EIS measurement (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Pointing misalignment 
	0.50
	Rectangular
	1.73
	[0.29]

	2
	Measure distance uncertainty
	1.00
	Rectangular
	1.73
	[0.58]

	3
	Quality of quiet zone
	1.50
	Actual
	1.00
	[1.50]

	4
	Mismatch
	2.74
	U-shaped
	1.41
	[1.94]

	5
	gNB emulator uncertainties
	3.34
	Normal
	2.00
	[1.67]

	6
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	8
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	9
	Amplifier uncertainties
	2.00
	Normal
	2.00
	1.00

	10
	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]

	Stage 1: Calibration measurement

	11
	Mismatch 
	0.00
	U-shaped
	1.41
	0.00

	12
	Reference antenna positioning misalignment
	0.29
	Rectangular
	1.73
	0.17

	13
	Quality of quiet zone
	1.50
	Actual
	1.00
	[1.50]

	14
	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00

	15
	Uncertainty of the Network Analyzer
	0.40
	Normal
	2.00
	0.20

	16
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	17
	Uncertainty of an absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.80]

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.35
	Rectangular
	1.73
	[0.20]

	EIS Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[7.20]

	Note 1:
The impact of phase variation on EIS is FFS.


B.1.1.4
Measurement error contribution descriptions

B.1.1.4.1
Positioning misalignment 

This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
B.1.1.4.2
Measure distance uncertainty 

The cause of this uncertainty contributor is due to the reduction of distance between the measurement antenna and the DUT. If the distance of separation is 2D2/lambda based on D being the entire device size, then the phase variation is 22.5deg. Whether this is the minimum acceptable criteria of phase taper over the entire DUT is FFS. Any reduction in the distance of separation increases the phase variation and creates an error which is DUT dependant. Determination of limit of the error is FFS. 
B.1.1.4.3
Quality of quiet zone
The quality of the quiet zone procedure characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. The MU term additionally includes the amplitude variations effect of offsetting the directive antenna array inside a DUT from the centre of the quiet zone as well as the directivity MU, i.e., the variation of antenna gains in the different direct line-of-sight links. An additional MU term related to phase variation and phase ripple effects which depends on measurement distance is FFS, this might require an augmentation of the quality of the quiet zone validation procedure. 
B.1.1.4.4
Mismatch
Mismatch uncertainty occurs when;

-
Changing the signal path between the measurement and calibration procedure

-
Evaluating the insertion loss of a signal path 

The mismatch uncertainty for a system consisting of a generator, a load and a component in between is defined as 
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Where [image: image24.png]


 denotes the reflection coefficient and [image: image26.png]


 is the transmission coefficient, both in linear voltage ratios. 

For a cascade of several components, the interactions between all components have to be evaluated. For example, for four devices in a row (shown in Figure B.1.1.4.4-1) the following contributions have to be accounted for: AB, BC, CD, ABC, BCD, ABCD. The term ABCD represents the interaction between A and D (generator and load) with the components B and C in between.
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Figure B.1.1.4.4-1: Cascade of components

The combined mismatch uncertainty is given by the root sum square of the individual contributions:

[image: image28.png]combined mismatch uncertainty = /(AB)2 + (BC)? + (CD)2 + (ABC)Z + (BCD)? + (ABCD)?




In an optimized test procedure, the overall mismatch uncertainty is smaller when matching pairs of mismatches exist in the calibration and measurement stage since these pairs cancel each other out. Figure B.1.1.4.4-2 displays a calibration setup, where device D is replaced by device F. The mismatch contributions for this path are AB, BC, CE, ABC, BCE and ABCE. For a result based on the measurement and calibration stage, the mismatch contributions AB, BC, and ABC are matching pairs as they occur both in the measurement and calibration stage. Thus, they can be eliminated [11], and the system mismatch uncertainty is obtained as [image: image30.png]J(CD)Z + (CE)Z + (BCD)? + (BCE)? + (ABCD)? + (ABCE)?
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Figure B.1.1.4.4-2: Sketch of a calibration path

In the following, an example mismatch uncertainty calculation for a TX/RX patch from the measurement equipment to the measurement antenna is performed for a frequency of 43.5GHz. The example path under investigation consists of four SPDT switches, one SP6T switch and one DPDT switch and microwave cable interconnects with PC2.4 mm connectors. The attenuation and reflectance of typical components suitable for frequencies ranging up to 43.5 GHz have been considered in the calculation of the mismatch uncertainty.

Figure B1.1.4.4-3 shows a sample system setup for an EIRP/EIS test case with rather simple complexity of the switch box similar to a current sub 6GHz test setup. It should be noted that the switch unit is significantly less complex than a state-of-the-art switch unit currently used for conformance tests.
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Figure B.1.1.4.4-3: Block Diagram of an EIRP/EIS test case with components from the gNB to the antenna (only portion of switch unit shown)

Table B.1.1.4.4-1 comprises the reflection and transmission properties of the components of the example path at a frequency of 43.5 GHz.

	Device / Component
	VSWR
	Transmission (dB)
	Identifier in Figure B.1.1.4.4-3
	Additional Comment/
Assumption

	System Simulator
	3.5
	
	gNB
	

	Cable
	1.5
	-5.38
	C1
	Length: 1.5m
Loss: 3.59dB/m 

	Cable
	1.5
	-0.61
	C2, C3, C4, C5, C6, C7, C8
	Length: 0.17m
Loss: 3.59dB/m

	Cable
	1.5
	-7.18
	C9, C10
	Length: 2.0m
Loss: 3.59dB/m

	Feedthrough
	1.3
	-0.66
	F1, F2, F3
	

	SPDT switch
	1.9
	-1.10
	K1, K3, K5, K7
	

	SP6T switch
	2.2
	-1.20
	K9
	

	Transfer switch
	2.0
	-1.10
	K10
	

	Antenna
	2.0
	
	Meas. Ant.
	


The calculation of the overall mismatch uncertainty for a frequency of 43.5 GHz results in a value of 2.7 dB for the standard deviation, i.e., the expanded uncertainty is 5.3 dB.

Figure B.1.1.4.4-4 depicts a possible calibration for a part of the setup.
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Figure B.1.1.4.4-4: Block Diagram of the calibration stage
For the VNA a return loss of 30 dB is assumed after a full two-port calibration. The calculation of the system mismatch uncertainty applying the elimination of matching pairs results in a value of 1.0 dB (standard deviation) with an expanded value of 1.9 dB.

B.1.1.4.5
Absolute antenna gain uncertainty of the measurement antenna
This contribution originates from differences in gain of the calibration antenna versus the measurement antenna. In practice, the calibration antenna is used as the measurement antenna so the uncertainty contribution is 0.00.
B.1.1.4.6
Uncertainty of the RF power measurement equipment  
The receiving device is used to measure the received signal level in the EIRP tests as an absolute level. These receiving devices are spectrum analysers, communication analysers, or power meters. The uncertainty value will be indicated in the manufacturer's data sheet. It needs to be ensured that appropriate manufacturer's uncertainty contributions are specified for the settings used such as bandwidth and absolute level. If a power meter is used zero offset, zero drift and measurement noise need to be included. 
B.1.1.4.7
Phase curvature  
This contribution originates from the finite far field measurement distance, which causes phase curvature across the antenna of UE/reference antenna. At a measurement distance of 2D2/lambda the phase curvature is 22.5 degrees.  The impact of this factor is FFS. 
B.1.1.4.8
Amplifier uncertainties
Any components in the setup can potentially introduce measurement uncertainty. It is then needed to determine the uncertainty contributors associated with the use of such components. For the case of external amplifiers, the following uncertainties should be considered but the applicability is contingent to the measurement implementation and calibration procedure.

-
Stability

-
An uncertainty contribution comes from the output level stability of the amplifier. Even if the amplifier is part of the system for both measurement and calibration, the uncertainty due to the stability shall be considered. This uncertainty can be either measured or determined by the manufacturers’ data sheet for the operating conditions in which the system will be required to operate.

-
Linearity

-
An uncertainty contribution comes from the linearity of the amplifier since in most cases calibration and measurements are performed at two different input/output power levels. This uncertainty can be either measured or determined by the manufacturers’ data sheet.

-
Noise Figure

-
When the signal goes into an amplifier, noise is added so that the SNR at the output is reduced with regard to the SNR of the signal at the input. This added noise introduces error on the signal which affects the Error Rate of the receiver thus the EVM (Error Vector Magnitude). An uncertainty can be calculated through the following formula:

[image: image34.png]—SNR
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-
Where SNR is the signal to noise ratio in dB at the signal level used during the sensitivity measurement. 

-
Mismatch

-
If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, the mismatch uncertainty at its input and output shall be either measured or determined by the method described in [12].
-
Gain

-
If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, this uncertainty shall be considered.
B.1.1.4.9
Random uncertainty

This contribution is used to account for all the unknown, unquantifiable, etc. uncertainties associated with the measurements.

Random uncertainty MU contributions are normally distributed. [Note: this is different from “Miscellaneous uncertainty” or “Residual uncertainty” which can include unknown systematic errors which may not be normally distributed.]

The random uncertainty term, by definition, cannot be measured, or even isolated completely. However, past system definitions provide an empirical basis for a value. Current LTE SISO OTA measurements have random uncertainty contributions of ~0.2dB. A value of 0.5dB is suggested due to increased sensitivity to random effects in more complex, higher frequency NR test systems.
B.1.1.4.10
Influence of the XPD
This factor takes into account the uncertainty caused due to the finite cross polar discrimination (XPD) between the two polarization ports of the measurement probe. The XPD of the probe antenna is TBD, as defined in antenna datasheet.

A typical probe antenna can have XPD of 30dB [QR18000, http://www.mvg-world.com/en/system/files/closed_boundary_quad-ridge_horns_july_2016.pdf]

For example if a linearly-polarized sine wave is input to the measurement antenna with a gradient of 45 degrees like the case in the following figure, then a signal level of V-antenna and H antenna are equal.

When we consider a leakage from V to H, or H to V, they can be described with the following equations.
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                            (1)
[image: image38.png]ReceivedSignal @Ant(H) = A-sin(2nft) + LeakageComponentFromV



                            (2)

Worst case can be assumed as the case that the phase of signal and leakage are same, and it can be shown as follows

[image: image40.png]Leaka geComponentFromH = A- sin(2uft) 10 30



                                                            (3)
If we put equations (1) and (2) in (3), we get following 2 equations.

[image: image41.png]ReceivedSignal@Ant(V) = 4-(1 + 102 ) - sin(2nfe)
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Difference of amplitude between the case that there is a leakage and not can be calculated as follows. 
-
Amplitude when there is not the leakage: [image: image44.png]



-
Amplitude when there is the leakage (Worst): [image: image46.png]



[image: image47.png]MUBYXPD = 20 - log,




For example, if the XPD = -30dB, the calculated value can be as follows.
[image: image48.png]MUByXPD = 20 -logey (1+107 ) = 027 [dB]




B.1.1.4.11
Reference antenna positioning misalignment  
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain directions of the reference antenna and the receiving antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
B.1.1.4.12
Uncertainty of the Network Analyzer
This contribution originates from all uncertainties involved transmission magnitude measurement (including drift and frequency flatness) with a network analyser. The uncertainty value will be indicated in the manufacturer's data sheet. It needs to be ensured that appropriate manufacturer's uncertainty contribution is specified for the absolute levels measured. 

B.1.1.4.13
Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced. This contribution should be set as zero.
B.1.1.4.14
Uncertainty of an absolute gain of the calibration antenna
The calibration antenna only appears in Stage 2. Therefore, the gain uncertainty has to be taken into account. This uncertainty will come from a calibration report with traceability to a National Metrology Institute with measurement uncertainty budgets generated following the guidelines outlined in internationally accepted standards.
B.1.1.4.15
Positioning and pointing misalignment between the reference antenna and the receiving antenna
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain direction of the reference antenna and the transmitting antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
B.1.1.4.16
gNB emulator uncertainty

gNB emulator is used to drive a signal to the horn antenna (via multiple external components such as a switch box, an amplifier and  a circulator, etc.) in sensitivity tests either as an absolute level or as a relative level. Receiving device used is typically a UE/phablet/tablet/FWA. Generally there occurs uncertainty contribution from absolute level accuracy, non-linearity and frequency characteristic of the gNB emulator.

For practical reasons, in a case that a VNA is used as a calibration equipment, gNB emulator is connected to the system after the calibration measurement (Stage 2) is performed by the VNA. Hence, the uncertainty on the absolute level of gNB emulator (transmitter device) cannot be assumed as systematic. This uncertainty should be calculated from the manufacturer’s data in logs with a rectangular distribution, unless otherwise informed. Furthermore, the uncertainty of the non-linearity is included in the absolute level uncertainty.
B.1.2
Baseline setup simplification

<Editor’s note: clause content is FFS>
B.1.X
Reverberation Chamber Method

B.1.X.1
Uncertainty budget calculation principle

The uncertainty calculation principle for this method is the same as in B.1.1.1
B.1.X.2
Uncertainty budget format

This table is kept as similar as possible to the Baseline setup for ease of use.
Table B.1.X.2-1: Uncertainty contributions for TRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment
	B.1.x.4.1

	2
	Mismatch
	B.1.1.4.4

	3
	Absolute antenna gain uncertainty of the measurement antenna
	B.1.1.4.5

	4
	Uncertainty of the RF power measurement equipment
	B.1.1.4.6

	5
	K-Factor Uncertainty
	B.1.x.4.2

	6
	Amplifier uncertainties
	B.1.1.4.8

	7
	Random uncertainty
	B.1.1.4.9

	8
	Chamber Statistical Ripple
	B.1.x.4.3

	Stage 1: Calibration measurement

	9
	Mismatch
	B.1.1.4.4

	10
	Reference antenna positioning misalignment
	B.1.1.4.11

	11
	Chamber Statistical Ripple
	B.1.x.4.3

	12
	Amplifier uncertainties
	B.1.1.4.8

	13
	Uncertainty of the Network Analyzer
	B.1.1.4.12

	15
	Uncertainty of an absolute gain of the calibration antenna
	B.1.1.4.14

	16
	K-factor uncertainty
	B.1.x.4.2


B.1.X.3
Uncertainty assessment

Table B.1.x.3-1: Uncertainty assessment for TRP measurement

	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.0
	Rectangular
	1.73
	0.0

	2
	Mismatch 
	[1.3]
	Normal
	1
	[1.3]

	3
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00

	4
	Uncertainty of the RF power measurement equipment (NOTE 1)
	[2.16]
	Normal
	2.00
	[1.08]

	5
	K-factor uncertainty
	[0.25]
	Normal
	1.41
	[0.18]

	6
	Amplifier uncertainties
	2.00
	Normal
	2.00
	1.00

	7
	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]

	8
	Chamber Statistical Ripple
	0.3
	Actual
	1.00
	0.3

	Stage 1: Calibration measurement

	9
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	10
	Reference antenna positioning misalignment
	0.29
	Rectangular
	1.73
	0.17

	11
	Chamber Statistical Ripple
	0.3
	Actual
	1.00
	0.3

	12
	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00

	13
	Uncertainty of the Network Analyzer
	0.40
	Normal
	2.00
	0.20

	15
	Uncertainty of an absolute gain of the calibration antenna
	1.60
	Normal
	2.00
	[0.80]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[4.30]

	NOTE 1:
The assessment assumes maximum DUT output power.


B.1.X.4
Measurement error contribution descriptions

B.1.X.4.1
Positioning misalignment 

This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam. While this is a valid measurement uncertainty for the RC method, proper chamber validation should eliminate it.

B.1.X.4.2
K-Factor Uncertainty  
This contribution originates the potential mismatch of directivity in source antenna and DUT antenna. As the directivity of the DUT antenna increases the statistical isotropy may take more samples to converge compared to a more moderate directivity DUT antenna. This factor could be reduced with defined MU assumptions about UE directivity. 
B.1.X.4.3
Chamber Statistical Ripple
This factor takes into account the uncertainty caused by variations in the chamber from an ideal reflective faded chamber environment. It is typically seen in the residual variation in the chamber loss vs. frequency process that cannot be averaged out. Annex E describes the procedure for calculating this uncertainty as a function of the valid test zone in the reverberation chamber.
B.2
Measurement uncertainty budget for UE RRM testing methodology

B.2.1
Baseline setup

<Editor’s note: >
B.3
Measurement uncertainty budget for UE demodulation testing methodology

B.3.1
Baseline setup

<Editor’s note: clause content is FFS>
Annex C:
UE coordinate system

C.1
Reference coordinate system

This annex defines the measurement coordinate system for the NR UE.  The reference coordinate system, reused from the LTE MIMO OTA definition in [5], is provided in Figure C.1-1 below.
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Figure C.1-1: Reference coordinate system

The following aspects are necessary:

-
A basic understanding of the top and bottom of the device is needed in order to define unambiguous DUT positioning requirements for the test

-
An understanding of the origin of the test system (i.e. the direction in which the x-axis points inside the test chamber) is needed in order to define unambiguous DUT orientation, DUT beam, signal, interference, and measurement angles

C.2
Test conditions and angle definitions

Table C.2-1 below provides the test conditions and angle definitions.

Table C.2-1: 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
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	NOTE 1: A polarization reference, as defined in relation to the reference coordinate system in E.1, is maintained for each signal angle, link or interferer angle, and measurement angle


For each UE requirement and test case, each of the parameters in Table C.2-1 are defined as single values or ranges of values, such that DUT positioning, DUT beam direction, and angles of the signal, link/interferer, and measurement are specified.
C.3
DUT positioning guidelines

The centre of the reference coordinate system shall be aligned with the geometric centre of the DUT in order to minimize the offset between antenna arrays integrated at any position of the UE and the centre of the quiet zone.
Annex D:
Quality of the Quiet Zone Validation
D.1
General

This annex describes the procedures for validating the quality of the quiet zone for the baseline measurement system, Section 5.2.1 and the simplified baseline setup for centre of beam measurements, Section 5.2.2.

D.2
Procedure to Characterize the Quality of the Quiet Zone for the Baseline System
This procedure is mandatory before the test system is commissioned for certification tests and characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. Additionally, it includes the effect of offsetting the directive antenna array inside a DUT from the centre of the quiet zone, i.e., the centre of rotation of the DUT and measurement antenna positioning systems as well as the directivity MU, i.e., the variation of antenna gains in the different direct line-of-sight links.

The quiet zone is illustrated in Figure D.2-1 which includes the definitions of centre of quiet zone range, i.e., the geometric centre of the positioning systems, and the range length, i.e., the distance between the centre of the quiet zone and the aperture of the measurement antenna.
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Figure D.2-1: Quiet Zone Illustration

The outcome of the procedures can be used to predict the 
-
variation of the TRP/TRS measurements, spherical surface integrals of EIRP/EIS, when the DUT is placed anywhere within the quiet zone and with the beam formed in any arbitrary direction inside the chamber

-
variation of the EIRP/EIS measurements when the DUT is placed anywhere within the quiet zone and with the beam formed in any arbitrary direction inside the chamber

The reference coordinate system defined in Appendix C applies to this procedure.
D.2.1
Equipment Used 

The reference antenna under test (AUT) that is placed at various locations within the quiet zone shall be a directive antenna with similar properties of typical antenna arrays integrated in DUTs. The characteristics in terms of Directivity and Half Power Beamwidth (HPBW) of the reference AUT are shown in Figure D.2.1-1, D.2.1-2, and D.2.1-3.
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Figure D.2.1-1: Directivity mask
[image: image53.emf]
Figure D.2.1-2: 2xHPBW-E mask
[image: image54.emf]
Figure D.2-3: 2xHPBW-H mask
AUT shall be symmetric on E and H planes.

The above masks for the reference antenna are met based on antenna vendors’ calibration report.

For the measurement, a combination of signal generator and spectrum analyser or a network analyser can be used. The multi-port (with three ports) network analyser is most suitable to reduce test time as both polarizations of the measurement antenna can be measured simultaneously and multiple frequencies can be measured in a sweep.

D.2.2
Test frequencies

The frequencies to be used to characterize the quality of the quiet zone are TBD. The quiet zone validation analysis is performed for each frequency individually.
D.2.3
Reference Measurements

The quality of the quiet measurements for integrated RF parameters such as TRP and TRS shall use 3D pattern measurements of the reference antenna patterns as they most closely resemble the 3D/spherical surface measurements/integrals of EIRP or EIS. Therefore, the quality of the quiet zone measurements for TRP and TRS metrics shall be based on efficiency measurements. On the other hand, the quality of the quiet zone measurements for single-directional EIRP and EIS metrics shall be based on gain measurements of the direct line-of-sight link between the reference AUT and the measurement antenna.
D.2.4
Size of the Quiet Zone

The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. For smartphones, the quiet zone shall be considered a sphere with radius of R=7.5cm. Alternate quiet zone sizes can be defined for larger DUTs.
D.2.5
Minimum Range Length

The minimum range length depends on the size of the DUT and the minimum far-field distance of typical antenna arrays integrated in DUTs. The minimum range length is TBD.
D.2.6
Reference AUT Positions

The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure D.2.6.1-1 and D.2.6.2-1

While position 1, P1, is the centre of the quiet zone, the remaining positions, 2 through 7, are off-centre positions each displaced by the radius of the quiet zone, R. The coordinates of the respective test points are shown in Table D.2.6-1.

Table D.2.6-1: Reference AUT Measurement Coordinates
	Position
	x
	y
	z

	P1
	0
	0
	0

	P2
	R
	0
	0

	P3
	-R
	0
	0

	P4
	0
	R
	0

	P5
	0
	-R
	0

	P6
	0
	0
	R

	P7
	0
	0
	-R


D.2.6.1
Distributed-axes system
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure D.2.6.1-1.
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Figure D.2.6.1-1: Reference AUT Measurement Positions for distributed-axes system
The reference AUT positions inside a typical distributed-axes system are shown in Figure D.2.6.1-2.
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Figure D.2.6.1-2: Reference AUT Measurement Positions for distributed-axes system
D.2.6.2
Combined-axes system

The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure D.2.6.2-1.
[image: image57.emf]
Figure D.2.6.2-1: Reference AUT Measurement Positions for combined-axes system
The reference AUT positions inside a typical combined-axes system are shown in Figure D.2.6.2-2.
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Figure D.2.6.2-2: Reference AUT Measurement Positions for combined-axes system
D.2.7
Reference AUT Orientations

As different areas within the chamber could yield variations in the field uniformity inside the quiet zone caused by reflections, it is important to characterize the electromagnetic fields with the reference antennas uniformly illuminating the anechoic chamber. 
D.2.7.1
Distributed-axes system
In order to keep the quality of the quiet zone characterization manageable in terms of test times, it is suggested to perform the reference measurements for the reference AUT placed at the 7 antenna positions with the antenna oriented in 5 different pitch orientations (elevation), i.e., Θ = -90o, -45o, 0o, 45o, and 90o and 8 different roll orientations (azimuth) Φ = 0o, 45o, 90o, 135o, 180o, 225o, 270o, and 315o. A graphical illustration of the 26 different reference AUT orientations is shown in Figure D.2.7.1-1 with a reference AUT placed at position 6, P6.
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Figure D.2.7.1-1: Sample reference AUT orientations for position 6, P6. 

When facing the poles, Θ = 90o and Θ = -90o, the antenna does not need to be evaluated for the 8 different roll orientations. A single roll orientation is sufficient since those orientations are unique. Due to the pedestal, distributed-axes systems are not able to measure towards the Θ =90o direction; for those systems, the reference measurements at this reference AUT orientation can be skipped. 

D.2.7.2
Combined-axes system
In order to keep the quality of the quiet zone characterization manageable in terms of test times, it is suggested to perform the reference measurements for the reference AUT placed at the 7 antenna positions with the antenna oriented in 5 different yaw orientations (elevation), i.e., ψ = -90o, -45o, 0o, 45o, and 90o and 8 different pitch orientations (azimuth) Θ = 0o, 45o, 90o, 135o, 180o, 225o, 270o, and 315o. A graphical illustration of the 26 different reference AUT orientations is shown in Figure D.2.7.2-1 with a reference AUT placed at position 6, P6.
[image: image60.emf] 

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

z

x

y

P1 P6

P7

P2

P3

P4

P5

Yaw Ψ = 90

o

Pitch Θ = 0

o

Yaw

Ψ = -45

o

Pitch

Θ = 0

o

Pitch

Θ = 45

o

Pitch

Θ = 90

o

Pitch

Θ = 315

o

Yaw

Ψ = 45

o

Yaw

Ψ = 0

o

Yaw Ψ = -90

o

Pitch Θ = 0

o

…


Figure D.2.7.2-1: Sample reference AUT orientations for position 6, P6.
When facing the poles, ψ = 90o and ψ = -90o, the antenna does not need to be evaluated for the 8 different pitch orientations. A single pitch orientation is sufficient since those orientations are unique. Due to the pedestal of the 2-axis positioner, combined-axes systems are not able to measure towards the Θ =180o direction; for those systems, the reference measurements at this reference AUT orientation can be skipped.

D.2.8
Reference AUT Polarizations

It is important to evaluate the coupling of both principal field components, θ and φ, radiated by the reference AUT with the measurement antenna. 
D.2.8.1
Distributed-axes system
The traditional and most thorough approach is to measure the polarizations, PolMeas = θ and φ separately by placing the reference AUT at the orthogonal orientations as shown in Figure D.2.8.1-1 for distributed-axes systems. 
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Figure D.2.8.1-1: Reference AUT Polarizations measured separately with two orthogonal AUT orientations in distributed-axes system. 

D.2.8.2
Combined-axes system
The traditional and most thorough approach is to measure the polarizations, PolMeas = θ and φ separately by placing the reference AUT at the orthogonal orientations as shown in Figure D.2.8.2-1 for combined-axes systems.
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Figure D.2.8.2-1: Reference AUT Polarizations measured separately with two orthogonal AUT orientations in combined-axes system.
D.2.9
Quality of Quiet Zone Measurement Uncertainty Calculations for TRP/TRS

The combined MU element related to the quality of the quiet zone for TRP/TRS and offset between UE antenna array and centre of quiet zone is the standard deviation of the various efficiency measurement results that are based on the 7 different reference AUT positions, the 26 different reference AUT orientations (pitch and roll), and the two different reference AUT polarization orientations (yaw) which could be reduced with alternate configurations. 

D.2.10
Quality of Quiet Zone Measurement Uncertainty for EIRP/EIS

The MU for the quality of the quiet zone for EIRP/EIS includes the additional MU element of the directivity of the DUT and measurement antennas as shown in Figure D.2.10-1. The EIRP/EIS measurements are taking the peak gains of the respective antennas into account with the reference AUT placed in the centre of the quiet zone. Once the antenna is displaced in directions other than the measurement antenna, the direct line-of-sight link is taking reduced antenna gains into account. The type of reference AUT should therefore have similar pattern properties as typical UE antennas. For systems with very large range lengths, the directivity MU will be insignificant. 

The combined MU element related to the quality of the quiet zone for EIRP/EIS, offset between UE antenna array and centre of quiet zone, and directivity is the standard deviation of the single-point gain measurement results that are based on the 7 different reference AUT positions, the 26 different reference AUT orientations (pitch and roll), and the two different reference AUT polarization orientations (yaw) which could be reduced with alternate configurations.
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Figure D.2.10-1: Illustration of the Directivity MU Element. 

Annex E:

E.1 Procedure to Validate the Test Zone in a Reverberation Chamber

For RC the test volume will consist of a cylinder where the Test Volume Validation Positions (TVVPs) in this test volume consist of extreme positions, e.g. minimum distances to other metallic and/or absorbing objects and the location on the turntable, as well as additional positions representative to DUT test positions. The following baseline TVVPs are identified:
-    TVVP1-3: These three positions correspond to the lower extremes of having the DUT no closer than 0.5 lambda from the metallic turntable plate.
-    TVVP1 will experience a minimum of statistics, given that a DUT in this position will be kept at the same position throughout the measurement. This position could also be shifted away from the centre of the turntable, if needed for the accuracy of the measurements. For such case, the test volume would be a cylinder with the centre excluded.
-    TVVP2 corresponds to additional test position representative to DUT test position for gathering sufficient statistics.
-    TVVP3 is the edge of the test volume. This is the position farthest away from the turntable centre that still fulfils the requirement of being 0.5 lambda separated from other metallic or absorbing objects in the chamber (e
-    TVVP4-6: These three positions correspond to additional test positions in the centre azimuth cut of the cylinder representative to DUT test positions, in order to gather sufficient statistics for the validation. The individual points correspond to the same distances from the centre of the turntable as TVVP1-3.
-    TVVP7-9: These three positions correspond to extreme points at the upper edge of the test volume, which still satisfy the requirements of being 0.5 lambda away from metallic or absorbing objects (in this case the metallic stirrer plate; it can also be bounded by the roof of the chamber). The individual points correspond to the same distances from the centre of the turntable as TVVP1-3.
One azimuth cut consisting of 3 TVVPs.
In addition to metallic surfaces and objects, different amounts of absorbing objects can be used for obtaining the desired chamber characteristics. If such objects exist the boundaries of the test volume must be set as to take these into account. 
The 9 positions defined above will be the TVVPs, and will define the valid test volume. 
Having nine individual measurements will provide a sufficient statistical ground for concluding on the RC test volume characteristics. Observe however that there will be three orientations measured for each position, in order to calculate the anisotropy coefficients. This means that there will be 27 individual estimates of the power transfer function and all of these shall be used for the standard deviation calculation.
In order to pass the test volume validation, the isotropy in all TVVPs must satisfy the requirements and standard deviation of the power transfer function must result in an acceptable overall uncertainty once combined with the other uncertainty sources. 
In each of the positions defined above, the procedure described in Clause C.3.2.5 of [5] shall be used to obtain the isotropy validation data. From this data it is possible to calculate the chamber transfer function and isotropy.

From the data obtained with the procedure above the chamber transfer function 
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 is calculated for each TVVP. The normalized standard deviation is then calculated as
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M is the number of antenna positions used for the estimate, in this case 27 (9 TVVPs and 3 orientations in each TVVP).

The total standard deviation is then given by
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 is 1.05.

The standard measurement uncertainty estimate is obtained by selecting the worst case for each band/channel combination. The value obtained should be inserted into the uncertainty budget in Annex B.1.X.3 as the “chamber statistical ripple”.
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