Page 1



3GPP TSG-RAN4 Meeting #86bis
R4-1805897 (revision of R4-1803871)
Melbourne, Australia, 16 April – 20 April 2018

Title:





TP to TR 38.810 – NFM without Near-to-Far Transform
Source:


Anritsu

Agenda Item:


7.12.2
Document for:


Approval
1.
Introduction

This paper is a text proposal for the near-field measurement without near-field to far-field transformation[3] to be included as one of the baseline setups in TR 38.810 [1].


2. Proposal
------------------------------------START OF PROPOSAL------------------------------------
5.2.6
Near-field without near-field to far-field transform (NFWOTF) method
The NFWOTF method creates the near-field measurement environment where the near-field to far-field transformation is not applied, which has a strong point in low-SNR-measurement conditions while not requiring phase measurements. Refer to Annex F for additional information.
5.2.6.1
Description
The NFWOTF measurement setup of UE RF characteristics for f > 6GHz is capable of TRP measurements and is shown in Figure 5.2.6.1-1.

[image: image1]

Figure 5.2.6.1-1: NFWOTF measurement setup of UE RF characteristics
The key aspects of the NFWOTF setup are:
· Radiative near-field measurement system in an anechoic chamber
· The criterion for determining the radiative near-field distance is described in 5.2.6.3
· A dual-polarized measurement antenna placed in the radiative near-field region from the DUT
· A link antenna for NR connections placed in the far-field region from the DUT
· A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and the distance between the dual-polarized measurement antenna and the DUT is adjustable
· 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 may or may not provide independent control from the measurement antenna.
· If the positioning system for the link antenna does not provide independent control from the measurement antenna, there needs to be a measure to keep the NR link during measurements.
· 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 NFTF setup are:
· 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
· TRP and spurious emissions metrics can be tested, while EIRP measurement results can only be used for TRP test procedure optimization.
5.2.6.2
Parameter mapping to RF requirements

<Editor’s note: clause content is FFS>

5.2.6.3
Measurement distance in Radiative Near-field

As shown in Figure 2.2.1, the distance range R of the radiative near-field can be calculated based on the equation : [image: image2.png]2 207
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 where D is the diameter of the smallest sphere that encloses the radiating parts of antennas larger than a wavelength; the value of D shall be determined by the larger one of the DUT-antenna or the measurement antenna. 
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Figure 5.2.6.3-1  Distance to test object
Except for fulfilling the radiative near-field condition of [image: image4.png]r> A/2m



, it would be necessary to keep the distance to avoid overlapping among the measurement-antenna effective areas centred at the measurement grids as shown in Figure 5.2.6.3-2. This condition is necessary to collect independently-sampled radiation pattern data. Although the DUT-radiation pattern at the radiative near-field could be different from the one at the far-field, it would be reasonable to assume that the measurement grid in far-field can be applied commonly for measurements in the radiative near-field. If we know the required maximum angle between adjacent measurement grids ([image: image5.png]


), which shall be determined by the beam-width of the DUT, the distance to avoid the overlapping ([image: image6.png]Rrot_to_overiap(min)



) can be calculated as below.
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Here, the meaning of the notations are as below.
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: Effective area size of measurement antenna
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: Radius of effective area
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: Linear power gain of measurement antenna
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: Gain in dB of measurement antenna

Considering the two factors above, the minimum measurement distance in the radiative near-field([image: image18.png]Rradys (min)



) is determined as below.
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Figure 5.2.6.3-2  The minimum distance not to overlap the effective area of measurement antenna
5.2.6.4
Testing and calibration aspects

5.2.6.4.1
Calibration Measurement Procedure

The calibration measurement is done by using a calibration antenna, whose gain value is not necessarily known in the radiative near-field but the radiation efficiency is known in order to be able to calculate the radiation power from the power fed through the cable. For the calibration measurement, the reference antenna is placed at the centre of the quiet zone so that TRP values in necessary measurement conditions are to be measured for references. The calibration process determines the composite loss, LTRP,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).
1) Connect a CW signal source with a reference antenna and feed known power (P0 [dBm]) to the reference antenna.
2) Measure reference TRP values (TRPref [dBm]) following the procedure in 5.2.6.4.2 with the measurement conditions (frequency, measurement distance) same as the actual measurements.
3) Calculate the composite loss (LTRP,pol) as : LTRP,pol = P0 - Lrefant - TRPref ; here, Lrefant is the power loss in the reference antenna according to the known radiation efficiency.
5.2.6.4.2
EIRP Measurement Procedure
The EIRP measurement procedure can only be applied for the TRP test procedure optimization.

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, LTRP,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, LTRP,φ, and frequency to the measured power Pmeas,φ
7)
Calculate total [image: image21.png]EIRP = Ggipp(probeomyp)* (EIRP; + EIRP,)



, where [image: image22.png]@e1rp (probeomp)



 is the probe compensation factor defined in E.2.
5.2.6.4.3
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) Adjust the measurement distance between the measurement antenna and the DUT so that the radiative near-field criteria in 5.2.6.3 is met while keeping the distance as short as possible to secure a good SNR condition.
4) 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 or the DUT (based on system architecture).
5) Calculate EIRPθ (EIRPφ) by adding the composite loss of the entire transmission path for utilized signal paths, LTRP,θ, (LTRP,φ) and frequency to the measured powers Pmeas,θ (Pmeas,φ)
6) The TRP value for the uniform measurement grid is calculated using
[image: image23.png]TRP = WZ D (518 (6,.6;) + BIRP (6.9 )]sin(8)
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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:
[image: image24.png]rap
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where [image: image26.png]


 is the number of measurement points, and  [image: image27.png]Cprobeomp (TRP)



is the probe compensation factor defined in E.2.
< Unchanged section omitted >
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)
	NFM without transform (NFWOTF)

	Category 1
	Yes
	Yes
	Yes

	Category 2
	Yes
	Yes
	Yes

	Category 3
	No
	Yes
	Yes

	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 NFTF related content to be confirmed with the approval of the corresponding methodology package>
< Unchanged section omitted >

Annex B:
Measurement uncertainty

B.1
Measurement uncertainty budget for UE RF testing methodology

< Unchanged section omitted >
B.1.5

NFWOTF setup

B.1.5.1
Uncertainty budget calculation principle
Same as in B.1.1.
B.1.5.2
Uncertainty budget format
Table B.1.5.2-1: Uncertainty contributions for TRP measurement

	UID
	Description of uncertainty contribution
	Details in paragraph

	
	Stage 2: TRP Near Field DUT power measurement

	1
	Positioning misalignment
	B.1.5.4.1

	2
	Quality of quiet zone
	B.1.5.4.2

	3
	Mismatch
	B.1.5.4.3

	4
	Uncertainty of the RF power measurement equipment
	B.1.5.4.4

	5
	Amplifier uncertainties
	B.1.5.4.5

	6
	Random uncertainty
	B.1.5.4.6

	7
	Influence of the XPD
	B.1.5.4.7

	8
	Probe Pattern Effect 
	B.1.5.4.8

	9
	Multiple Reflections:  Coupling between Measurement Antenna and DUT
	B.1.5.4.9

	10
	Noise floor
	B.1.5.4.10

	
	Stage 1: Calibration measurement

	11
	Mismatch
	B.1.5.4.4

	12
	Reference antenna positioning misalignment
	B.1.5.4.11

	13
	Quality of quiet zone for calibration process
	B.1.5.4.12

	14
	Amplifier uncertainties
	B.1.5.4.5

	15
	Reference antenna feed cable loss measurement uncertainty
	B.1.5.4.13

	16
	Uncertainty of the radiation efficiency of the calibration antenna
	B.1.5.4.14


B.1.5.3
Uncertainty assessment

The uncertainty assessment table is 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 TRP, assuming D = 5 cm, is provided in Table B.1.5.3-1:

Table B.1.5.3-1: Uncertainty assessment for [EIRP and] TRP measurement (D=15cm)
	Description of uncertainty contribution
	Uncertainty Value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB

	Stage 2: TRP Near Field DUT power measurement

	Positioning misalignment (NOTE 6)
	[0.00]
	Rectangular
	1.73
	[0.00]

	Quality of quiet zone (NOTE 5)
	[0.97]
	Actual
	1.00
	[0.97]

	Mismatch
	1.30
	Actual
	1.00
	[1.30]

	Uncertainty of the RF power measurement equipment  (NOTE 2)
	[0.10]
	Normal
	2.00
	[0.05]

	Amplifier uncertainties
	[2.00]
	Normal
	2.00
	[1.00]

	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]

	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	Probe Pattern Effect 
	0.00
	Actual
	1.00
	0.00

	Multiple Reflections:  Coupling between Measurement Antenna and DUT
	[0.00]
	Normal
	2.00
	[0.00]

	Noise floor (NOTE 4)
	[1.27]
	Rectangular
	1.73
	[0.73]

	Stage 1: Calibration measurement

	Mismatch
	0.00
	Actual
	1.00
	0.00

	Reference antenna positioning misalignment
	0.00
	U-shaped
	1.41
	0.00

	Quality of quiet zone for calibration process
	[0.80]
	Actual
	1
	[0.8]

	Amplifier uncertainties
	0.00
	Normal
	2.00
	0.00

	Reference antenna feed cable loss measurement uncertainty
	0.29
	Rectangular
	1.73
	0.17

	Uncertainty of the radiation efficiency of the calibration antenna
	[1.63]
	Actual
	1.00
	[1.63]

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB] (NOTE 3)
	[5.93]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.47]

	NOTE 1: The analysis was done only for the case of operating at Tx-Spurious emission, OFF power, Rx-Spurious emission 
NOTE 2: The linearity of a spectrum analyzer

NOTE 3: The uncertainty for EIRP is only for TRP test procedure optimization.

NOTE 4: SNR [5.6dB] is assumed as worst case scenario (OFF Power). The mean signal-level drops caused by the measurement-antenna radiation pattern are assumed to be [0.897dB] and [1.048dB] for TRP and EIRP respectively.
NOTE 5: The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [0.97dB]; for EIRP, the standard uncertainty of quiet zone is [1.49dB].
NOTE 6: The positioning misalignment is different for EIRP and TRP. For TRP, the standard uncertainty is [0.00dB]; for EIRP, the standard uncertainty is [0.50dB].


B.1.5.4
Measurement error contribution descriptions
B.1.5.4.1
Positioning misalignment
Same as in B.1.1.4.1.
B.1.5.4.2
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.  (Although the main metric in the NFWOTF setup is TRP, the EIRP measurement is also required considering the TRP test procedure optimization, which is the reason why the quality of quiet zone for EIRP measurement needs to be evaluated in the NFWOTF setup. )
B.1.5.4.3
Mismatch 

Same as in B.1.1.4.4.
B.1.5.4.4
Uncertainty of the RF power measurement equipment
Same as in B.1.1.4.6.
B.1.5.4.5
Amplifier uncertainties 

Same as in B.1.1.4.8.
B.1.5.4.6
Random uncertainty
Same as in B.1.1.4.9.
B.1.5.4.7
Influence of the XPD 

Same as in B.1.1.4.10.
B.1.5.4.8
Probe Pattern Effect
This contribution is included in the quality of quiet zone in B.1.5.4.2.
B.1.5.4.9
Multiple Reflections: Coupling Measurement Antenna and DUT
The multiple reflections occur when a portion of the transmitted signal is reflected from the receiving antenna back to the transmitting antenna and re-reflected by the transmitting antenna back to the receiving antenna. This uncertainty can be determined by multiple measurements of the DUT when at different distance from the probes. This uncertainty is assumed to have a normal distribution.
B.1.5.4.10

Noise floor
When signal power is measured with a certain level of noise floor, the measured power should have the offset as much as the following equation. For the estimation of the signal power level, it would be necessary to take account of the mean signal level drop caused by the measurement-antenna radiation pattern and DUT offset from the centre of rotation, as the incidence directions from possible signal sources may not be parallel one another in the radiative near-field measurement, in other words, the signal to be measured may not be a plane wave.
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B.1.5.4.11

Reference antenna positioning misalignment
This contribution originates from reference antenna alignment and pointing error. However, as the position of the reference antenna could be precise enough, this MU term would be negligible for TRP measurements.
B.1.5.4.12

Quality of quiet zone for calibration process 

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. As the position of the reference antenna could be precise enough, any additional MU terms caused by the measurement-antenna radiation pattern would not be included in the calibration stage.
B.1.5.4.13

Reference antenna feed cable loss measurement uncertainty
Same as in B.1.1.4.13.
B.1.5.4.14

Uncertainty of the radiation efficiency of the calibration antenna
Since the antenna gain of a calibration antenna in the radiative near-field may not be known, the radiation power calculated by the power fed to the calibration antenna and its radiation efficiency shall be used as the ideal TRP power to be measured over-the-air. So the uncertainty of the radiation efficiency should be one of the MU elements in the NFWOTF setup.
< Unchanged section omitted >
Annex F:
Rationale behind NFWOTF method
F.1
NFWOTF method – working principle

As long as TRP measurements are concerned, the measurements can be performed in the radiative near-field region ( outside the reactive near-field region ), because the total radiated power through the whole sphere area does not depend on the distance between the DUT and the measurement antenna. However, due to the fact that the radiation wave is not plane in the radiative near-field region, the concept of “probe compensation”  would be useful to improve the MUs, which compensates the impact of the radiation pattern of the measurement antenna.  For more information, refer to 10.2.2.5 of TR38.803 [8].
F.2
NFWOTF method – probe compensation

Due to the fact that the radiation wave is not plane in the radiative near-field region, the concept of “probe compensation” would be useful to improve the MUs, which compensates the impact of the radiation pattern of the measurement antenna.

Here, for the simplicity of the discussion, the signal sources on a DUT are assumed to be composed of multiple small signal sources emitting independent signals omni-directionally with an equal EIRP power (=EIRP0) so that the power density difference depending on the positions within the DUT can be expressed by the signal-source densities. As shown in Figure 2.4.1, the number of the small signal sources is supposed to be M (m = 0 to M-1) and the number of the measurement antenna positions is supposed to be N (n = 0 to N-1). The area size corresponding to the n-th measurement antenna position is denoted as [image: image29.png]


. The gain of the measurement antenna at the n-th position towards the line-of-sight link with the m-th small signal source is denoted as GMeas(n,m) [dB].

The TRP w.r.t. the m-th small signal source can be calculated as :

[image: image30.png]



and the TRP w.r.t. all the M small signal sources can be calculated as :
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The TRP value to be measured at a far-field distance can be written as :
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and the ratio between [image: image33.png]TRP.pear
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 is defined as [image: image35.png]Crgp



.
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In short, TRP values measured at the radiative near-field would be as small as [image: image37.png]1/@rge



-times of the far-field-measured TRP (in linear power) due to the measurement-antenna radiation pattern, so the radiative-near-field-measured TRP can be adjusted by multiplying [image: image38.png]Crgp



 in linear ( or by adding [image: image39.png]10 - logs o (args)



 in dB ) as the process of “Probe compensation”. It is necessary to note here that all the powers discussed here are the ones within a frequency bandwidth where the measurement-antenna-gain characteristics can be assumed to be constant. 
[image: image40]
Figure 2.4.1  Arrangement model of signal sources and the measurement antenna
One idea to derive the compensation factor is to firstly estimate the value of the possible-worst-case ([image: image41.png]e —



) and to determine the probe compensation factor ([image: image42.png]@rza (probeomp)



) as the following equation.
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By applying this probe compensation, the original uncertainty range shall be changed to the compensated uncertainty range as below.

· Original uncertainty range          
: [image: image44.png]—10 - luglo(ﬂmp(warst)) ~0




· Compensated uncertainty range
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Considering that the level fluctuation would be moderate when averaging antenna-gains at multiple points and that the main reason to have a value of [image: image46.png]1/@rge



 less than 1 is that the antenna gain at off-center angle is lower than the gain at the center of the beam, we should have the worst deviation ([image: image47.png]1/ @rpp(worst)



) in the case where the signal source is a point source and it radiates a beam with a possible-narrowest beam towards the lowest measurement-antenna-gain direction.

For TRP test procedure optimization, it also should be necessary to apply “probe compensation” to the EIRP measurements in the radiative near-field. The biggest deviation of the EIRP-measurement levels due to the radiation pattern of the measurement antenna can be calculated as the ratio between the minimum and the maximum measurement antenna gain.
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Here, the notations “min( )” and “max( )” are the operators to find the maximum and the minimum antenna gain respectively among the ones at all the combinations of the line-of-sight links between the m-th (m = 0 to M-1) signal source within the quiet zone and the n-th (n = 0 to N-1) position of the measurement antenna. In the same way as the discussion for the TRP compensation factor, one way to determine the EIRP compensation factor is to apply the worst case compensation factor to the following equation.
[image: image49.png]@errp(proboomp) = +/@zimpworst)




By applying this probe compensation, the original uncertainty range shall be changed to the compensated uncertainty range as below.

· Original uncertainty range          
: [image: image50.png]—10 - lnglo(ﬂzzmp(wurst)) ~0




· Compensated uncertainty range  
: [image: image51.png]—0.5x10- lDHm(“EmP(wurs:)) ~0.5x10- ngm(“EmP(wurst))




--------------------------------------END OF PROPOSAL--------------------------------------
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Appendix A
A.1  Detailed Explanation about the Estimated MU-value Change by Revision
Before and after the revision, the MU values in Table B.1.5.3-1  have been changed. Especially, the estimation of the quality of quiet zone has been changed as greatly as you may feel it doubtful whether the estimated values are trustful or not.  So it is explained here why the estimation of the quality of quiet zone has been changed a lot.
Before the revision, the assumed distance between the centre of the rotation and the measurement antenna was 0.102[m], which is the distance as short as possible[4]. At that time, we thought that it would be primarily important to decrease the path-loss in low-PSD scenarios. But we noticed later that the main root cause of bad quality of quiet zone was the effect of the DUT offset from the centre of the rotation. So we have changed the assumed distance between the centre of the rotation and the measurement antenna to 0.225[m] to decrease the uncertainty and revised the document.
The quality of the quiet zone for the DUT measurement stage was calculated as RSS between the one for the anechoic chamber effects (0.8dB), which can be considered equivalent one in the DFF (Direct Far-Field) measurement setup with White-box assumption, and the effects of the DUT offset from the centre of the rotation taking account of the measurement-antenna radiation pattern and the path-loss. The effects of the DUT offset from the centre of the rotation have been simulated assuming the following conditions.

· The signal sources are assumed to be omni-directional and be placed within a square area just fit into the quiet-zone circle (the quiet-zone circle here means the circle created by cutting the quiet-zone sphere by a plane crossing the centre of the rotation) as shown in Figure A.1.1. 
· The radiation pattern of the measurement antenna, which is here assumed to be a horn antenna, and the path-loss were calculated by the Huygens’ principle. The calculated radiation patterns are shown in Figure A.1.2. The mechanical dimensions of the horn antenna are as shown in the 43.5GHz line of Table A.1.1 of [4]. ( The frequency is assumed to be 43.5GHz here. )
· The measurement grid for EIRP and TRP measurements was 15-degree constant step grid.
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Under the simulation conditions above, the effects of the DUT offset from the centre of the rotation have been calculated as the difference between the EIRP/TRP measurement values for each of the AUT-antenna positions in Figure A.1.1 and the ones with the AUT-antenna placed at the centre of the rotation. The histograms of the simulation results are shown in Figure A.1.3 and Figure A.1.4 for EIRP and TRP respectively. Here, the vertical axis of the histogram in Figure A.1.3 is the weighted count, which means that the histogram count was weighted with the area size representing the corresponding measurement grid point. Based on these histograms, the standard deviations and mean values of the EIRP/TRP deviation are calculated as shown in Table A.1.1 and Table A.1.2. Using these standard deviations, the values of quality of the quiet zone were calculated as below.
· Before the revision:

· TRP 
: [image: image52.png]V2.24% + 0.802 = 2.87




· EIRP
: [image: image53.png]V4.48% +0.802 = 4.83




· After the revision:

· TRP 
: [image: image54.png]v0.5512 + 0.80% = 0.97




· EIRP
: [image: image55.png]V1.2522 + 0.80% = 1.49
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Table A.1.1  Standard deviations and mean values of the EIRP/TRP deviation for the 0.102m case
	
	Standard deviation [dB]
	Mean [dB]

	EIRP
	4.485
	-5.349

	TRP
	2.242
	-3.989


Table A.1.2  Standard deviations and mean values of the EIRP/TRP deviation for the 0.225m case

	
	Standard deviation [dB]
	Mean [dB]

	EIRP
	1.252
	-1.048

	TRP
	0.551
	-0.897
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Figure A.1.1   DUT-antenna placement on the rectangular area





Blue     	: H-plane at 0.225m


Red      	: E-plane at 0.225m


Green   	: H-plane at 0.102m


Orange 	: E-plane at 0.102m





Figure A.1.2   Radiation patterns of the measurement antenna
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The yellow and green area represents the radiation pattern range used for the measurement at 0.102m and 0.225m respectively. 
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Figure A.1.3   Histogram showing the effect of the DUT offset from the centre of the rotation in EIRP measurement
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Figure A.1.4   Histogram showing the effect of the DUT offset from the centre of the rotation in TRP measurement
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