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10
Conformance testing aspects
10.1
OTA conformance testing framework

10.1.1
General

OTA conformance testing framework for the directional and TRP test requirements was compiled based on the one defined for Rel-13 AAS in TR 37.842 [4], sub-clause 10.1.2. The eAAS OTA conformance testing framework considers additional aspects of the TRP measurements, e.g. sampling grid, additional MU contributors.

The OTA conformance testing framework for the directional and TRP test requirements is defined as follows:
For directional requirements, testing using the narrowest declared beamwidth [in a single direction] is sufficient for demonstrating conformance, except for the case of EVM in which case testing should be performed in all conformance directions of the OTA coverage range.
{editors note: to be completed as part of conformance work}

10.1.2
Uncertainty budget calculation principle

The uncertainty budget calculation principles for estimation of the combined uncertainty for directional requirements was already defined in Rel-13 AAS WI in TR 37.842 [4].

The uncertainty budget calculation principle for directional and TRP requirements, with the division for transmitted and receiver requirements is expected to be required for eAAS WI. Details on the uncertainty budget calculation principles are {editors note: to be completed as part of conformance work}.

10.2
Measurement uncertainty for TX directional requirements

10.2.1
General

For the derivation of the measurement uncertainty for direction requirements, the approach already defined in the TR 37.842 [4] should be reused as much as possible.
Tx directional requirements where possible can use the same OTA test chambers and corresponding calibration and test procedures as the existing EIRP accuracy requirement. Most TX directional requirements are based upon the EIRP test procedures in TR 37.842 [4] where specific test models are referenced.  However, for simplicity since requirements here do not all use the same test model the procedures have been kept general by using “transmitting test signal” where the appropriate test model is found in TS 37.105 [3]

Most TX directional requirements require demodulation of the transmitted signal using the “global in channel TX test” described in Annex F of TS 36.141. As such the measurement equipment MU varies from the MU of the measurement equipment used for the EIRP accuracy requirement defined in TR 37.842 [4]. 

Some requirements are differential and hence many of the calibration and OTA measurement uncertainties may cancel. These are investigated on a case by case basis.
10.2.2
EIRP accuracy
10.2.2.1    General

The EIRP accuracy uncertainty budget was re-assessed and adjusted slightly according as detailed in the following tables. Only the MU budget for the CATR is shown as it is this MU that determines the agreed MU and TT.
10.2.2.2    CATR

10.2.2.2.1  MU assessment

10.2.2.2.1.1 MU budget
Table 10.2.2.3.1.1-1: CATR uncertainty budget format for EIRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	3
	Standing wave between DUT and test range antenna
	B2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	5
	QZ ripple DUT
	B2-5

	19
	Miscellaneous uncertainty
	B2-14

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	10
	Influence of the calibration antenna feed cable:

a)
Flexing cables, adapters, attenuators, connector repeatability
	B2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	E

	12
	Misalignment positioning system
	B2-11

	13
	Misalignment of calibration antenna and test range antenna
	B2-1

	14
	Rotary Joints
	B2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	B2-3

	16
	Quality of quiet zone
	B2-5

	20
	Switching uncertainty
	B2-15


10.2.2.3.2.2  MU value
	EIRP uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]
	Standard uncertainty ui [dB]

	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2 GHz
	
	
	
	f ≦ 3GHz
	3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	0
	0
	Exp. normal
	2
	1 
	0
	0

	2
	 
	0.14
	0.26
	 Gaussian
	1
	 1
	0,14
	0,26

	
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	
	
	
	
	
	
	

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0,15
	0,15

	4
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0,0012
	0,0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0,0928
	0,0928

	23
	Frequency flatness
	0,25
	0,25
	Normal
	1
	1
	0,25
	0,25

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0,13
	0,2

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0,09
	0,23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0,1
	0,1

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0,0012
	0,0012

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0,015
	0,015

	11
	SGH Calibration uncertainty
	0.50
	0.433
	Rectangular
	√3
	1
	0,29
	0,25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0,25
	0,25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0,034
	0,034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0,06
	0,06

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0,009
	0,009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0,15
	0,15
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Combined standard uncertainty (1σ) [dB]


	0,568
	0,646
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Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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------------- Next changed section -------------
10.4  
Measurement uncertainty for In-band TRP requirements

10.4.1
OTA Base station output power requirement

10.4.1.1
General
{editors note: general description of the test requirement placed here – non chamber specific}
10.4.1.2
In-door anechoic chamber

10.4.1.2.1
General
This method measures the base station output power in an anechoic chamber with the separation between the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the receiving antenna of no less than 2D2/λ, where D is the largest dimension of the antenna of AAS BS and λ is the wavelength. The measurement system setup is as depicted in the figure 10.4.1.2.1-1.
NOTE: Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based on errors under far-filed conditions. If far-filed conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
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Figure 10.4.1.2.1-1: In-door Anechoic Chamber measurement system setup for OTA base station output power.
10.4.1.2.2
Calibration

Calibration shall be done with the procedure shown in 10.2.2.2.2.
10.4.1.2.3 
Procedure

1)
Uninstall the reference antenna and install the AAS BS with the manufacturer declared coordinate system reference point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system orientation of the AAS BS is set to be aligned with the testing system.
2)
Rotate the AAS BS to make the testing direction aligned with the direction of the receiving antenna.

3)
Set the AAS BS to transmit the test signal at the maximum power according to the appropriate test model 
4)
Measure the appropriate test parameter.
5)
Repeat the above steps 3)~5) at a number of discrete directions around the sphere according to the chosen measurement grid, see subclause (or annex) XX.
6)
Calculate TRPs from EIRP, as shown in [annex X].
The appropriate test parameter in step 5 is PR_AAS_desired, D, measured mean power within the desired signal chanel bandwidth for each carrier arriving at the measurement equipment connector at D in figure 10.4.1.2.1-1, and  calculation of EIRP EIRPd using the follwing equiation:


EIRPd = PR_AAS_desired, D+ LTX_cal, A→D
NOTE: If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the AAS BS, then measure and sum the EIRP on both polarizations. If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations and calculate total radiated transmit power as the sum over both polarizations.
10.4.1.2.4 
MU assessment 

10.4.1.2.4.1 
MU Budget

10.4.1.2.4.1 
MU Budget

Table 10.4.1.2.4.1-1: In-door Anechoic Chamber uncertainty assessment condition for OTA BS output power EIRP measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	

	3
	Quality of quiet zone
	

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	

	5
	Mutual coupling between the AAS BS and the receiving antenna
	

	6
	Phase curvature
	

	7
	Uncertainty of the RF power measurement equipment
	

	8
	Impedance mismatch in the receiving chain
	

	9
	Random uncertainty
	

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	

	12
	Impedance mismatch between the reference antenna and the network analyzer
	

	13
	Quality of quiet zone
	

	14
	Polarization mismatch for reference antenna
	

	15
	Mutual coupling between the reference antenna and the receiving antenna
	

	16
	Phase curvature 
	

	17
	Uncertainty of the Network Analyzer
	

	18
	Influence of the reference antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	19
	Reference antenna feed cable loss measurement uncertainty
	

	20
	Influence of the receiving antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	21
	Uncertainty of the absolute gain of the reference antenna
	

	22
	Uncertainty of the absolute gain of the receiving antenna
	


10.4.1.2.4.2 
MU Value

Table 10.4.1.2.4.2-1: 
Indoor Anechoic Chamber uncertainty assessment for EIRP measurement of OTA base station output power
	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz < f ≦ 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	0.03
	Rectangular
	√3
	1
	0.02
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0.3
	0.3
	Rectangular
	√3
	1
	0.17
	0.17

	3
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	
	0.05
	0.05

	7
	Uncertainty of the RF Power Measurement Equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	8
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	√2
	1
	0.10
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	13
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	14
	Polarization mismatch for reference antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.20
	Gaussian
	1
	1
	0.13
	0.20

	18
	Influence of the reference antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06
	0.06
	Gaussian
	1
	1
	0.06
	0.06

	20
	Influence of the receiving antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	21
	Uncertainty of the absolute gain of the reference antenna
	0.5
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	22
	Uncertainty of the absolute gain of the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	Combined standard uncertainty (1σ) [dB]

[image: image2.wmf]å

=

=

m

i

i

i

c

u

c

u

1

2

2


	0.44
	0.54

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

[image: image3.wmf]c

e

u

u

96

.

1

=


	0.87
	1.06


The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 1,1 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 1,3dB





10.4.1.3
CATR
10.4.1.3.1
General

The Compact Antenna Test Range (CATR) uses the DUT which radiates a wave front to a range antenna reflector which will then collimate the radiated spherical wave front into a feed antenna.  The sufficient separation between the DUT and the receiver (feed antenna shown in figure 10.4.1.3.1-1) so that the emanating spherical wave reaches nearly plane phase fronts from transmitter to receiver. The DUT transmits a wave front that will illuminate the range antenna reflector, which will then reflect the transmitted energy into the feed antenna.  The range feed antenna is connected to a vector network analyzer or other equivalent test equipment.
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Figure 10.4.1.3.1-1: CATR measurement system setup for OTA BS output power
Test Method limitations and scope

The maximum size of the DUT is a chamber restriction that would affect the quality of the quiet zone. For larger DUT sizes larger size chambers should be considered such that the uncertainty of the quiet zone is taken into account.

10.4.1.3.2 
Calibration

[Note: This stage may be omitted provided calibration stage has been performed already during output power measurement]

Calibration should be carried out using the same procedure as in 10.2.2.3.2.
10.4.1.3.3 
Procedure

1)
Set up AAS BS in place of SGH from calibration stage.  Align the coordinates system of the DUT with that of the test system.

2)
Set the AAS BS to transmit the test signal at the maximum power according to the appropriate test model Measure the appropriate test parameter 

3)
Rotate the AAS BS to make the testing direction aligned with the direction of the receiving antenna.

5)
Measure the appropriate test parameter.

6)
Repeat the above steps 3)~5) at a number of discrete directions around the sphere according to the chosen measurement grid, see subclause (or annex) XX.

7)
Calculate TRPs from power density, as shown in [annex X].

The appropriate test parameter in step 5 is PR_AAS_desired, B, measured mean power within the desired signal chanel bandwidth for each carrier arriving at the measurement equipment connector B in figure 10.4.1.3.1-1, and  calculation of power powerd using the follwing equiation:


PowerD = PR_AAS_desired, B+ LTX_cal, A→B
NOTE: If the test facility only supports single polarization, then measure power with the test facility's test antenna/probe polarization matched to the AAS BS, then measure and sum the power on both polarizations. If the test facility supports dual polarization then measure total power for two orthogonal polarizations and calculate total radiated transmit power as the sum over both polarizations.
10.4.1.3.4 
MU assessment 10.4.1.3.4.1 
MU Budget

Table 10.4.1.3.4.1-1: Compact antenna test range uncertainty contributions for OTA Base station output power measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	3
	Standing wave between DUT and test range antenna
	B2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	5
	QZ ripple DUT
	B2-5

	19
	Miscellaneous uncertainty
	B2-14

	
	Test system frequency flatness
	[TBD]

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	10
	Influence of the calibration antenna feed cable:

a)
Flexing cables, adapters, attenuators, connector repeatability
	B2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	E

	12
	Misalignment positioning system
	B2-11

	13
	Misalignment of calibration antenna and test range antenna
	B2-1

	14
	Rotary Joints
	B2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	B2-3

	16
	Quality of quiet zone
	B2-5

	20
	Switching uncertainty
	B2-15


10.4.1.3.4.2 
MU Value

Table 10.4.1.3.4.2-1: Compact antenna test range uncertainty assessment for OTA Base station output power measurement
	

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	 Gaussian
	1
	 1
	0.14
	0.26

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	4
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	11
	SGH Calibration uncertainty
	0.50
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06  
	0.06  

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
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0.594
	0.669

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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	1.31



The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 1,4 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 1,5dB
10.4.1.4
Near Field 
10.4.1.4.1
General
The system is depicted in section 10.2.2.4.1. In case of OTA Base Station output power measurements, NF to FF transform is not needed since TRP is computed based on power density measured in Near Field by sampling properly the declared beam.

10.4.1.4.2
Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in section 10.2.2.4.2 
10.4.1.4.3 
Procedure
Stage 2 - Measurement:
The testing procedure consists of the following steps:
1) Configure the beam of the AAS BS according to the required conditions for the TRP test

2) Set the AAS BS to transmit the test signal at the maximum power according to the appropriate test model e.g. E-TM1.1. 

3) Measure the power density at a number of points (Theta;Phi) in the beam according to the chosen measurement grid. Refer to Annex X for details about measurement grids for TRP measurements

4) Calculate TRP from the measured power density as in Annex X

10.4.1.4.4 
MU assessment 
10.4.1.4.4.1 
MU Budget
Table 10.4.1.4.4.1-1: Near field test range uncertainty contributors in power density pattern measurement

	UID
	Description of uncertainty contribution
	Details in annex

	
	Stage 2: Near Field AAS power density pattern measurement

	1
	Axes Intersection
	B4-1

	2
	Axes Orthogonality
	B4-2

	3
	Horizontal Pointing
	B4-3

	4
	Probe Vertical Position
	B4-4

	5
	Probe H/V pointing
	B4-5

	6
	Measurement Distance
	B4-6

	7
	Amplitude and Phase Drift
	B4-7

	8
	Amplitude and Phase Noise
	B4-8

	9
	Leakage and Crosstalk
	B4-9

	10
	Amplitude Non-Linearity
	B4-10

	11
	Amplitude and Phase Shift in rotary joints
	B4-11

	12
	Channel Balance Amplitude and Phase
	B4-12

	13
	Probe Polarization Amplitude and Phase
	B4-13

	14
	Probe Pattern Knowledge
	B4-14

	15
	Multiple Reflections
	B4-15

	16
	Room Scattering
	B4-16

	17
	DUT support Scattering
	B4-17

	18
	Positioning
	B4-21

	19
	Probe Array Uniformity
	B4-22

	20
	Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
	B4-23

	21
	Insertion loss of receiver chain
	B4-24

	22
	Uncertainty of the absolute gain of the probe antenna
	B4-25

	23
	Measurement Equipment (spectrum Analyzer)
	E

	24
	Measurement repeatability - Positioning Repeatability
	B4-27

	25
	Test System Frequency Flatness
	X

	
	Stage 1: Calibration measurement

	26
	Uncertainty of network analyser
	E

	27
	Mismatch of receiver chain
	B4-29

	28
	Insertion loss of receiver chain
	B4-30

	29
	Mismatch in the connection of the calibration antenna
	B4-31

	30
	Influence of the calibration antenna feed cable
	B4-32

	31
	Influence of the probe antenna cable
	B4-33

	32
	Uncertainty of the absolute gain of the calibration antenna
	E

	33
	Short term repeatability
	B4-35


Note: Refer to TR 37.842 for description of each uncertainty term

10.4.1.4.4.2 
MU Value
Table 10.4.1.4.4.2-1: Near field test range uncertainty assessment for power density pattern measurement

	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	 ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui  [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Axes Intersection
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	2
	Axes Orthogonality
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	3
	Horizontal Pointing
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	4
	Probe Vertical Position
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	5
	Probe H/V pointing
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	6
	Measurement Distance
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	7
	Amplitude and Phase Drift
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	8
	Amplitude and Phase Noise
	0.02
	0.02
	Gaussian
	1.00
	1
	0.02
	0.02

	9
	Leakage and Crosstalk
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	10
	Amplitude Non-Linearity
	0.04
	0.04
	Gaussian
	1.00
	1
	0.04
	0.04

	11
	Amplitude and Phase Shift in rotary joints
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	12
	Channel Balance Amplitude and Phase
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	13
	Probe Polarization Amplitude and Phase
	0.0001
	0.0001
	Gaussian
	1.00
	1
	0.00
	0.00

	14
	Probe Pattern Knowledge
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	15
	Multiple Reflections
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	16
	Room Scattering
	0.09
	0.09
	Gaussian
	1.00
	1
	0.09
	0.09

	17
	DUT support Scattering
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	18
	Positioning
	0.03
	0.03
	Rectangular
	1.73
	1
	0.02
	0.02

	19
	Probe Array Uniformity
	0.055
	0.055
	Gaussian
	1.00
	1
	0.06
	0.06

	20
	Mismatch of receiver chain 
	0.284
	0.284
	U-Shaped
	1.41
	1
	0.20
	0.20

	21
	Insertion loss of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	22
	Uncertainty of the absolute gain of the probe antenna
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	23
	Measurement Equipment (Spectrum Analyzer)
	0.41
	0.56
	Gaussian
	1.00
	1
	0.41
	0.56

	24
	Measurement repeatability - positioning repeatability
	0.15
	0.15
	Gaussian
	1.00
	1
	0.15
	0.15

	25
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1.00
	1
	[0.25]
	[0.25]

	Stage 1: Calibration measurement

	26
	Network analyzer
	0.13
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20

	27
	Mismatch of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	28
	Insertion loss of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	29
	Mismatch in the connection of the calibration antenna
	0.02
	0.02
	U-Shaped
	1.41
	1
	0.01
	0.01

	30
	Influence of the calibration antenna feed cable
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	31
	Influence of the probe antenna cable
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	32
	Reference antenna
	0.50
	0.25
	Rectangular
	1.73
	1
	0.29
	0.25

	33
	Short term repeatability
	0.088
	0.088
	Gaussian
	1.00
	1
	0.09
	0.09

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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MU for OTA BS Output Power is the RSS of MU per point measurement (table 10.4.1.4.4.2-1) and TRP systematic error (Annex X):
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For OTA BS Output Power measured in Near Field setup the MU is:
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10.4.1.x
Summary
Table 10.4.1.x-1: Test system specific measurement uncertainty values for the OTA BS output power test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,1
	1,3

	Compact Antenna Test Range
	1,4
	1,5

	Near Field chamber
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	1.4
	1.5



10.4.2 
OTA Adjacent channel leakage power ratio
10.4.2.1
General
10.4.2.2
In-door anechoic chamber

10.4.2.2.1
General
This method measures the ACLR in an anechoic chamber with the separation between the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the receiving antenna of no less than 2D2/λ, where D is the largest dimension of the antenna of AAS BS and λ is the wavelength. The measurement system setup is as depected in the figure 10.2.2.2.1-1.
NOTE: Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based on errors under far-filed conditions. If far-filed conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
10.4.2.2.2
Calibration

Calibration shall be done with the procedure shown in 10.2.2.2.2.
Calibration shall be performed individually for both the wanted signal and adjacent channel frequencies.

10.4.2.2.3 
Procedure

Reference procedure in subclause 10.4.1.2.3.

The appropriate paramters in step 5 are:

PR_AAS_desired, D: Measured mean power within the desired signal channel bandwidth for each carrier at the measurement equipment connector at D in figure 10.2.2.2.1-1.

PR_AAS_emission, D: Measured mean emission power in the neighbouring channel bandwidth for each carrier at the measurement equipment connector at D in figure 10.2.2.2.1-1.

Calculation of Powers Powerd and Powere using follwing fomula:


Powerd = PR_AAS_desired, D+ LTX_cal, A→D

Powere = PR_AAS_emission, D+ LTX_cal, A→D
After calculation of TRP from Power as shown in [annex X], calculate ACLR.
10.4.2.2.4 
MU assessment 

10.4.2.2.4.1 
MU Budget

Table 10.4.2.2.4.1-1: In-door anechoic chamber uncertainty assessment condition for OTA ACLR EIRP measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	

	3
	Quality of quiet zone
	

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	

	5
	Mutual coupling between the AAS BS and the receiving antenna
	

	6
	Phase curvature
	

	7
	Uncertainty of the RF power measurement equipment
	

	8
	Impedance mismatch in the receiving chain
	

	9
	Random uncertainty
	

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	

	12
	Impedance mismatch between the reference antenna and the network analyzer
	

	13
	Quality of quiet zone
	

	14
	Polarization mismatch for reference antenna
	

	15
	Mutual coupling between the reference antenna and the receiving antenna
	

	16
	Phase curvature 
	

	17
	Uncertainty of the Network Analyzer
	

	18
	Influence of the reference antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	19
	Reference antenna feed cable loss measurement uncertainty
	

	20
	Influence of the receiving antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	21
	Uncertainty of the absolute gain of the reference antenna
	

	22
	Uncertainty of the absolute gain of the receiving antenna
	


10.4.2.2.4.2 
MU Value
Table 10.4.2.2.4.2-1: In-door anechoic chamber uncertainty assessment for OTA BS ACLR EIRP measurement
	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz < f ≦ 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	0.03
	Rectangular
	√3
	1
	0.02
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0.3
	0.3
	Rectangular
	√3
	1
	0.17
	0.17

	3
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	
	0.05
	0.05

	7
	Uncertainty of the RF Power Measurement Equipment
	[0.14]
	[0.26]
	[Gaussian]
	[1]
	[1]
	[0.14]
	[0.26]

	8
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	√2
	1
	0.10
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	13
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	14
	Polarization mismatch for reference antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.20
	Gaussian
	1
	1
	0.13
	0.20

	18
	Influence of the reference antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06
	0.06
	Gaussian
	1
	1
	0.06
	0.06

	20
	Influence of the receiving antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	21
	Uncertainty of the absolute gain of the reference antenna
	0.5
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	22
	Uncertainty of the absolute gain of the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 1,1 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 1,3dB
10.4.2.3
CATR

10.4.2.3.1
General
The CATR is described in section 10.4.1.3.1.
10.4.2.3.2 
Calibration

 [Note: This stage may be omitted provided calibration stage has been performed already during output power measurement]
Calibration of the CATR test setup should be carried out in the same manner as described for the EVM procedure in subclause 10.2.5.3.2.
10.4.2.3.3 
Procedure

Stage 2 - Measurement:

1)
Align DUT with boresight of the range antenna.

2)
Configure carrier at a power level according to the manufacturer's declared rated output power and test configuration.
3)
Measure wanted and adjacent channel power for the frequency offsets both side of carrier frequency considering both polarizations of the range antenna. In multiple carrier case only offset frequencies below the lowest and above the offsets highest carrier frequency used shall be measured for ACLR; offsets in between carriers may be subject to CACLR according to the rules in 37.105..
4)
Repeat step 4 for additional points for all necessary points needed for full TRP for the wanted signal and adjancent channel emissions.

5)  Calculate ACLR or CACLR from the wanted signal TRP and the adjacent channel emissions TRP,

The appropriate paramters in step 5 are:

PR_AAS_desired, D: Measured mean power within the desired signal channel bandwidth for each carrier at the measurement equipment connector at D in figure 10.2.2.2.1-1.

PR_AAS_emission, D: Measured mean emission power in the neighbouring channel bandwidth for each carrier at the measurement equipment connector at D in figure 10.2.2.2.1-1.

Calculation of Powers Powerd and Powere using follwing fomula:


Powerd = PR_AAS_desired, D+ LTX_cal, A→D

Powere = PR_AAS_emission, D+ LTX_cal, A→D
After calculation of TRP from power as shown in [annex X], calculate ACLR.
10.4.2.3.4 
MU assessment 

10.4.2.3.4.1 
MU Budget
Table 10.4.2.3.4.1-1: Compact antenna test range uncertainty contributions for absolute ACLR measurement

	UID
	Description of uncertainty contribution
	Details in annex 

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	3
	Standing wave between DUT and test range antenna
	B2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	5
	QZ ripple DUT
	B2-5

	19
	Miscellaneous uncertainty
	B2-14

	
	Test system frequency flatness
	[TBD]

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	10
	Influence of the calibration antenna feed cable:

a)
Flexing cables, adapters, attenuators, connector repeatability
	B2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	E

	12
	Misalignment positioning system
	B2-11

	13
	Misalignment of calibration antenna and test range antenna
	B2-1

	14
	Rotary Joints
	B2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	B2-3

	16
	Quality of quiet zone
	B2-5

	20
	Switching uncertainty
	B2-15



Table 10.4.2.3.4.1-2: CATR uncertainty budget format for relative ACLR measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	5
	QZ ripple DUT
	B2-5

	
	Test system frequency flatness
	[TBD]

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	17
	Switching uncertainty
	B2-15


10.4.2.3.4.2 
MU Value

Table 10.4.2.3.4.2-1: Compact antenna test range uncertainty assessment for absolute ACLR measurement
	

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	 Gaussian
	1
	 1
	0.14
	0.26

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	4
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	11
	SGH Calibration uncertainty
	0.50
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06  
	0.06  

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 2,2 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 2,7dB
Table 10.4.2.3.4.2-2: CATR uncertainty assessment for relative ACLR measurement

	

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.14
	 Gaussian
	1
	 1
	0.14
	0.14

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
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	0,46

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 1,0 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 1,2dB
10.4.2.4
Summary

Table 10.4.2.4-1: Test system specific measurement uncertainty values for the OTA absolute ACLR
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,1
	1,3

	Compact Antenna Test Range
	2,2
	2,7

	Near Field chamber
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	2,2
	2,7


Table 10.4.2.4-1: Test system specific measurement uncertainty values for the OTA relative ACLR
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	
	

	Compact Antenna Test Range
	1,0
	1,2

	Near Field chamber
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	1,0
	1,2


10.4.2 OTA ACLR
10.4.2.4 Near Field
10.4.2.4.1 Description

The system setup is depicted in section 10.2.2.4.1. In case of OTA ACLR measurement, the NF to FF transform is not needed since ACLR is based on TRP.
10.4.2.4.2 Calibration
Stage 1 – Calibration: 

Calibration shall be done by following the procedure in 10.2.2.4.2.

10.4.2.4.3 Procedure

The procedure for relative ACLR OTA measurement consists of the following steps:
Stage 2 - Measurement:
The testing procedure consists of the following steps:
1. Configure TX branch and carrier according to the required test configuration

2. Measure in Near Field ACLR and CALCR for the frequency offsets both side of carrier frequency for both polarizations. In multiple carrier case only offset frequencies below the lowest and above the offsets highest carrier frequency used shall be measured.

a. Power is measured Near Field – no NF to FF transform is applied to

b. Full sphere power is measured with using a defined sampling grid (refer to Annex X for proper measurement grids)

3. Calculate TRP by using the formula in [2]

10.4.2.4.4
MU assessment

10.4.2.4.4.1
MU Budget
Table
 10.4.2.4.4.1-1: Near field test range uncertainty contributions for absolute ACLR measurement
	UID
	Description of uncertainty contribution
	Details in annex

	
	Stage 2:, EIRP near field radiation pattern measurement and EIRP near field DUT power measurement

	1
	Axes Intersection
	B4-1

	2
	Axes Orthogonality
	B4-2

	3
	Horizontal Pointing
	B4-3

	4
	Probe Vertical Position
	B4-4

	5
	Probe H/V pointing
	B4-5

	6
	Measurement Distance
	B4-6

	7
	Amplitude and Phase Drift
	B4-7

	8
	Amplitude and Phase Noise
	B4-8

	9
	Leakage and Crosstalk
	B4-9

	10
	Amplitude Non-Linearity
	B4-10

	11
	Amplitude and Phase Shift in rotary joints
	B4-11

	12
	Channel Balance Amplitude and Phase
	B4-12

	13
	Probe Polarization Amplitude and Phase
	B4-13

	14
	Probe Pattern Knowledge
	B4-14

	15
	Multiple Reflections
	B4-15

	16
	Room Scattering
	B4-16

	17
	DUT support Scattering
	B4-17

	18
	Positioning
	B4-21

	19
	Probe Array Uniformity
	B4-22

	20
	Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
	B4-23

	21
	Insertion loss of receiver chain
	B4-24

	22
	Uncertainty of the absolute gain of the probe antenna
	B4-25

	23
	MU of TE derived from conducted specification
	E

	24
	Measurement repeatability - Positioning Repeatability
	B4-27

	25
	Test System Frequency Flatness
	X

	
	Stage 1: Calibration measurement

	26
	Uncertainty of network analyser
	E

	27
	Mismatch of receiver chain
	B4-29

	28
	Insertion loss of receiver chain
	B4-30

	29
	Mismatch in the connection of the calibration antenna
	B4-31

	30
	Influence of the calibration antenna feed cable
	B4-32

	31
	Influence of the probe antenna cable
	B4-33

	32
	Uncertainty of the absolute gain of the calibration antenna
	E

	33
	Short term repeatability
	B4-35


10.4.2.4.4.2
MU Value
	Table
 10.4.2.4.4.2-2: Near Field uncertainty assessment for relative ACLR measurementUID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	 ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui  [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Axes Intersection
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	2
	Axes Orthogonality
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	3
	Horizontal Pointing
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	4
	Probe Vertical Position
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	5
	Probe H/V pointing
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	6
	Measurement Distance
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	7
	Amplitude and Phase Drift
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	8
	Amplitude and Phase Noise
	0.02
	0.02
	Gaussian
	1.00
	1
	0.02
	0.02

	9
	Leakage and Crosstalk
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	10
	Amplitude Non-Linearity
	0.04
	0.04
	Gaussian
	1.00
	1
	0.04
	0.04

	11
	Amplitude and Phase Shift in rotary joints
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	12
	Channel Balance Amplitude and Phase
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	13
	Probe Polarization Amplitude and Phase
	0.0001
	0.0001
	Gaussian
	1.00
	1
	0.00
	0.00

	14
	Probe Pattern Knowledge
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	15
	Multiple Reflections
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	16
	Room Scattering
	0.09
	0.09
	Gaussian
	1.00
	1
	0.09
	0.09

	17
	DUT support Scattering
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	18
	Positioning
	0.03
	0.03
	Rectangular
	1.73
	1
	0.02
	0.02

	19
	Probe Array Uniformity
	0.055
	0.055
	Gaussian
	1.00
	1
	0.06
	0.06

	20
	Mismatch of receiver chain 
	0.284
	0.284
	U-Shaped
	1.41
	1
	0.20
	0.20

	21
	Insertion loss of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	22
	Uncertainty of the absolute gain of the probe antenna
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	23
	MU of TE derived from conducted specification
	0.41
	0.56
	Gaussian
	1.00
	1
	0.41
	0.56

	24
	Measurement repeatability - positioning repeatability
	0.15
	0.15
	Gaussian
	1.00
	1
	0.15
	0.15

	25
	Test System Frequency Flatness
	[0.25]
	[0.25]
	Gaussian
	1.00
	1
	[0.25]
	[0.25]

	Stage 1: Calibration measurement

	26
	Network analyzer
	0.13
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20

	27
	Mismatch of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	28
	Insertion loss of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	29
	Mismatch in the connection of the calibration antenna
	0.02
	0.02
	U-Shaped
	1.41
	1
	0.01
	0.01

	  30
	Influence of the calibration antenna feed cable
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	31
	Influence of the probe antenna cable
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	32
	Reference antenna
	0.50
	0.25
	Rectangular
	1.73
	1
	0.29
	0.25

	33
	Short term repeatability
	0.088
	0.088
	Gaussian
	1.00
	1
	0.09
	0.09

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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MU for OTA ACLR is TBD

TRP systematic error is reported in Annex X
10.4.3 
OTA Operating band unwanted emission
10.4.3.1
General
10.4.3.2
In-door anechoic chamber

10.4.3.2.1
General
This method measures the base station output power in an anechoic chamber with the separation between the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the receiving antenna of no less than 2D2/λ, where D is the largest dimension of the antenna of AAS BS and λ is the wavelength. The measurement system setup is as depicted in the figure 10.2.2.2.1-1.
NOTE: Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based on errors under far-filed conditions. If far-filed conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
10.4.3.2.2
Calibration

Calibration shall be done with the procedure shown in 10.2.2.2.2.
Calibration shall be performed individually for each frequency at which unwanted emissions are measured  (This may involve calibration measurement or interpolation between calibration points).

10.4.3.2.3 
Procedure

Reference procedure in subclause 10.4.1.2.3.

The appropriate The appropriate paramters in step 5 is the mean power for OBUE test for each carrier arriving at the measurement equipment connector, denoted by PR_AAS_OBUE, D, and calculation of EIRP EIRPe using follwing fomula:

EIRPe = PR_AAS_OBUE_D+ LTX_cal, A→D
10.4.3.2.4 
MU assessment 

10.4.3.2.4.1 
MU Budget

Table 10.4.3.2.4.1-1: In-door anechoic chamber uncertainty assessment condition for OTA OBUE EIRP measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	

	3
	Quality of quiet zone
	

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	

	5
	Mutual coupling between the AAS BS and the receiving antenna
	

	6
	Phase curvature
	

	7
	Uncertainty of the RF power measurement equipment
	

	8
	Impedance mismatch in the receiving chain
	

	9
	Random uncertainty
	

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	

	12
	Impedance mismatch between the reference antenna and the network analyzer
	

	13
	Quality of quiet zone
	

	14
	Polarization mismatch for reference antenna
	

	15
	Mutual coupling between the reference antenna and the receiving antenna
	

	16
	Phase curvature 
	

	17
	Uncertainty of the Network Analyzer
	

	18
	Influence of the reference antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	19
	Reference antenna feed cable loss measurement uncertainty
	

	20
	Influence of the receiving antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	21
	Uncertainty of the absolute gain of the reference antenna
	

	22
	Uncertainty of the absolute gain of the receiving antenna
	


10.4.3.2.4.2 
MU Value

Table 10.4.3.2.4.2-1: In-door anechoic chamber uncertainty assessment for OTA OBUE EIRP measurement
	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz < f ≦ 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	0.03
	Rectangular
	√3
	1
	0.02
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0.3
	0.3
	Rectangular
	√3
	1
	0.17
	0.17

	3
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	
	0.05
	0.05

	7
	Uncertainty of the RF Power Measurement Equipment
	[0.14]
	[0.26]
	[Gaussian]
	[1]
	[1]
	[0.14]
	[0.26]

	8
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	√2
	1
	0.10
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	13
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	14
	Polarization mismatch for reference antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.20
	Gaussian
	1
	1
	0.13
	0.20


	18
	Influence of the reference antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06
	0.06
	Gaussian
	1
	1
	0.06
	0.06

	20
	Influence of the receiving antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	21
	Uncertainty of the absolute gain of the reference antenna
	0.5
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	22
	Uncertainty of the absolute gain of the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 1,1 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 1,3dB
10.4.3.3
CATR

10.4.3.3.1
General
The CATR is described in subclause 10.4.1.3.1.
10.4.3.3.2 
Calibration
[Note: This stage may be omitted provided calibration stage has been performed already during output power measurement]

Calibration should be carried out using the same procedure as in 10.2.2.3.2.

Calibration shall be performed individually for each frequency at which unwanted emissions are measured. (This may involve calibration measurement or interpolation between calibration points).
10.4.3.3.3 
Procedure
The reference procedure can be found in subclause 10.4.1.3.3.

The appropriate The appropriate parameters in step 5 is the mean power for OBUE test for each carrier arriving at the measurement equipment connector, denoted by PR_AAS_OBUE, B, and calculation of power powere using following formula:

Epowere = PR_AAS_OBUE_B+ LTX_cal, A→B
10.4.3.3.4 
MU assessment 

10.4.3.3.4.1 
MU Budget
Table 10.4.3.3.4.1-1: Compact antenna test range uncertainty contributions for AAS BS OTA operating band unwanted emissions measurement

	UID
	Description of uncertainty contribution
	Details in annex of [1]

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	3
	Standing wave between DUT and test range antenna
	B2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	5
	QZ ripple DUT
	B2-5

	19
	Miscellaneous uncertainty
	B2-14

	
	Test system frequency flatness
	[TBD]

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	10
	Influence of the calibration antenna feed cable:

a)
Flexing cables, adapters, attenuators, connector repeatability
	B2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	E

	12
	Misalignment positioning system
	B2-11

	13
	Misalignment of calibration antenna and test range antenna
	B2-1

	14
	Rotary Joints
	B2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	B2-3

	16
	Quality of quiet zone
	B2-5

	20
	Switching uncertainty
	B2-15


10.4.3.3.4.2 
MU Value

Table 10.4.3.3.4.1-1: Compact antenna test range uncertainty assessment for AAS BS OTA operating band unwanted emissions measurement
	

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	 Gaussian
	1
	 1
	0.14
	0.26

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	4
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	11
	SGH Calibration uncertainty
	0.50
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06  
	0.06  

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 2,2 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 2,7dB
10.4.3.4
Summary

Table 10.4.3.4-1: Test system specific measurement uncertainty values for the OTA absolute ACLR
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,1
	1,3

	Compact Antenna Test Range
	1,8
	2,0

	Near Field chamber
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	1,8
	2,0


10.4.4 
OTA Spectrum emission mask
10.4.4.1
General
10.4.4.2
In-door anechoic chamber

10.4.4.2.1
General
This method measures the base station output power in an anechoic chamber with the separation between the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the receiving antenna of no less than 2D2/λ, where D is the largest dimension of the antenna of AAS BS and λ is the wavelength. The measurement system setup is as depicted in the figure 10.2.2.2.1-1.
NOTE: Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based on errors under far-filed conditions. If far-filed conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
10.4.4.2.2
Calibration

Calibration shall be done with the procedure shown in 10.2.2.2.2.
Calibration shall be performed individually for each frequency at which unwanted emissions are measured. (This may involve calibration measurement or interpolation between calibration points).

10.4.4.2.3 
Procedure

Reference procedure in subclause 10.4.1.2.3.

The appropriate The appropriate paramters in step 5 is the mean power for SEM test at each carrier arriving at the measurement equipment connector, denoted by PR_AAS_SEM, D, and calculation of EIRP EIRPe using follwing fomula:

EIRPe = PR_AAS_SEM_D+ LTX_cal, A→D
10.4.4.2.4 
MU assessment 

10.4.4.2.4.1 
MU Budget

Table 10.4.4.2.4.1-1: In-door anechoic chamber uncertainty assessment condition for OTA SEM EIRP measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	

	3
	Quality of quiet zone
	

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	

	5
	Mutual coupling between the AAS BS and the receiving antenna
	

	6
	Phase curvature
	

	7
	Uncertainty of the RF power measurement equipment
	

	8
	Impedance mismatch in the receiving chain
	

	9
	Random uncertainty
	

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	

	12
	Impedance mismatch between the reference antenna and the network analyzer
	

	13
	Quality of quiet zone
	

	14
	Polarization mismatch for reference antenna
	

	15
	Mutual coupling between the reference antenna and the receiving antenna
	

	16
	Phase curvature 
	

	17
	Uncertainty of the Network Analyzer
	

	18
	Influence of the reference antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	19
	Reference antenna feed cable loss measurement uncertainty
	

	20
	Influence of the receiving antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	21
	Uncertainty of the absolute gain of the reference antenna
	

	22
	Uncertainty of the absolute gain of the receiving antenna
	


10.4.4.2.4.2 
MU Value

Table 10.4.4.2.4.2-1: In-door anechoic chamber uncertainty assessment for OTA SEM EIRP measurement
	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz < f ≦ 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	0.03
	Rectangular
	√3
	1
	0.02
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0.3
	0.3
	Rectangular
	√3
	1
	0.17
	0.17

	3
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	
	0.05
	0.05

	7
	Uncertainty of the RF Power Measurement Equipment
	[0.14]
	[0.26]
	[Gaussian]
	[1]
	[1]
	[0.14]
	[0.26]

	8
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	√2
	1
	0.10
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	13
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	14
	Polarization mismatch for reference antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.20
	Gaussian
	1
	1
	0.13
	0.20

	18
	Influence of the reference antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06
	0.06
	Gaussian
	1
	1
	0.06
	0.06

	20
	Influence of the receiving antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	21
	Uncertainty of the absolute gain of the reference antenna
	0.5
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	22
	Uncertainty of the absolute gain of the receiving antenna
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	Combined standard uncertainty (1σ) [dB]
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	0,493
	0,560

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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	0,966
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The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 1,2 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 1,3dB




10.4.4.3
CATR

10.4.4.3.1
General

The CATR is described in subclause 10.4.1.3.1.
10.4.4.3.2 
Calibration

[Note: This stage may be omitted provided calibration stage has been performed already during output power measurement]

Calibration should be carried out using the same procedure as in 10.2.2.3.2.

Calibration shall be performed individually for each frequency at which unwanted emissions are measured (This may involve calibration measurement or interpolation between calibration points).

10.4.4.3.3 
Procedure

The reference procedure can be found in subclause 10.4.1.3.3.

The appropriate The appropriate paramters in step 5 is the mean power for SEM test at each carrier arriving at the measurement equipment connector, denoted by PR_AAS_SEM, B, and calculation of power powere using follwing fomula:

powere = PR_AAS_SEM_B+ LTX_cal, A→B
10.4.4.3.4 
MU assessment 

10.4.4.3.4.1 
MU Budget
Table 10.4.4.3.4.1-1: Compact antenna test range uncertainty contributions for AAS BS OTA SEM
	UID
	Description of uncertainty contribution
	Details in annex of [1]

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	3
	Standing wave between DUT and test range antenna
	B2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	5
	QZ ripple DUT
	B2-5

	19
	Miscellaneous uncertainty
	B2-14

	
	Test system frequency flatness
	[TBD]

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	10
	Influence of the calibration antenna feed cable:

a)
Flexing cables, adapters, attenuators, connector repeatability
	B2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	E

	12
	Misalignment positioning system
	B2-11

	13
	Misalignment of calibration antenna and test range antenna
	B2-1

	14
	Rotary Joints
	B2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	B2-3

	16
	Quality of quiet zone
	B2-5

	20
	Switching uncertainty
	B2-15


10.4.4.3.4.2 
MU Value
Table 10.4.4.3.4.2-1: Compact antenna test range uncertainty assessment for AAS BS OTA SEM
	

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	 Gaussian
	1
	 1
	0.14
	0.26

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	4
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	11
	SGH Calibration uncertainty
	0.50
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06  
	0.06  

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
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	0,83
	0,93

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The agreed summation error (SE) of 0,75 dB is then root square sum combined wit the per point values to give the following result (with 95% confidence level):

Total uncertainty f ≦ 3GHz (95% confidence level): 2,2 dB

Total uncertainty 3GHz < f ≦ 4.2 GHz (95% confidence level): 2,7dB
10.4.4.4
Summary

Table 10.4.4.4-1: Test system specific measurement uncertainty values for the OTA SEM
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1,2
	1,3

	Compact Antenna Test Range
	1,8
	2,0

	Near Field chamber
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	1,8
	2,0


10.5 
Measurement uncertainty for Out-of-band TRP requirements

{editors note: subclauses below to follow format as per subclause 10.2 }
10.6 
Measurement uncertainty for Co-location requirements

10.6.1  General 

Conformance to co-location requirements is shown using co-location proximity method which is described in 3GPP TS 37.145-2, subclause 4.15 [24].

10.6.2 
OTA transmitter OFF power

10.6.2.1
General
OTA transmitter ON/OFF power requirements apply only to TDD operation of E-UTRA.

The OTA Transmit ON/OFF power requirements are co-location requirements and specified as the power sum of the supported polarization(s) at the co-location reference antenna conducted output(s).
10.6.2.2
In-door anechoic chamber

10.6.2.2.1
General

This method measures the OTA transmitter OFF power in an anechoic chamber
10.6.2.2.2
Calibration

See sub-clause 10.6.2.3.2.
10.6.2.2.3 
Procedure

See sub-clause 10.6.2.3.3.

10.6.2.2.4 
MU assessment 

10.6.2.2.4.1 
MU Budget

10.6.2.2.4.2 
MU Value

10.6.2.3
CATR
10.6.2.3.1
General

This method measures the OTA transmitter OFF power in a compact antenna test range chamber.
10.6.2.3.2
Calibration

Calibration for wanted signal power level is the same as in subclause 10.2.2.2.2. 

Additionally, the losses in the signal chain between [co-location reference antenna] conducted output(s) and measurement equipment need to be calibrated out:

1) Path loss calibration 
a) Measure the loss in signal chain from each output of [co-location reference antenna] to input of measurement equipment, call this L ANT↔C which is the equivalent of 20log|S21| from the use of a network analyser.
10.6.2.3.3 
Procedure

1) Place AAS BS and [co-location reference antenna] as specified in subclause 4.15, 3GPP TS 37.145-2 [24].  
2) Place Range antenna in boresight direction (reference direction) at far-field distance, aligned in both polarizations with the AAS BS. 

3) The Range antenna shall be dual (or single) polarized with the same frequency range as the AAS BS for transmitter OFF power test case.

4) Connect Range antenna and [co-location reference antenna] to the measurement equipment.
5) OTA transmitter OFF power is measured at the [co-location reference antenna] conducted output(s). 
6) The measurement device (signal analyser) characteristics shall be:
-  Detection mode: True RMS.

7) Set the AAS BS to transmit:
-
For AAS BS declared to be capable of single carrier operation only, set the AAS BS to transmit full beam power (rated beam EIRP), both polarizations, in boresight direction (reference direction), at manufacturer's declared rated output power, Prated,t,TRP.

-
For AAS BS declared to be capable of multi-carrier and/or CA operation, set the AAS BS to transmit full beam power (rated beam EIRP), both polarizations, in boresight direction (reference direction) on all carriers configured using the applicable test configuration and corresponding power setting.
-
Check that specified beam power (EIRP) is obtained at Range antenna RF output(s) (conducted side) for each polarization. Re-align if the specified beam power is not achieved.

8) Measure the mean power spectral density from all [co-location reference antenna] conducted output(s) over 70μs filtered with a square filter of bandwidth equal to the RF bandwidth of the RIB centred on the central frequency of the RF bandwidth. 70μs average window centre is set from 35μs after end of one transmitter ON period + 17μs to 35μs before start of next transmitter ON period - 6.25μs. 
Additional factor to be considered in the measurement is that the test requirement is very close to thermal noise floor, and the measurement setup needs to be able to tolerate both very high and low signal levels. This will impact measurement uncertainty.
10.6.2.3.4 
MU assessment 

10.6.2.3.4.1 
MU Budget

10.6.2.3.4.2 
MU Value

10.6.2.x
Summary
10.6.3 
OTA co-location spurious emissions
10.6.3.1
General

10.6.3.2
In-door anechoic chamber

10.6.3.2.1
General

This method measures the OTA co-location spurious emissions in an anechoic chamber
10.6.3.2.2
Calibration

See sub-clause 10.6.X.3.2.
10.6.3.2.3 
Procedure

See sub-clause 10.6.X.3.3.

10.6.3.2.4 
MU assessment 

10.6.3.2.4.1 
MU Budget

10.6.3.2.4.2 
MU Value

10.6.3.3
CATR
10.6.3.3.1
General

This method measures the OTA co-location spurious emissions in a compact antenna test range chamber.
10.6.3.3.2
Calibration

Calibration for wanted signal power level is the same as in subclause 10.2.2.3.2. 

Additionally, the losses in the signal chain between [co-location reference antenna] conducted output(s) and measurement equipment need to be calibrated out:

2) Path loss calibration 
b) Measure the loss in signal chain from each output of [co-location reference antenna] to input of measurement equipment, call this L ANT↔C which is the equivalent of 20log|S21| from the use of a network analyser.
10.6.3.3.3 
Procedure

9) Place AAS BS and [co-location reference antenna] as specified in subclause 4.15, 3GPP TS 37.145-2 [24].  
10) Place Range antenna in boresight direction (reference direction) at far-field distance, aligned in both polarizations with the AAS BS. 

11) Connect Range antenna and [co-location reference antenna] to the measurement equipment.
12) OTA co-location spurious emissions are measured at the [co-location reference antenna] conducted output(s). 
13) The measurement device (signal analyser) characteristics shall be:
-  Detection mode: True RMS.

14) Set the AAS BS to transmit:
-
For AAS BS declared to be capable of single carrier operation only, set the AAS BS to transmit full beam power (rated beam EIRP), both polarizations, either simultaneously or sequentially, in boresight direction (reference direction), at manufacturer's declared rated output power, Prated,t,TRP.

-
For AAS BS declared to be capable of multi-carrier and/or CA operation, set the AAS BS to transmit full beam power (rated beam EIRP), both polarizations, in boresight direction (reference direction) on all carriers configured using the applicable test configuration and corresponding power setting.
-
Check that specified beam power (EIRP) is obtained at Range antenna RF output(s) (conducted side) for each polarization. Re-align if the specified beam power is not achieved.

15) Measure the mean power spectral density from all [co-location reference antenna] conducted output(s) with each wanted signal polarization under test. 
Additional factor to be considered in the measurement is that the test requirement is very close to thermal noise floor, and the measurement setup needs to be able to tolerate both very high and low signal levels. This will impact measurement uncertainty.
10.6.3.3.4 
MU assessment 

10.6.3.3.4.1 
MU Budget

10.6.3.3.4.2 
MU Value

10.6.3.x
Summary
{editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}
10.6.4  
OTA Transmitter intermodulation

10.6.4.1 
General
10.6.4.2 
In-door anechoic chamber 
10.6.4.2.1 
General

This method measures the transmitter intermodulation in an anechoic chamber. The separation between the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the receiving antenna depends on the unwanted emission requirements, ACLR, OBUE, SEM, and spurious emission, to be measured under the condition of transmitter intermodulaiton. See sub-clause 10.4.2, 10.4.3, 10.4.4, and 10.5.x. The measurement system setup is as depicted in figure 10.6.x.2.1-1.
{editor’s note: the separation is [] because the out-of-band spurious emission test may not satisfy the condition that the sparation is no less than 2D2/λ.}
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(a) General set-up (top view)
(Positioner is not described here)
{editor’s note: detail of the co-location [test] antenna placement will be described here}
(b) Detailed placement of co-location [test] antenna
Figure 10.6.4.2.1-1: In-door Anechoic Chamber measurement system setup for transmitter intermodulation

{editor’s note: Diagrams needs to be updated to show the co-location reference antenna and AAS BS are on the same position  and also the PA associated with the interferer signal. } 

10.6.4.2.2 
Calibration

Calibration of the emission measurements shall be done with the procedure as shown in 10.2.2.2.2.
For calibration of [co-location reference antenna] part is FFS.
{editors note: we need to include calibration of the input to the collocation test antenna}

10.6.4.2.3 
Procedure
1)
Uninstall the reference antenna and install the AAS BS with the manufacturer declared coordinate system reference point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system orientation of the AAS BS is set to be aligned with the testing system.

2)
Set the co-location test antenna] as specified in 3GPP TS37.145-2 sub-clause 4.15 [24], [at the declared worst case side.]
3) 
Set the signal generator to generate the interfering signal to achieve the required level at the input port of co-location test antenna].

4)
Perform required ACLR, OBUE (for E-UTRA), SEM (for UTRA), occupied bandwidth, spurious emission tests according to the corresponding testing procedures.
10.6.4.2.4 
MU assessment
10.6.4.2.4.1 
MU Budget

[The MU of the unwanted emission (e.g. ACLR, OBUE, SEM, spurious emission) is the same as the MU of corresponding unwanted emission requirement. The MU of TX-IM is the uncertainty of the interference signal level at AAS BS.]
Table 10.6.4.2.4.1-1 MU contributors for the CLTA interferer signal
	UID
	Description of uncertainty contribution
	Details in annex

	　Uncertainty of interference signal input level to co-location [test] antenna

	1
	Uncertainty of the RF signal  generator
	

	2
	Uncertainty of the RF power measurement equipment
	

	3
	Impedance mismatch in the transmitting chain
	

	4
	Random uncertainty
	

	5
	Gain variation of power amplifier
	

	6
	Influence of the transmitting antenna feed cable


a)
Flexing cables, adapters, attenuators, and connector repeatability
	

	[7]
	[Uncertainty of the network analyser at co-location [test] antenna calibration stage]
	

	Uncertainty of co-location [test] antenna

	[8]
	Separation “d” error 
	

	[9]
	Vertical alignment error
	

	[10]
	Front-back alignment error
	

	[11]
	Vertical radiation length “h” error
	

	[12]
	Polarization error
	

	[13]
	Beam width error
	


{editor note: relationship between error sources need to be assessed regarding the CLTA variation}
10.6.4.2.4.2 
MU Value

Table 10.6.4.2.4.2-1 MU for the CLTA interferer signal

	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui  [dB]

3GHz < f ≦ 4.2 GHz

	　Uncertainty of interference signal input level to co-location [test] antenna

	1
	Uncertainty of the RF signal generator
	0.46
	0.46
	Gaussian
	1.00
	1
	0.46
	0.46

	2
	Uncertainty of the RF power measurement equipment
	0.14
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26

	3
	Impedance mismatch in the transmitting chain
	0.14
	0.23
	U-shaped
	1.41
	1
	0.10
	0.16

	4
	Random uncertainty
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06

	5
	Gain variation of power amplifier
	[0.02]
	[0.02]
	Rectangular
	1.73
	1
	0.01
	0.01

	6
	Influence of the transmitting antenna feed cable


a)
Flexing cables, adapters, attenuators, and connector repeatability
	0.05
	0.05
	Rectangular
	1.73
	1
	0.03
	0.03

	[7]
	[Uncertainty of the network analyser at co-location [test] antenna calibration stage]
	[0.13]
	[0.20]
	[Gaussian]
	[1.00]
	[1]
	[0.13]
	[0.20]

	Uncertainty of co-location [test] antenna

	[8]
	Separation “d” error 
	
	
	
	
	
	
	

	[9]
	Vertical alignment error
	
	
	
	
	
	
	

	[10]
	Front-back alignment error
	
	
	
	
	
	
	

	[11]
	Vertical radiation length “h” error
	
	
	
	
	
	
	

	[12]
	Polarization error
	
	
	
	
	
	
	

	[13]
	Beam width error
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]
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	 Expanded uncertainty (1.96σ – confidence interval of 95%) [dB]

ue = 1.96uc
	
	


{editor note: relationship between error sources need to be assessed regarding the CLTA variation}
10.6.4.3
CATR
10.6.4.3.1
General

This method measures the OTA transmitter intermodulation in a compact antenna test range chamber. CATR can be used only within the frequency range where the test facility is functional.
10.6.4.3.2
Calibration

Calibration for wanted signal power level is the same as in subclause 10.2.2.3.2. 

Additionally, the losses in the signal chain between [co-location reference antenna] conducted input(s) and measurement equipment need to be calibrated out: 
1) Cable and matching loss calibration for co-location reference antenna

- For each polarization supported by the co-location reference antenna

  a)
Measure co-location reference antenna reflection coefficient separately at the antenna's connector with a network analyser (or equivalent measurement equipment) to obtain ΓANT.

b) Measure cable loss from point F to input of co-location reference antenna, call this L ANT↔F which is the equivalent of 20log|S21| from the use of a network analyser.
c) Calculate the combined total path loss from F to co-location reference antenna using the following equating 

Lcal = L ANT↔F + 10log(1 - |ΓANT|2)
10.6.4.3.3 
Procedure

1) Set up AAS BS (DUT) in place of SGH from the calibration stage, ensure that the [co-location reference antenna] and DUT are positioned as described in 3GPP TS 37.145-2, subclause 4.15 [24], [co-location reference antenna] placed at the declared worst-case side. 

2) Place Range antenna in boresight direction (reference direction) at far-field distance, aligned in both polarizations with the AAS BS. 
3) Connect Range antenna and co-location reference antenna to the measurement equipment.
4) Configure measurement equipment to transmit the blocking signal through each polarization of the [co-location reference antenna] at appropriate level for the BS class as specified in section 6.X.X


5) Configure all OTA AAS BS TX branches according to a maximum power requirement for a single carrier.
6) Set the DUT to transmit the test signal according to appropriate test model.
7) Measure unwanted emissions according to subclauses 10.4 and 10.5

10.6.4.3.4 
MU assessment 

10.6.4.3.4.1 
MU Budget

10.6.4.3.4.2 
MU Value

10.6.4.4 
Shielded Anechoic Chamber

10.6.4.4.1 
General

This method measures the OTA transmitter intermodulation emissions in a shielded anechoic chamber.
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Figure 10.6.4.4.1-1: OTA transmitter intermodulation
A power amplifier is needed to amplify the interferer signal generated by the signal generator to the level specified by the requirement. 
10.6.4.4.2 
Calibration

The calibration of the test range is conducted as described for unwanted emission in sub-clause [x].

The calibration is conducted according to sub-clause 10.6.3.3.2.
10.6.4.4.3 
Procedure

OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.

1) Place AAS BS and co-location reference antenna as specified, at the distance d=0.1m. 

2) Place test antenna at sufficent distance, aligned to supported polarizations with the AAS BS.
3) The test antenna(s) shall be dual (or single) polarized covering the same frequency range as the AAS BS and the emission frequencies. 

4) Several test antennas are required to cover both the AAS BS and the whole emission frequency range. 

5) Connect test antenna and co-location reference antenna to the measurement equipment.
6) During the OTA emission measurements at the test antenna conducted output(s), both AAS BS and co-location reference antenna are rotated around same axis.
7) The OTA emission measurement method shall be TRP, according to the procedure described in Annex X.Y.

{Editors note: Annex X.Y will describe TRP test method and associated details related to integration method and sampling grid}
8) The measurement device (signal analyzer) characteristics shall be:
-  Detection mode: True RMS.
9) Set the AAS BS to transmit:

-
Set the AAS BS to transmit maximum power according to the applicable test configuration using the corresponding test models or set of physical channels. 

- Generate the interfering signal via the co-location reference antenna. The co-location reference antenna is fed with Prated,t,TRP, equally divided on all supported polarizations, from the same signal generator source.

10) Perform the unwanted emission tests specified in OTA ACLR, OTA spectrum mask and OTA OBUE, for all third and fifth order intermodulation products which appear in the frequency ranges. The width of the intermodulation products shall be taken into account.

11) Perform the transmitter spurious emissions test as specified in OTA spurious emission, except OTA co-location spurious emission, for all third and fifth order intermodulation products which appear in the frequency ranges. The width of the intermodulation products shall be taken into account.

12) Verify that the emission level does not exceed the required level with the exception of interfering signal frequencies.
13) Repeat the test for the remaining interfering signal centre frequency offsets.
14) Repeat the test for the remaining interfering signals for requirements OTA ACLR, OTA spectrum mask, OTA OBUE and OTA spurious emission, except OTA co-location spurious emission.
In addition, for multi-band AAS BS, the following steps shall apply:

15) For multi-band AAS BS and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.

10.6.4.4.4 
MU assessment

10.6.4.4.4.1 
MU Budget

10.6.4.4.4.2 
MU Value
10.6.4.5
Summary

{Editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}

10.6.5 
OTA co-location blocking
10.6.5.1
General

10.6.5.2
In-door anechoic chamber

10.6.5.2.1
General

This method measures the OTA co-location blocking in an anechoic chamber
10.6.5.2.2
Calibration

See sub-clause 10.6.5.3.2.
10.6.5.2.3 
Procedure

See sub-clause 10.6.5.3.3.

10.6.5.2.4 
MU assessment 

{Editor’s note:  MU assessment for OTA co-location blocking in in-door anechic chamber.} 
10.6.5.2.4.1 
MU Budget

10.6.5.2.4.2 
MU Value

10.6.5.3
CATR
10.6.5.3.1
General

This method measures the OTA co-location blocking in a compact antenna test range chamber. 
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Figure 10.6.5.3.1-1: General OTA co-location blocking test set-up
10.6.5.3.2
Calibration

Calibration for wanted signal power level is the same as in subclause 10.2.2.3.2

Additionally, the losses in the signal chain between co-location reference antenna conducted output(s) and measurement equipment need to be calibrated out:

a) Measure the loss in signal chain from each output of co-location reference antenna to input of measurement equipment, call this L ANT↔C which is the equivalent of 20log|S21| from the use of a network analyser.
10.6.5.3.3 
Procedure

1) Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system.
2) Align the manufacturer declared coordinate system orientation of the BS with the test system.

3) Set the BS in the declared direction to be tested.
4) Ensure the polarisation is accounted for such that all the power from the test antenna is captured by the BS under test.
5) Configure the beam peak direction of the BS according to declared reference beam direction pair for the appropriate beam identifier.
6)  Set the BS to transmit the beam(s) of the same operational band and RAT as the OSDD being tested according to the appropriate test configuration.
7) 
Start the signal generator for the wanted signal to transmit: The test signal as specified.

8) 
Set the test signal mean power so the calibrated radiated power at the BS Antenna Array coordinate system reference point as specified
9) Set the AAS BS to transmit:

For AAS BS declared to be capable of single carrier operation only, set the AAS BS to transmit maximum power corresponding to manufacturer's declared rated output power, Prated,t,TRP.
10) Configure measurement equipment to transmit the blocking signal at appropriate level and polarization as specified
11) Measure: Throughput for each supported polarization with each interferer polarization


Repeat steps 9-10 for all frequency ranges to be tested. In case interferer antenna needs to be changed the calibration procedure for interferer power level needs to be repeated.

10.6.5.3.4 
MU assessment 

10.6.5.3.4.1 
MU Budget

10.6.5.3.4.2 
MU Value

10.6.5.4
Summary
{editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}
10.7 
Measurement uncertainty for In-band Blocking requirements
{editors note: subclauses below to follow format as per subclause 10.2 }
10.8 
Measurement uncertainty for Out-of-band Blocking requirements

10.8.1 
General

10.8.2 
In-door anechoic chamber

10.8.2.1
General

10.8.2.2
Calibration

10.8.2.3
Procedure

10.8.2.4
MU assessment

10.8.2.4.1 
MU Budget

10.8.2.4.2 
MU Value
10.8.3 
CATR

10.8.3.1
General

10.8.3.2
Calibration

10.8.3.3
Procedure

10.8.3.4
MU assessment

10.8.3.4.1 
MU Budget

10.8.3.4.2 
MU Value

10.8.4 
Shielded Anechoic Chamber

10.8.4.1
General

This method measures the OTA out-of-band blocking in a shielded anechoic chamber.
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Figure 10.8.4.1-1: General OTA blocking test set-up

The physical test antenna used during the test is constituted by one antenna for the wanted signal and another for the out-of-band signal.

10.8.4.2
Calibration

10.8.4.3
Procedure

1) Place test antenna(s) in [FFS direction(s)] at appropriate distance, aligned in all supported polarizations (single or dual) with the AAS BS.  

2) Connect test antenna(s) to the measurement equipment.

3) The test antenna(s) shall be dual (or single) polarized covering the same frequency ranges as the AAS BS and the blocking frequencies. If the test antenna does not cover both the wanted and interfering signal frequencies, separate test antennas for the wanted and interfering signal are required. 
4) The OTA blocking interferer is injected into the test antenna, with the blocking interferer producing specified interferer field strength level for each supported polarization. The interferer shall be polarization matched to the AAS BS in band and the position maintained for OOB measurements.   

5) The AAS BS receives the wanted signal and the interferer signal for all supported polarizations (single or dual), in the reference direction from the test antenna(s).

10.8.4.4
MU assessment

10.8.4.4.1 
MU Budget

10.8.4.4.2 
MU Value

10.8.5 
Summary

{editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}

10.9
TRP measurement grids

10.9.1
General

The TRP or the radiated power is simply the total power radiated by an antenna/EUT. Due to energy conservation, TRP is independent of choice of test distance, apart from measurement errors.

TRPReference is the total power radiated by the antenna of a transmitting device, when non-idealities such as mismatch and losses in the antenna are taken into account. In theory, TRPReference is defined as the integral of the antenna’s far field radiation pattern over a spherical surface, that is
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Far Field regions:  
























Thus the definite integral for TRPReference becomes
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Near Field regions

The near field region consists of reactive field and radiating near field. In the radiating near field, the definite integral for [image: image44.png]TRPaeference



 becomes:

 [Based on experimental findings, it is possible to measure power density in near field with an acceptable level of accuracy. Thus equation [image: image46.png]TRPgeference



can be expressed as
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The range of radiating near field is defined as

[image: image48.png]



Where D is the maximum dimension of  the DUT antenna aperture.

In practice, discrete samples of EIRP and power density are measured at different directions [image: image50.png](6. ¢)



 over the entire sphere, which are used to numerically approximate the surface TRPReference integral.  The obtained value, TRPEstimate , is an approximation of TRPReference and the difference between then is defined as the TRP systematic error.

TRPsyserr = | TRPEstimate – TRPreference |   (in dB)
When measuring radiated power, at each measurement point for both far field and near field, two partial results for two orthogonal polarizations needs to be measured. These can be the θ (theta) and φ (phi) polarizations or any pair of orthogonal polarizations.

Power measurements can be performed at distance less than 2D^2/λ (the traditional far-field criteria). In following subclauses we describe several spherical sampling grids which can be applied to Power density, and EIRP measurements.10.9.2
Spherical equal angle grids

10.9.2.1
General

With the spherical equal angle grid, the grid spacing is uniform in the [image: image52.png]


 and [image: image54.png]


 directions. The range of [image: image56.png]


 angles from 0 to π is divided into [image: image58.png]


 equally spaced subintervals and the range of [image: image60.png]


 angles from 0 to 2π is divided into [image: image62.png]


 equally spaced subintervals. The width of each subinterval in the [image: image64.png]


- and [image: image66.png]


-angle is given as
[image: image68.png]s



  and [image: image70.png]e




The total number of angular sampling points is equal to [image: image72.png](N-1)xM



.

Let [image: image74.png]


 and [image: image76.png]


 be the indices used to denote the [image: image78.png]


th [image: image80.png]


 and [image: image82.png]


th [image: image84.png]


 angles, respectively. In pactice, discrete samples of EIRP are measured at each sample point ([image: image86.png]B Do



) by measuring its two orthogonally polarized components, [image: image88.png]EIRP,y (By. ®m)



 and [image: image90.png]EIRP,; (Bn. ®m)



. The EIRP sample are then used to approximate the definite integral for TRPReference as       
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.

The above equation can be simplified considering [image: image94.png]sinf,



 = [image: image96.png]sin By



 = 0. Thus the total number of angular sampling points is equal to (N – 1)M.
Note TRPEstimate = TRPReference as [image: image98.png]


 and [image: image100.png]


 approach [image: image102.png]


. 
There is a trade-off between the accuracy of the TRPEstimate and the total number of sampling points. A large number of sampling points leads to long measurement time. Thus it is important to achieve short measurement time and fulfilling the minimum TRP systematic error. Subclauses 10.9.3.1 and 10.9.3.2 outline the criteria for determining the minimum number of sampling points to characterize. Other means for set the number of sampling points are not precluded.

For each emission frequency, the reference angular steps   [image: image104.png]


 and [image: image106.png]


 in radians are calculated as:
[image: image107.png]Adrer = A/Dey
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, where D and Dcyl are defined in subclause 10.9.2.1.
According to [x] and [y] using a grid with reference angular step is enough for accurate error-free TRP estimation. The reference angular steps are dependent only on the electrical size of the radiation source (i.e., physical size and the emission frequency) and is not affected by the correlation level. When sampling with the reference angular step, fine details of the radiation pattern are not observed, but the TRP value is not affected.
The equal angle grid points are not uniformly distributed on the sphere but are clustered towards the poles as shown in Figure 10.9.2-1. 
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Figure 10.9.2.1-1: Spherical equal angle sampling grid
10.9.2.2
Spatial sampling criteria
[image: image110.png]



Figure 10.9.2.2-1: the dimensions of a DUT are depth (d), width (w) and height (h)
The spherical and cylindrical diameters are calculated as
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Some basic definitions and relations are given here for readability.
10.9.2.3
Rayleigh sampling criteria
For the ULA system, the array spatial pattern could be defined as in the following equation. 
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Where spatial frequency 
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 is defined as following: 
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Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the aliasing can be derived as
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If DUT is mounted along the yz plane as shown in Figure 10.9.x.x-1, based on the above considerations on the Rayleigh resolution for spatial domain signal, then subinterval in the  φ and θ angle is calculated as:
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Where 
[image: image121.wmf]y
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is diameter of radiated  parts of antenna along  y-axis, 
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 is diameter of radiated parts of antenna along the z-axis and 
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 is wavelength for the measured frequency. 
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Figure 10.9.2.3-1. Spherical coordinate for OTA conformance testing of DUT
In the NR coexistence study, it was assumed that antenna configuration for WA NR BS is 8x16 with two polarization. If DUT mounted along yz plane with antenna configuration 16x8 where 16 column are assumed along the y-axis and 8 rows are assumed along the z-axis. Antenna elements are uniformly distributed with separation distance λ/2, therefore aperture size Dy≈8λ and Dz≈4λ. The uniform sampling in the spherical coordinate for this approach is demonstrated in the Figure 10.9.2.3-2.
[image: image125.png]e

> P

J)
AR
Y

i)
LY

fuunny

=
|

((C_ D)

(),

g

-
(-

7 v
S 2
v N

D (@=w)

(C

1100 =
{ ¢
= = g

! :]:.

)

<

4

N

&/ .

SN A ==
g A RN A N

4





Figure 10.9.2.3-2. uniform sampling in the spherical coordinate, Red cross denotes the sampling point. 

10.9.3
Spherical equal area grids

With the spherical equal area sampling grid, the spherical surface is partitioned into [image: image127.png]


 equal area regions. Let n be the index for the nth region and there is one point ([image: image129.png]B, By



) located in the center of each region. The definite integral for TRPReference can be approximated as 
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The total number angular sampling points is [image: image133.png]


. Unlike the spherical equal angle grid, the TRPEstimate equation is not weighted by [image: image135.png]sin 8



. As shown in Figure 10.9.3-1, the equal area grid points are distributed uniformly on the sphere but the pattern of [image: image137.png]


 and [image: image139.png]


 angles is irregular.
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Figure 10.9.3-1: Spherical equal area sampling grid
10.9.4
Spherical Fibonacci grids

The Fibonacci grid points are arranged along a generative spiral on the spherical surface. Similar to the equal area sampling grid, the Fibonacci grid generates points that are uniformly spaced in an isotropic way. Assume there are [image: image142.png]


 points in the Fibonacci sampling grid, then the definite integral for TRPReference can be approximated as
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where 
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The total number of angular sampling points is [image: image156.png]


. Like the spherical equal area grid, the TRPEstimate equation is not weighted by [image: image158.png]sin 8



.
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Figure 10.9.4-1: Spherical Fibonacci sampling grid

10.9.5
Orthogonal 2 cut grids
Compared to the TX spurious emissions the OBUE emissions are likely to experience the similar beamforming pattern as the main beam. Due to this reason, it is easily predictable where the maximum of the emissions is going to be, hence the possibility to enhance the measurement method to achieve better accuracy. Here we choose to apply the pattern multiplication method [ref].

In this method, at least two cuts (default) shall be used, an optional third cut can be added if needed. The alignment of the cuts must be along the symmetry planes of the antenna array.

The first mandatory cut is a horizontal cut passing including the peak direction of the main beam.

The second mandatory is a vertical cut passing including the peak direction of the main beam.

Using the data from these two mandatory cuts, a conditional pattern multiplication can be used.

The third optional cut is a vertical cut orthogonal to the first and the second cut.

Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the TRP is then calculated as follows: First the contributions from each cut is calculated as

[image: image161.png]






where P is the number of smpling point. Here, overlining denotes angular average value in the cut. The final contribution for all cuts is calculated as

[image: image163.png]






where N is the number of cuts. Note that when orthogonal cuts are measured, the intersection points are measured multiple times and the repeated values can be removed from the samples before averaging.
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	Figure 10.9.5-1: Example of orthogonal cuts geometry when the main lobe points along the x-axis. Two mandatory cuts grid (left) and the optional added third cut (right). The first two cuts are generated by rotating the EUT around its z-axis and y-axis, respectively, and the optional third cut is generated by rotating the EUT around its x-axis.


Two cuts cut data gives a conservative TRP estimate (an overestimation of the real TRP). Through patter multiplication a less conservative estimate is obtained, based on the calculation of the antenna array factor as a product of two terms, corresponding to the two cuts. 

The following conditions for being able to apply pattern multiplication method are mandatory:

i. The vertical cut is taken in the [image: image167.png]


 -plane

ii. The frequency of the emission is within the BS RF Bandwidth or close to its edges (e.g. emissions will experience similar pattern as the wanted signal)

iii. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal

iv. The emission changes significantly when the Tx power is turned on or off.

v. The antenna arrays of the EUT

1. Have rectangular grids of antenna element positions

2. Have symmetry planes that are vertical and horizontal.

3. Have parallel antenna planes 

10.9.6
Wave vector space sampling grid 

Similar as Rayleigh sampling approach, DUT is placed on the yz plane in the spherical coordinate and normal vector of DUT is pointing along the x-axis as shown in Figure 10.9.x.x-1. The angle φ and θ represent azimuth and elevation respectively, Ky and Kz  represent the projection of normalized wave vector on y-axis and z-axis.
According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be  represented as following: 
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In the existing TR37.843, TRP is defined in the spherical coordinate as following: 
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As TRP is defined in the wave vector coordinate, therefore TRP definition should be revised accordingly in the corresponding coordinate. For the TRP definition in normalized wave vector space, according to the 2D Jacobian transformation, the above equation  could be adjusted as following, namely:
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Based on the above two equations, then we could get 
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where relationship between (θ,φ) and (Ky,Kz )is demonstrated in the equation before. Similar as discrete sampling process in TR37.843,  the above equation is approximated in the far-field region as the sum of the total EIRP at a number of discrete directions as follows:
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The above considerations could be applied for both polarization. 
Uniform sampling on the yz plane in the wave vector coordinate as shown in Figure 10.9.6-1:  
· Rayleigh resolution in y-axis:   
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· Rayleigh resolution in z-axis:    
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Where 
[image: image175.wmf]y

D

is diameter of radiated  parts of antenna along  y-axis, 
[image: image176.wmf]z
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 is diameter of radiated parts of antenna along the z-axis. 
Based on the uniform sampling grid on the yz plane, we could get the sampling point (Kym,Kzn ). in addition, according to the transformation between (Kym,Kzn ) and (φ,θ ), then azimuth and elevation (φm,n, θn) in the spherical coordinate could be derived correspondingly. Based on the (φm,n, θn) in the spherical coordinate, EIRP on the spherical coordinate could be measured. In the Figure 10.9.6-1 and 10.9.6-2, we demonstrate the sampling point in the wave vector space and spherical coordinate, it could be easily found that the sampling grid is not uniform in the spherical coordinate, that’s the reason why the second approach is called Non-uniform sampling. 
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Figure10.9.6-1. 2D unfolding diagram of  simulated 3D antenna pattern in normalized wave vector space and (b) sampling point in this space where Red cross denote the sampling point 
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Figure 10.9.6-2.  non-uniform sampling in the spherical coordinate where Red cross denotes the sampling point. 
10.11 
Measurement uncertainty for demodulation performance requirements
10.11.1
General

This subclause describes the OTA aspects of the test procedure for assessing demodulation requirements, considering UTRA FDD and E-UTRA demodulation requirements which were found feasible OTA, as captured in subclause 7.8. The OTA part of the test procedure is the same for each requirement.

The demodulation requirements are in essence very similar to the RX dynamic range requirement; in both cases a wanted signal and AWGN is transmitted from the test equipment and should be reassured to be received at the absolute level well above the noise floor. The test equipment setup for demodulation requirements may include multiple wanted and interference signals and a fading channel emulators, as described in subclause 7.7.
10.11.2
In-door anechoic chamber

10.11.2.1
General

The indoor anechoic chamber setup for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.2.1.
10.11.2.2
Calibration

The calibration procedure for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.2.2.
10.11.2.3 
Procedure

The OTA part of the procedure for demodulation requirements is based on that for RX dynamic range, as described in subclause 10.3.4.2.3. The test equipment setup is described in subclause 7.7.

The transmit signal power level may be set in the same manner as for RX dynamic range; i.e. by considering the AWGN absolute levels quoted in TS 36.141 [] together with an adjustment ΔOTAREFSENS to take into account BS antenna gain (pathloss is taken account of by the calibration procedure). An example AWGN power levels for the E-UTRA PUSCH requiremetns are listed in table 10.11.2.3-1 (AWGN levels for other requirements can be found in the conducted single RAT specifications).
Table 10.11.2.3-1: AWGN power level at the BS input for E-UTRA demodulation requirements
	Channel bandwidth [MHz]
	AWGN power level

	1.4
	-92.7 - ΔOTAREFSENS dBm / 1.08MHz

	3
	-88.7 - ΔOTAREFSENS dBm / 2.7MHz

	5
	-86.5 - ΔOTAREFSENS dBm / 4.5MHz

	10
	-83.5  - ΔOTAREFSENS dBm / 9MHz

	15
	-81.7 - ΔOTAREFSENS dBm / 13.5MHz

	20
	-80.4 - ΔOTAREFSENS dBm / 18MHz


10.11.2.4 
MU assessment 

The BS demodulation requirements consist of a wanted signal and AWGN (potentially with fading modelling and additional interfering signals). In the conducted test setup, the received AWGN level is well above the noise floor, and so the SNR experienced at the BS receiver is dependent on the transmitter SNR/SINR (in case of E-UTRA) or Eb/N0 (in case of UTRA). 

Small variations in the received power level due to additional uncertainties in the OTA measurement chamber will not impact the receiver SNR, and hence uncertainties due to OTA will not impact the demodulation requirement MU. The MU can be considered to depend on the TX SNR/SINR (in case of E-UTRA) or on the TX b/N0 (in case of UTRA) and, where applicable the fading channel generation uncertainty, in the same manner as for the conducted requirements.

Thus, the MU for OTA demodulation requirements is the same as the MU for conducted demodulation requirements, as derived in TS 25.141 [] for UTRA FDD, and in TS 36.141 [] for E-UTRA. The resulting test requirements for OTA AAS BS can be reused from conducted test specifications TS 25.141 [] and TS 36.141 [], as long as the SNR/SINR (in case of E-UTRA) or the TX b/N0 (in case of UTRA) at the BS receiver is not impacted by the noise floor due to the OTA test chamber pathloss.
10.11.3
CATR

10.11.3.1
General

The CATR setup for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.3.1.
10.11.3.2 
Calibration

The calibration procedure for demodulation requirements is the same as that for RX dynamic range, as described in subclause 10.3.4.3.2.
10.11.3.3 
Procedure

The OTA part of the procedure for demodulation requirements is based on that for RX dynamic range, as described in subclause 10.3.4.3.3. The test equipment setup is described in subclause 7.7.

The transmit signal power level may be set in the same manner as described in section 10.11.2.3).
10.11.3.4 
MU assessment 

The MU for OTA demodulation requirements is the same as for conducted demodulation requirements for the same reasons as applicable for the indoor anechoic chamber, described in subclause 10.11.2.4.
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