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[bookmark: _Toc13065975][bookmark: _Toc13066128]4.5	Coordinate system
OTA requirements are stated in terms of electromagnetic and spatial parameters. The electromagnetic parameters are specified either in terms of power (dBm) or field strength (dBV/m). The spatial parameters are specified in a Cartesian coordinate system (x, y, z) with an addition of spherical coordinates (r, ) for manufacturer declared parameters.
[bookmark: _GoBack]The orientation and location of the coordinate system is declared by the base station manufacturer as described in TR 37.842 [4], sub-clause 7.1.
The orientation of these coordinates is depicted in the following figures. is the angle in the x/y plane and it is between the x-axis and the projection of the vector onto the x/y plane and is defined between -180° and +180°, inclusive.  is the angle between the projection of the vector in the x/y plane and the vector and is defined between -90° and +90°, inclusive.	Comment by Michal Szydelko: From 37.842, section 7.1
A point in the Cartesian coordinate system (x,y,z) can be transformed to spherical coordinates (r, ) using the following relationships:






The inverse transformation is given by:






The representation and definitions of angles are described in figure 7.1-1, figure 7.1-2 and figure 7.1-3.


Figure 7.1-1: Orthogonal representation of coordinate system


Figure 7.1-2: Definition of the  angle


Figure 7.1-3: Definition of  angle

For RF core requirements the vendor declares the location of this coordinate system origin in reference to an identifiable physical feature of the AAS BS enclosure. The vendor also declares the orientation of this coordinate system in reference to an identifiable physical feature of the AAS BS enclosure. However, for background information in this TR also other conventions for spatial angles may be used, e.g. definitions used in IEEE Standard Test Procedures for Antennas [25].
10	Conformance testing aspects
[bookmark: _Toc478460613]10.0	Conformance testing framework	Comment by Michal Szydelko: From 37.842, section 10.1
[bookmark: _Toc478460614]10.0.1	General
For conducted test requirements, it is expected that one test method will be sufficient for each core requirement. Hence the traditional approach for devising test specifications can be followed. This is depicted in figure 10.1.1-1.


Figure 10.1.1-1: Conducted requirement to test mapping
The following 11 points have been agreed as a framework for developing OTA test. 
1)	Multiple test methods may exist for each requirement
2)	Each test method will require its own test procedure.
3)	A single conformance requirement applies for each core requirement, regardless of test procedure.
4)	Common maximum accepted test system uncertainty applies for all test methods addressing the same test requirement. Test methods producing significantly worse uncertainty than others at comparable cost should not impact the common maximum accepted test system uncertainty assessment.
5)	Common test tolerances apply for all test methods addressing the same test requirement.
6)	A common way of establishing the uncertainty result from all test methods' individual budgets is established.
7)	A common method of making an uncertainty budget (not a common uncertainty budget) is established.
8)	Establish budget format examples for each addressed test method in the form of lists of uncertainty contributions. Contributions that may be negligible with some DUT and substantial with others should be in this list. For each combination of measurement method and test parameter (EIRP or EIS) develop a list with measurement uncertainties.
9)	Describe potential OTA test methods relevant for testing radiated transmit power and OTA sensitivity. The description requires information about the test range architecture and test procedure. Addressing each item in each uncertainty budget with respect to the expected distribution of the errors, the mechanism creating the error and how it interacts with properties of the DUT. 
10)	Providing example uncertainty budgets in the TS will be useful in order to demonstrate the way a budget should be defined and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will clearly be only examples and not applicable in general.
11)	Each test instance may require an individual uncertainty budget applicable for the combination of the test facility, the DUT and the test procedure and property tested. Here, the tester demonstrates that the uncertainty requirement is fulfilled during the conformance testing.
The linking of core requirements via test methods to conformance requirements is depicted in figure 10.1.1-2.
[image: ]
Figure 10.1.1-2: OTA requirement to test mapping
[bookmark: _Toc478460615]10.1.2	Uncertainty budget calculation principle
Uncertainty contributions listed in subclause 10.3 with descriptions in the annex B need to be calculated to provide an overall total measurement uncertainty for each OTA test method for the accompanying conformance requirement.
The uncertainty tables are presented with two stages in mind:
-	Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna (for example a standard gain horn) whose absolute gain is known at the frequencies of measurement
-	Stage 2: the actual measurement with the DUT as either the transmitter or receiver (depending on EIRP or EIS measurement) is performed.
The final uncertainty budget should comprise of a minimum 5 headings:
1)	The uncertainty source,
2)	Uncertainty value,
3)	Distribution of the probability,
4)	Divisor based on distribution shape,
5)	Sensitivity coefficient ci and its calculated standard uncertainty ui (based on uncertainty value, divisor and sensitivity coefficient ci).
NOTE:	All measurement uncertainty contributions are assumed independent, log and small, hence the errors induced by taking values in log are negligible.
The calculation of the uncertainty contribution is based on the ISO Guide [25] to the expression of uncertainty in measurement. Each individual uncertainty is expressed by its standard deviation (termed as ‘standard uncertainty’) and represented by  ui.
The procedure for forming the uncertainty budget can be as follows:
1)	Compile lists of individual uncertainty contributions for EIRP/EIS measurement both in Stage 1 and Stage 2.
2)	Determine the standard uncertainty of each contribution ui by:
a)	Determining the distribution of the uncertainty (i.e. Gaussian, U-shaped, rectangular, or exponentially normal).
b)	Determining the maximum value of each uncertainty (unless the distributions is Gaussian).
c)	Calculating the standard uncertainty by dividing the uncertainty by  if the distribution is U-shaped, by 2 if the distribution exponentially normal and by  if the distribution is rectangular.
d)	Multiplying the standard uncertainty by the sensitivity coefficient ci.
3)	Convert the units into decibel, if necessary.
4)	Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method.
5)	Combine the uncertainties in Stage 1 and Stage 2 into the combined uncertainty uc also by the RSS method:
	.
6)	Multiply the result of the combined uncertainty uc by an expansion factor of 1.96 to derive expanded uncertainty ue at 95 % confidence level: 
	ue = 1.96 uc

[bookmark: _Toc13066129]10.1	OTA conformance testing framework
[bookmark: _Toc13066130]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], in sub-clause 10.01.2. 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 TX directional and TRP test requirements is defined as follows:
For TX 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.
[bookmark: _Toc13066131]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].	Comment by Michal Szydelko: 
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}.
[bookmark: _Toc13066132]10.2	Measurement uncertainty for TX directional requirements
[bookmark: _Toc13066133]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.	Comment by Michal Szydelko: 
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.
[bookmark: _Toc13066134]10.2.2	EIRP accuracy
[bookmark: _Toc13066135]10.2.2.1	General
The EIRP accuracy uncertainty budget was re-assessed and adjusted slightly according as detailed in the following tables. The MU budget for the CATR is shown as it is this MU that determines the agreed MU and TT.
Plane Wave Synthesizer (PWS) description and MU budget is also shown as an additional methodology to those presented in TR 37.842 [4].
[bookmark: _Toc13066136]10.2.2.2	CATR
[bookmark: _Toc13066137]10.2.2.2.1	MU assessment
[bookmark: _Toc13066138]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
	E2-1

	2
	RF power measurement equipment
	F1

	3
	Standing wave between DUT and test range antenna
	E2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	5
	QZ ripple DUT
	E2-5

	19
	Miscellaneous uncertainty
	E2-14

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	F1

	7
	Mismatch of receiver chain
	E2-7

	8
	Insertion loss variation of receiver chain
	E2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	10
	Influence of the calibration antenna feed cable:
a)	Flexing cables, adapters, attenuators, connector repeatability
	E2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	F1

	12
	Misalignment positioning system
	E2-11

	13
	Misalignment of calibration antenna and test range antenna
	E2-1

	14
	Rotary Joints
	E2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	E2-3

	16
	Quality of quiet zone
	E2-5

	20
	Switching uncertainty
	E2-15

	23
	Frequency flatness
	E2-16



[bookmark: _Toc13066139]10.2.2.2.1.2	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

	[image: ]
	Combined standard uncertainty (1σ) [dB]

	



	0,568
	0,646

	
	
	

	[image: ]Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1,11
	1,27

	
	
	



10.2.2.3	Plane Wave Synthesizer
10.2.2.3.1	Description
This method is a natural extension of a compact antenna test range (CATR) where the reflector is replaced by an antenna array, or Plane Wave Synthesizer (PWS), capable of approximating a plane wave within a specified quiet zone in front of the antenna in a similar manner as the reflector in a CATR system. 
The principle of the Plane Wave Synthesizer is shown in figure 10.2.2.3.1-1:
[image: ]
Figure 10.2.2.3.1-1: PWS test system diagram
The PWS typically consists of two main components: the radiating elements arranged in the structure of an array and the feeding system. The architecture of the later depends on the adopted technology, e.g. it could be fed by a standard Beam Forming Network (BFN) or by an active system.
Using similar technique of setting the phase and amplitude of the array signals, a quiet zone containing planar waves as a linear superposition of the array elements' spherical radiation waves can be created within the near field of the array.
The PWS can achieve far-field testing conditions in a Quiet Zone (QZ) as in the case of Compact Antenna Test Ranges (CATRs) it enables direct measurements of far-field AUT performance in a controlled indoor environment as an alternative to CATR.
10.2.2.3.2	Procedure
Stage 1 - Calibration:
The calibration measurement is done by using a reference antenna with known efficiency or gain values (e.g. SGH). In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (C↔A, see figure 10.2.2.3.2-1) from the DUT to the measurement receiver is calibrated out. 
[image: ]
Figure 10.2.2.3.2-1: Tx range path loss calibration
1)	Path loss calibration E→A:
a)	Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyzer (or equivalent measurement equipment) to obtain ΓSGH.
b)	Measure cable loss from point E to input of SGH, call this LE↔SGH which is the equivalent of 20log|S21| from the use of a network analyzer.
c)	Calculate the combined total path loss from E→A by using the following expression:
-	LSGHcal = LE,SGH + 10log(1 - |ΓSGH|2) - GSGH;
-	where  10log(1 - |ΓSGH|2)  is the compensation for SGH connector return loss, GSGH  is the known gain of the reference SGH.
2)	Connect SGH and D↔E cable.
3)	Measure path loss C→E with network analyzer LC→E = 20log|S21|.
4)	Calculate the test path loss compensation factor.  This is the total path loss between C↔A using the results from step 1c and 3. L =  LSGHcal  - LC→E.
Where ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer).
Stage 2 - Measurement:
1)	Install the AAS BS as DUT with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 10.2.2.3.2-2. The manufacturer declared coordinate system orientation of the AAS BS is set to be aligned with the testing system.
2)	Set the AAS BS to generate the tested beam with the appropriate test model with the beam peak direction intended to be the same as the testing direction.
3)	Measure mean power (Pmeas) at the measurement equipment (such as a spectrum analyzer or power meter) denoted in figure 10.2.2.3.2-2.
4)	Calculate EIRP, where EIRP = Pmeas + LC→A.
5)	Repeat steps 2-4 for all conformance test beam direction pairs and test conditions.
[image: ]
Figure 10.2.2.3.2-2: PWS setup for EIRP measurements
10.2.2.3.3	MU assessment
10.2.2.3.3.1	MU budget
Table 10.2.2.3.3.1-1: Plane Wave Synthesizer uncertainty contributions for EIRP measurements
	UID
	Uncertainty Source
	Details in annex

	
	
	

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	E6-1

	2
	RF power measurement equipment
	F.1

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	E6-2

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	5
	QZ ripple with DUT
	E6-4

	6
	Miscellaneous Uncertainty
	E6-5

	20
	System non-linearity
	E6-14

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	F.1

	8
	Mismatch (i.e. reference antenna, network analyser and reference cable)
	E6-6

	9
	Insertion loss variation 
	E6-7

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	10
	Influence of the calibration antenna feed cable
	E6-8

	11
	Uncertainty of the absolute gain of the calibration antenna
	F.1

	12
	Misalignment of positioning system
	E6-9

	13
	Misalignment of calibration antenna & pointing error
	E6-1

	14
	Rotary joints
	E6-10

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	E6-2

	16
	QZ ripple with calibration antenna
	E6-4

	17
	Switching uncertainty
	E6-11

	18
	Field repeatability
	E6-12

	19
	Frequency flatness
	E6-13



10.2.2.3.3.2	MU value
Table 10.2.2.3.3.2-1: Plane Wave Synthesizer uncertainty assessment for EIRP measurements
	UID
	Uncertainty Source
	Uncertainty Value
	Distribution of the probability
	Divisor based on distribution shapre
	ci
	Std. uncertainty 
ui [dB]

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

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	2
	RF power measurement equipment
	0.14
	0.26
	Gaussian
	1
	 1
	0.14
	0.26

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.05
	0.14
	Rectangular
	√3
	1
	0.03
	0.08

	4
	RF leakage (calibration antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	5
	QZ ripple with DUT
	[0.4]
	[0.4]
	Rectangular
	√3
	1
	[0.23]
	[0.23]

	6
	Miscellaneous Uncertainty
	0.00
	0.00
	Normal
	1
	1
	0.00
	0.00

	20
	System non-linearity
	[0.062]
	[0.062]
	Rectangular
	√3
	1
	[0.04]
	[0.04]

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	8
	Mismatch (i.e. reference antenna, network analyser and reference cable)
	0.127
	0.325
	U-shaped
	√2
	1
	0.09
	0.23

	9
	Insertion loss variation 
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	4
	RF leakage (calibration antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	10
	Influence of the calibration antenna feed cable
	0.103
	0.104
	Rectangular
	√3
	1
	0.06
	0.06

	11
	Uncertainty of the absolute gain of the calibration antenna
	0.50
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment of positioning system
	0.00
	0.00
	Exp. normal 
	2
	1
	0.00
	0.00

	13
	Misalignment of calibration antenna & pointing error
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	14
	Rotary joints
	0.00
	0.00
	U-shaped
	√2
	1
	0.00
	0.00

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.12
	0.12
	Rectangular
	√3
	1
	0.07
	0.07

	16
	QZ ripple with calibration antenna
	[0.2]
	[0.2]
	Rectangular
	√3
	1
	[0.12]
	[0.12]

	17
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	18
	Field repeatability
	[0.003]
	[0.003]
	Normal
	1
	1
	[0.003]
	[0.003]

	19
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	Combined standard uncertainty (1σ) [dB]
	[0.49]
	[0.58]

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.96]
	[1.14]



[bookmark: _Toc13066140]10.2.3	OTA E-UTRA DL RS power
{editors note: multiple test chamber solutions may be added here, Indoor anechoic chamber and CATR shown}
[bookmark: _Toc13066141]10.2.3.1	General
DL RS power is an E-UTRA measurement only, it is defined as:
The DL RS power is the resource element power of the Downlink Reference Symbol at the RIB transmitting the DL RS for a cell.
The absolute DL RS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier.
As such is an absolute power (EIRP) measurement of a single RE.
The 37.104 conducted requirement and hybrid BS requirement both assume that the value broadcast on DL-SCH is a conducted or TRP value, since the power is measured at the antenna connector. To facilitate efficient testing, OTA DL RS power is tested by measuring EIRP as a directional requirement, and compared with a declared DL RS EIRP derived from the power broadcast on the DL-SCH and the AAS BS directivity in the direction to be tested.. This is sufficient to demonstrate the ability of the physical layer to deliver accurate RS power.
As the requirement is based on absolute directional power the absolute level will be subject to the same calibration and measurement errors as the EIRP measurement which has previously been analyses in TR 37.842. However as the measurement is for a single RE it is necessary to demodulate the received signal this is done at the same time as the EVM test using the global in channel TX test described in Annex F of TS 36.141.
The demodulated power accuracy test is not as accurate as the power measurement using a power meter for the EIRP accuracy test.
The MU is calculated by using the existing conducted MU in the MU uncertainty budget in place of the RF measurement equipment.
[bookmark: _Toc13066142]10.2.3.2	In-door anechoic chamber
[bookmark: _Toc13066143]10.2.3.2.1	General
This method measures the EIRP 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 figure 10.2.3.2.1-1.
[image: ]
Figure 10.2.3.2.1-1: Indoor Anechoic Chamber measurement system setup

[bookmark: _Toc13066144]10.2.3.2.2	Calibration
[image: ]
Figure 10.2.3.2.2-1: Indoor Anechoic Chamber calibration system setup
1)	Connect the reference antenna and the receiving antenna to the measurement RF out port and RF in port of the network analyzer, respectively, as shown in figure 10.2.3.2.2-1. The amplifier may be installed between C and D if required.
2)	Install the reference antenna with its beam peak direction and the height of its phase centre aligned with the receiving antenna.
3)	Set the centre frequency of the network analyzer to the carrier centre frequency of the tested signal and measure LFTX_E→D , which is equivalent to 20log|S21| (dB) obtained by the network analyzer:
-	LFTX_E→D: Pathloss between E and D in figure 10.2.3.2.2-1.
4)	Measure the cable loss, LFTX_E→F between the reference antenna connector and the network analyzer connector:
-	LFTX_E→F: Cable loss between E and F in figure 10.2.3.2.2-1.
5)	Calculate the calibration value between A and D with the following formula:
-	LTX_cal, A→D = LFTX_E→D  + GREF_ANT, F→A - LFTX_E→F.
-	LTX_cal, A→D:  Calibration value between  A and D in figure10.2.3.2.2-1.
-	GREF_ANT, A→F: Antenna gain of the reference antenna.

[bookmark: _Toc13066145]10.2.3.2.3	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 AAS BS to generate the tested beam with the appropriate test model with the beam peak direction intended to be the same as the testing direction.
3)	Rotate the AAS BS to make the testing direction aligned with the direction of the receiving antenna.
4)	Measure the appropriate test parameter 
5)	Repeat steps 2-6 for all conformance test beam direction pairs and test conditions.
The appropriate test parameter in step 6 for DL RS power is PDL_RS the measured signal power of DL RS EIRP (in the beam peak direction), and calculation of EIRP EIRPDL_RS using the following equation:
	EIRPDL_RS = PDL_RS + LTX_cal, A→D.
And
EIRPDL_RS = EIRPDL_RS_p1 + EIRPDL_RS_p2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
[bookmark: _Toc13066146]10.2.3.2.4	MU assessment 
[bookmark: _Toc13066147]10.2.3.2.4.1	MU Budget
As the DL RS power is an absolute measurement most of the uncertainties form the EIRP accuracy remain the same. Also it can be noted that the measured signal is a wanted signal and hence will be beam formed in the same way as the wanted signal, hence any errors which may be dependent on the beam shape will be the same as for the EIRP accuracy measurement.
Table 10.2.3.2.4.1-1: Indoor Anechoic Chamber uncertainty contributions
for OTA E-UTRA DL RS power measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	E1-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	E1-2

	3
	Quality of quiet zone
	E1-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	E1-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	E1-5

	6
	Phase curvature
	E1-6

	8
	Impedance mismatch in the receiving chain
	E1-8

	9
	Random uncertainty
	E1-9

	23
	MU of TE derived from conducted specification (conducted MU / 1.96)
	F2

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	E1-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	E1-11

	12
	Impedance mismatch between the reference antenna and the network analyzer
	E1-12

	13
	Quality of quiet zone
	E1-3

	14
	Polarization mismatch for reference antenna
	E1-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	E1-5

	16
	Phase curvature 
	E1-6

	17
	Uncertainty of the Network Analyzer
	F1

	18
	Influence of the reference antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	E1-14

	19
	Reference antenna feed cable loss measurement uncertainty
	E1-15

	20
	Influence of the receiving antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	E1-16

	21
	Uncertainty of the absolute gain of the reference antenna
	F1

	22
	Uncertainty of the absolute gain of the receiving antenna
	E1-18



[bookmark: _Toc13066148]10.2.3.2.4.2	MU Value
Table 10.2.3.2.4.2-1: Indoor Anechoic Chamber uncertainty assessment for OTA E-UTRA DL RS 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
	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

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

	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]


	0.59
	0.73

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


	1.15
	1.43



[bookmark: _Toc13066149]10.2.3.3	CATR
[bookmark: _Toc13066150]10.2.3.3.1	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 10.2.3.3.1-1) 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.


Figure 10.2.3.3.1-1: CATR measurement system setup for OTA E-UTRA DL RS 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.
[bookmark: _Toc13066151]10.2.3.3.2	Calibration
The calibration measurement is done by using a reference antenna (SGH used in figure 10.2.3.3.2 -1) with known efficiency or gain values. In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (C↔A, as in figure 10.2.3.3.2 -1) from the DUT to the measurement receiver is calibrated out. Figure 10.2.3.3.2 -1 presents a setup of a typical compact antenna test range.


Figure 10.2.3.3.2-1: CATR calibration system setup for OTA E-UTRA DL RS power
1)	Path loss calibration C→A:
a)	Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyser (or equivalent measurement equipment) to obtain ΓSGH.
b)	Measure cable loss from point C to input of SGH, call this LC↔SGH which is the equivalent of 20log|S21| from the use of a network analyser.
c)	Calculate the combined total path loss from C→A by using the following expression:
-	LSGHcal = LC,SGH + 10log(1 - |ΓSGH|2) - GSGH;
-	where  10log(1 - |ΓSGH|2)  is the compensation for SGH connector return loss, GSGH  is the known gain of the reference SGH.
2)	Connect SGH and C↔A cable.
3)	To remove polarization(s) mismatch between range antenna (labelled as feeder antenna in diagram) and SGH use positions to position the SGH in the boresight of range antenna.
4)	Measure path loss C→B with network analyzer LC→B = 20log|S21|.
5)	Calculate the test path loss compensation factor.  This is the total path loss between A↔B using the results from step 1c and 4. L =  LSGHcal  - LC→B.
Where ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer).
[bookmark: _Toc13066152]10.2.3.3.3	Procedure
1)	Set up AAS BS in place of SGH from calibration stage.  Align DUT with boresight of range antenna.
2)	Rotate the AAS BS to make the testing direction aligned with the direction of the receiving antenna.
3)	Configure TX branch and carrier according to maximum power requirement and test configuration.
4)	Set the AAS BS to transmit the test signal.
5)	Measure the appropriate test parameter 
6)	Repeat steps 2-6 for all conformance test beam direction pairs and test conditions.
The appropriate test parameter in step 6 for DL RS power is PDL_RS the measured signal power of DL RS EIRP (in the beam peak direction), calculation of EIRP EIRPDL_RS using the following equation:
	EIRPDL_RS_p(x) = PDL_RS_meas + LA→B.
And
EIRPDL_RS = EIRPDL_RS_p1 + EIRPDL_RS_p2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
[bookmark: _Toc13066153]10.2.3.3.4	MU assessment 
[bookmark: _Toc13066154]10.2.3.3.4.1	MU Budget
As the DL RS power is an absolute measurement most of the uncertainties form the EIRP accuracy remain the same. Also it can be noted that the measured signal is a wanted signal and hence will be beam formed in the same way as the wanted signal, hence any errors which may be dependent on the beam shape will be the same as for the EIRP accuracy measurement.
Table 10.2.3.3.4.1-1: CATR uncertainty budget format for OTA E-UTRA DL RS power measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	E2-1

	2
	RF power measurement equipment
	F1

	3
	Standing wave between DUT and test range antenna
	E2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	5
	QZ ripple DUT
	E2-5

	19
	Miscellaneous uncertainty
	E2-2

	23
	MU of TE derived from conducted specification (conducted MU / 1.96)
	F2

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	F1

	7
	Mismatch of receiver chain
	E2-7

	8
	Insertion loss variation of receiver chain
	E2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	10
	Influence of the calibration antenna feed cable:
a)	Flexing cables, adapters, attenuators, connector repeatability
	E2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	F1

	12
	Misalignment positioning system
	E2-11

	13
	Misalignment of calibration antenna and test range antenna
	E2-1

	14
	Rotary Joints
	E2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	E2-3

	16
	Quality of quiet zone
	E2-5

	20
	Switching uncertainty
	E2-15



[bookmark: _Toc13066155]10.2.3.3.4.2	MU Value
Table 10.2.3.3.4.2-1: CATR uncertainty assessment for OTA E-UTRA DL RS power measurement
	EIRP uncertainty budget

	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
	0
	Exp. normal
	2
	1 
	0
	0

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

	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

	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]


	0.64
	0.77

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


	1.25
	1.52



[bookmark: _Toc13066156]10.2.3.4	Near Field
[bookmark: _Toc13066157]10.2.3.4.1	General
The near field measurement techniques consist in measuring amplitude and phase of the modulated signal at the AAS BS under test, on some specific surfaces such as planar, cylindrical, and spherical. Each of the near field test methods can be implemented by one or more mechanical rotations of the probe and/or AAS BS under test as shown in figure 10.2.3.2.4.1-1. One or more mechanical movement can be substitute by a probe array. All the scanning methods will need an RF transmit and receive system equipped with an automated scanning, a data collection and control system, and computerized analysis ability. 
[image: NF setup]
Figure 10.2.3.4.1-1: Probe/scanner near field systems: spherical, cylindrical and planar
NOTE:	Although there are three methods available for obtaining the near field data, the spherical method is used as a working example. 
In case the radiated field is sampled on a sphere surrounding completely the AAS BS under test, the 3D full sphere EIRP value can be measured in near field when the AAS BS is transmitting a defined modulated signals in a declared beam. The near field measurement technique would imply the use of mathematical artefact, NF to FF transform in order to have the EIRP value the in far field. The near field to far field transform is based on the well-known Huygens-Fresnel principle. The spherical modal wave expansion is the implicit application of the Huygens principle. A direct solution of the Helmholtz equations is found by applying boundary conditions on the surface S at infinity. From the tangential fields over the surface, the modal coefficients can be determined using the orthogonality of the modal expansion. Based on this formulation, the near field sampling criteria does play an important role
[bookmark: _Toc13066158]10.2.3.4.2	Calibration
Stage 1 – Calibration: 
Calibration accounts for the various factors affecting the measurements of the EIRP. These factors include components such as range length path loss, cable losses, gain of the receiving antenna, etc. Each measured data point for both radiated power and radiated sensitivity is transformed from a relative value in dB to an absolute value in dBm. For doing that the total path loss from the DUT to the measurement receiver, named L path loss is calibrated out. The calibration measurement is usually done by using a reference antenna with known gain. This approach is based on the so called gain-comparison method [25]. Figure 10.2.3.4.2 -1 shows the typical configuration for measuring path loss.
[image: Typical Path Loss Measurement configurationFigure 10]
Figure 10.2.3.4.2-1: Typical Lpath loss measurement configuration
The Lpath loss can be determined from the power into the reference antenna by adding the gain of the reference antenna:
	Piso = Pref + Gref
so that:
	Lpath loss = Pref + Gref - Ptest 
In order to determine Pref, a cable reference measurement is performed in order to calibrate out the A, and B paths. Assuming that the power at the source is fixed, it can be showed that:
	Pref-Ptest=Prec'-Prec
Where Prec and Prec' are the power measured at the receiver during the calibration measurement with the reference antenna and the power measured at the receiver during the cable reference measurement respectively. Lpath loss is then given by:
	Lpath loss = Gref + Prec' – Prec
[bookmark: _Toc13066159]10.2.3.4.3	Procedure
Stage 2 - Measurement:
The testing procedure consists of the following steps:
1)	AAS BS near field radiation pattern measurement: this is performed with the AAS BS transmitting a defined modulated signal, as defined in appropriate conformance test specification [24].
a.	DL RS is measured during near field radiation pattern measurement and used as the basis for the NF to FF transformation.
2)	AAS BS near field to far field transformation: the near field power calibration is applied.
The near field to far field transformation is a mathematical computation which is applied to the near field measured radiation pattern in order to compute the far field radiation pattern. It is typically performed expanding the measured near field over a set of orthogonal basis functions. The near to far field transform is then performed in two steps:
1)	Expansion (or projection) of the measured near field (i.e. Emeas(r)) over a set of orthogonal basis functions (i.e. Fbasis(r)) in order to evaluate the transformed spectrum:
	Emeas(r) = Spectrum * Fbasis(r)
2)	FF (i.e. EFF) computation using the previuosly calculated spectrum and with the basis functions evaluated at r∞ (i.e. Fbasis(r  ∞)): 
	EFF = Spectrum * Fbasis(r  ∞)
When performing the near field to far field transformation, the gain calibration is applied so that the near field pattern will be transformed from relative power (i.e. dB) to absolute power (i.e. dBm). In this specific case, the EIRP far field pattern is expressed in terms of the absolute power radiated by the AAS BS in the declared beam:
1)	DL RS power EIRP: once the full 3D far field EIRP pattern has been computed, the DL RS power EIRP can be derived at the beam peak direction according to the declared beam direction pair.
[bookmark: _Toc13066160]10.2.3.4.4	MU assessment
[bookmark: _Toc13066161]10.2.3.4.4.1	MU budget
Table 10.2.3.4.4-1: Near field test range uncertainty contributors in AAS OTA E-UTRA DL RS power 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
	E3-1

	2
	Axes Orthogonality
	E3-2

	3
	Horizontal Pointing
	E3-3

	4
	Probe Vertical Position
	E3-4

	5
	Probe H/V pointing
	E3-5

	6
	Measurement Distance
	E3-6

	7
	Amplitude and Phase Drift
	E3-7

	8
	Amplitude and Phase Noise
	E3-8

	9
	Leakage and Crosstalk
	E3-9

	10
	Amplitude Non-Linearity
	E3-10

	11
	Amplitude and Phase Shift in rotary joints
	E3-11

	12
	Channel Balance Amplitude and Phase
	E3-12

	13
	Probe Polarization Amplitude and Phase
	E3-13

	14
	Probe Pattern Knowledge
	E3-14

	15
	Multiple Reflections
	E3-15

	16
	Room Scattering
	E3-16

	17
	DUT support Scattering
	E3-17

	18
	Scan Area Truncation
	E3-18

	19
	Sampling Point Offset
	E3-19

	20
	Spherical Mode Truncation
	E3-20

	21
	Positioning
	E3-21

	22
	Probe Array Uniformity
	E3-22

	23
	Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
	E3-23

	24
	Insertion loss of receiver chain
	E3-24

	25
	Uncertainty of the absolute gain of the probe antenna
	E3-25

	36
	MU of TE derived from conducted specification
	F2

	27
	Measurement repeatability - Positioning Repeatability
	E3-27

	
	Stage 1: Calibration measurement

	28
	Uncertainty of network analyser
	E

	29
	Mismatch of receiver chain
	B4-29

	30
	Insertion loss of receiver chain
	B4-30

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

	32
	Influence of the calibration antenna feed cable
	B4-32

	33
	Influence of the probe antenna cable
	B4-33

	34
	Uncertainty of the absolute gain of the calibration antenna
	E

	35
	Short term repeatability
	B4-35



Note:	Refer to TR37.842 Annex B for description of each uncertainty term
[bookmark: _Toc13066162]10.2.3.4.4.2	MU value
Table 10.2.3.4.4.2-1: Near field test range uncertainty assessment for OTA E-UTRA DL RS 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
	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
	Scan Area Truncation
	0.003
	0.003
	Gaussian
	1.00
	1
	0.00
	0.00

	19
	Sampling Point Offset
	0.0058
	0.0058
	Gaussian
	1.00
	1
	0.01
	0.01

	20
	Spherical Mode Truncation
	0.015
	0.015
	Gaussian
	1.00
	1
	0.02
	0.02

	21
	Positioning
	0.03
	0.03
	Rectangular
	1.73
	1
	0.02
	0.02

	22
	Probe Array Uniformity
	0.055
	0.055
	Gaussian
	1.00
	1
	0.06
	0.06

	23
	Mismatch of receiver chain 
	0.284
	0.284
	U-Shaped
	1.41
	1
	0.20
	0.20

	24
	Insertion loss of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	25
	Uncertainty of the absolute gain of the probe antenna
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	36
	MU of TE derived from conducted specification
	0.41
	0.56
	Gaussian
	1.00
	1
	0.41
	0.56

	27
	Measurement repeatability - positioning repeatability
	0.15
	0.15
	Gaussian
	1.00
	1
	0.15
	0.15

	Stage 1: Calibration measurement

	28
	Network analyzer
	0.13
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20

	29
	Mismatch of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	30
	Insertion loss of receiver chain
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	31
	Mismatch in the connection of the calibration antenna
	0.02
	0.02
	U-Shaped
	1.41
	1
	0.01
	0.01

	32
	Influence of the calibration antenna feed cable
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	33
	Influence of the probe antenna cable
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00

	34
	Reference antenna
	0.50
	0.25
	Rectangular
	1.73
	1
	0.29
	0.25

	35
	Short term repeatability
	0.088
	0.088
	Gaussian
	1.00
	1
	0.09
	0.09

	Combined standard uncertainty (1σ) [dB]


	0.6
	0.71

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


	1.17
	1.39



[bookmark: _Toc13066163]10.2.3.5	Summary
{editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}
The different OTA test chamber MU are summarised below:
Table 10.2.3.5-1: Test system specific measurement uncertainty values for the OTA E-UTRA DL RS power test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1.15
	1.43

	Compact Antenna Test Range
	1.25
	1.52

	Near Field chamber
	1.17
	1.39

	…
	
	

	Common maximum accepted test system uncertainty
	1.3
	1.5



[bookmark: _Toc13066164]10.2.4	OTA Output power dynamics
[bookmark: _Toc13066165]10.2.4.1	General
There are a number of UTRA and E-UTRA dynamic power requirements, they are all relative requirements which specify the dynamic range and step size accuracy of UTRA code domain channels and E-UTRA RE’s.
As the requirements are differential many of the measurement uncertainty values may cancel out however, in some cases demodulated signal power level (code domain power or RE power) are compared to maximum carrier power. As such the differential measurements may use different test equipment setting and hence not all test equipment uncertainties are cancelled out.
In all cases the measured signal are wanted signals and will be subject to the same beam forming as the main beam.
The conducted measurement has only 1 variable that being the measurement equipment. The measurement equipment MU can therefore be assumed to be the same as the conducted MU.
With a 95% confidence level (1.96σ) and a Gaussian distribution the test equipment MU is 0.4dB.
[bookmark: _Toc13066166]10.2.4.2	In-door anechoic chamber
[bookmark: _Toc13066167]10.2.4.2.1	General
This method measures the EIRP 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 figure 10.2.3.2.1-1.
[bookmark: _Toc13066168]10.2.4.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2
[bookmark: _Toc13066169]10.2.4.2.3	Procedure
Reference procedure in subclause 10.2.3.2.3 where in step 6 the appropriate measurement is:
The appropriate test parameter in step 6 for the output power dynamics vary depending on the specific measurement as described for the conducted measurement in TS 37.145-1 in each case however the EIRP measurement is made on both polarisations and added as follows:
	EIRPmeas_p(x) = Pmeas_p(x) + LA→B.
And
	EIRPmeas = EIRPmeas_p1 + EIRPmeas_p2 
where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
Furthermore, the measurement is performed twice; once with the BS transmitting at Prated,c,EIRP on all PRBs and then a second time with the BS transmitting on a single PRB. Both measurements are made in the same conformance direction in the same calibrated test setup. The ratio of these two EIRP levels is used to assess compliance for the OTA total power dynamic range.
[bookmark: _Toc13066170]10.2.4.2.4	MU assessment 
[bookmark: _Toc13066171]10.2.4.2.4.1	MU Budget
As the output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out as the same error will be applied to both of the measured OTA signals. 
This includes all calibration errors, misalignment errors, impedance mismatch and mutual coupling.
As the both the measured OTA signal will have the same beam pattern quiet zone errors, phase curvature errors also can be expected to be the same for both signals.
The uncertainty budget descriptions are the same as those in table 10.2.3.2.4.1-1 with the addition descriptions in tble 10.2.4.2.4.1-1.
Table 10.2.4.2.4.1-1: Indoor Anechoic Chamber uuncertainty contributions
for AAS BS OTA E-UTRA Total power dynamic range measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna (note 1)
	E1-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna. (note 1)
	E1-2

	3
	Quality of quiet zone (note 1)
	E1-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna (note 1)
	E1-4

	5
	Mutual coupling between the AAS BS and the receiving antenna (note 1)
	E1-5

	6
	Phase curvature (note 1)
	E1-6

	8
	Impedance mismatch in the receiving chain (note 1)
	E1-8

	9
	Random uncertainty (note 1)
	E1-9

	23
	Uncertainty of conducted measurement (conducted MU / 1.96)
	F2

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer  (note 1)
	E1-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna (note 1)
	E1-11

	12
	Impedance mismatch between the reference antenna and the network analyzer (note 1)
	E1-12

	13
	Quality of quiet zone (note 1)
	E1-3

	14
	Polarization mismatch for reference antenna (note 1)
	E1-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	E1-5

	16
	Phase curvature  (note 1)
	E1-6

	17
	Uncertainty of the Network Analyzer (note 1)
	F1

	18
	Influence of the reference antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability (note 1)
	E1-14

	19
	Reference antenna feed cable loss measurement uncertainty (note 1)
	E1-15

	20
	Influence of the receiving antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability (note 1)
	E1-16

	21
	Uncertainty of the absolute gain of the reference antenna (note 1)
	F1

	22
	Uncertainty of the absolute gain of the receiving antenna (note 1)
	E1-18

	Note 1: These uncertainties cancel out as the requirement is differential



[bookmark: _Toc13066172]10.2.4.2.4.2	MU Value
The MU uncertainty assessment is shown in table 10.2.4.2.4.2-1, zero values have been omitted in the table for the sake of space, but still be considered as part of the budget.
Table 10.2.4.2.4.2-1: Indoor Anechoic Chamber uncertainty assessment for OTA Total power dynamic range 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

	23
	Uncertainty of the RF Power Measurement Equipment
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	
	
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]


	0.21
	0.21

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


	0.42
	0.42



The same uncertainty assessments have been carried out for the UTRA dynamic range requirements (Power control steps, Power control dynamic range, Total power dynamic range, IPDL Time mask). In each case the uncertainty for the conducted measurement is the same as that for the conducted MU in TS 25.141 as follows:
Power control steps, Uncertainty of conducted measurement = 0.1 dB, Expanded OTA uncertainty = 0.15dB.
Power control dynamic range, Uncertainty of conducted measurement = 1.1 dB, Expanded OTA uncertainty = 1.11dB.
Total power dynamic range, Uncertainty of conducted measurement = 0.3 dB, Expanded OTA uncertainty = 0.32dB.
IPDL Time mask, Uncertainty of conducted measurement = 0.7dB, Expanded OTA uncertainty = 0.71dB.
[bookmark: _Toc13066173]10.2.4.3	CATR
[bookmark: _Toc13066174]10.2.4.3.1	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 10.2.3.3.1-1) 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.
[bookmark: _Toc13066175]10.2.4.3.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.3.2
[bookmark: _Toc13066176]10.2.4.3.3	Procedure
Reference procedure in subclause 10.2.3.2.3 where in step 6 the appropriate measurement is:
The appropriate test parameter in step 6 for the output power dynamics vary depending on the specific measurement as described for the conducted measurement in TS 37.145-1 in each case however the EIRP measurement is made on both polarisations and added as follows:
	EIRPmeas_p(x) = Pmeas_p(x) + LA→B.
And
	EIRPmeas = EIRPmeas_p1 + EIRPmeas_p2
where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
Furthermore, the measurement is performed twice; once with the BS transmitting at Prated,c,EIRP on all PRBs and then a second time with the BS transmitting on a single PRB. Both measurements are made in the same conformance direction in the same calibrated test setup. The ratio of these two EIRP levels is used to assess compliance for the OTA total power dynamic range.
[bookmark: _Toc13066177]10.2.4.3.4	MU assessment 
[bookmark: _Toc13066178]10.2.4.3.4.1	MU Budget
As the output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out as the same error will be applied to both of the measured OTA signals. 
This includes all calibration errors, misalignment errors, impedance mismatch and mutual coupling.
As the both the measured OTA signal will have the same beam pattern quiet zone errors, phase curvature errors also can be expected to be the same for both signals.
The uncertainty budget descriptions are the same as those in table 10.2.3.2.4.1-1 with the addition descriptions in tble 10.2.4.3.4.1-1.
Table 10.2.4.3.4.1-1: Indoor Anechoic Chamber uncertainty contributions
for OTA Total power dynamic range measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	23
	Uncertainty of conducted measurement (conducted MU / 1.96)
	F2

	Stage 1: Calibration measurement



[bookmark: _Toc13066179]10.2.4.3.4.2	MU Value
The MU uncertainty assessment is shown in table 10.2.4.3.4.2-1, zero values have been omitted in the table for the sake of space, but still be considered as part of the budget.
Table 10.2.4.3.4.2-1: CATR uncertainty assessment for OTA Total power dynamic range measurement
	EIRP uncertainty budget

	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

	23
	Uncertainty of conducted measurement
	0.20
	0.20
	 Gaussian
	1
	 1
	0.20
	0.20

	Stage 1: Calibration measurement

	
	
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]


	0.20
	0.20

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


	0.40
	0.40



The same uncertainty assessments have been carried out for the UTRA dynamic range requirements (Power control steps, Power control dynamic range, Total power dynamic range, IPDL Time mask). In each case the uncertainty for the conducted measurement is the same as that for the conducted MU in TS 25.141 as follows:
Power control steps, Uncertainty of conducted measurement = 0.1 dB, Expanded OTA uncertainty = 0.1dB.
Power control dynamic range, Uncertainty of conducted measurement = 1.1 dB, Expanded OTA uncertainty = 1.1dB.
Total power dynamic range, Uncertainty of conducted measurement = 0.3 dB, Expanded OTA uncertainty = 0.3dB.
IPDL Time mask, Uncertainty of conducted measurement = 0.7dB, Expanded OTA uncertainty = 0.7dB.
[bookmark: _Toc13066180]10.2.4.4	Near Field Test range
[bookmark: _Toc13066181]10.2.4.4.1	Description
The near field measurement techniques consist in measuring amplitude and phase of the modulated signal at the AAS BS under test, on some specific surfaces such as planar, cylindrical, and spherical. The measurement setup is as depicted in clause 10.2.3.4.1.
[bookmark: _Toc13066182]10.2.4.4.2	Calibration
Calibration shall be performed with the same procedure as in clause 10.2.3.4.2.
[bookmark: _Toc13066183]10.2.4.4.3	Procedure
The measurement procedure consists of the following steps:
1)	Measure full DL RS pattern according to the procedure in clause 10.2.3.4.3.
2)	From the beam peak direction
a.	Measure the appropriate test parameter as specified for the conducted measurement in TS 37.145-1 for conducted measurement in each case however the signal power is measured for both polarizations.
[bookmark: _Toc13066184]10.2.4.4.4	MU assessment
[bookmark: _Toc13066185]10.2.4.4.4.1	MU budget
As the output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out as the same error will be applied to both of the measured OTA signals. 
The uncertainty budget descriptions are the same as those in table 10.2.3.3.4.1-1 (excluding uncertainties from the NF to FF transformation, since the transformation is not needed) with the addition descriptions in tble 10.2.4.4.4.1-1:
Table 10.2.4.4.4.1-1: Near Field uncertainty contributions for OTA E-UTRA Total power dynamic range measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	23
	Uncertainty of conducted measurement (conducted MU / 1.96)
	F2

	Stage 1: Calibration measurement



[bookmark: _Toc13066186]10.2.4.4.4.2	MU value
The MU uncertainty assessment is shown in table 10.2.4.4 .4.2-1, zero values have been omitted in the table for the sake of space, but still be considered as part of the budget.
Table 10.2.4.4.4.2-1: Near Field uncertainty assessment for E-UTRA OTA E-UTRA Total power dynamic range measurement
	EIRP uncertainty budget

	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

	23
	Uncertainty of conducted measurement
	0.20
	0.20
	 Gaussian
	1
	 1
	0.20
	0.20

	Stage 1: Calibration measurement

	
	
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]


	0.20
	0.20

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


	0.40
	0.40


	
[bookmark: _Toc13066187]10.2.4.5	Summary
The different OTA test chamber MU are summarised below:
Table 10.2.4.5-1: Test system specific measurement uncertainty values for the OTA E-UTRA dynamic range test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	0.42
	0.42

	Compact Antenna Test Range
	0.4
	0.4

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	0.4
	0.4



Table 10.2.4.5-2: Test system specific measurement uncertainty values for the UTRA Power control steps test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	0.15
	0.15

	Compact Antenna Test Range
	0.1
	0.1

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	0.1
	0.1



Table 10.2.4.5-3: Test system specific measurement uncertainty values for the UTRA Power control dynamic range test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1.11
	1.11

	Compact Antenna Test Range
	1.1
	1.1

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	1.1
	1.1



Table 10.2.4.5-4: Test system specific measurement uncertainty values for the OTRA Total power dynamic range test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	0.32
	0.32

	Compact Antenna Test Range
	0.3
	0.3

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	0.3
	0.3



Table 10.2.4.5-5: Test system specific measurement uncertainty values for the UTRA IPDL Time mask test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	0.71
	0.71

	Compact Antenna Test Range
	0.7
	0.7

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	0.7
	0.7



[bookmark: _Toc13066188]10.2.5	OTA Transmitted signal quality –Frequency Error
[bookmark: _Toc13066189]10.2.5.1	General
Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.
Frequency error is not affected by any  time or frequency varying amplitude errors. It is possible that some aspects of the OTA environment may impact the signal fidelity; for example, ripple in a quiet zone relates to reflections in the chamber and may create a frequency specific ripple. It is not expected that such effects would have any significant impact on the frequency error As long as the signal is large enough the only measurement uncertainty will be associated with the measurement equipment. It is important that considering the chamber path loss and gain of the measurement antenna and equipment, the test equipment is provided with a sufficient RX power level. As a guide, measurement equipment vendors quote EVM accuracy down to approx -20dBm input power for E-UTRA signals.
A quick look at the power levels for a AAS under test:
Looking a few typical output power levels and antenna arrangements for different BS classes:

	Class
	Pout (dBm)
	G_AAS (dBi)
	L_ant
(m)
	d_FF
(m)
	FSPL
(dB)
	G_RX (dBi)
	P_RX (dBm)

	wide
	43
	17
	1
	13.33
	60.96
	9
	8.04

	med
	38
	9
	0.5
	6.67
	54.94
	9
	1.06

	local
	24
	5
	0.2
	2.67
	46.98
	9
	-8.98



It can be seen that there is considerable margin over -20dBm for the received power level, so it seems unlikely that this will cause any measurement problems.
As the OTA test system is not expected to substantially affect the measurement accuracy for frequency error the existing conducted MU can be used.
[bookmark: _Toc13066190]10.2.5.2	In-door anechoic chamber
[bookmark: _Toc13066191]10.2.5.2.1	General
This method measures the frequency error 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 figure 10.2.3.2.1-1.
[bookmark: _Toc13066192]10.2.5.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2 to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066193]10.2.5.2.3	Procedure
Reference procedure in subclause 10.2.3.2.3 where in step 6 the appropriate measurement parameter is frequency error. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference direction.
[bookmark: _Toc13066194]10.2.5.2.4	MU assessment 
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
[bookmark: _Toc13066195]10.2.5.3	CATR
[bookmark: _Toc13066196]10.2.5.3.1	General
[bookmark: _Toc13066197]10.2.5.3.2	Calibration
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.
[bookmark: _Toc13066198]10.2.5.3.3	Procedure
As the frequency error is tested together with EVM, the measurement procedure is same with EVM. 
1) Align DUT with boresight of range antenna. 
2) Configure TX branch and carrier according to required test configuration
3) Measure frequency error of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument) denoted in figure [10.2.5.3.1-1]. 
4) Repeat steps 3-4 for all conformance test direction as described in 3GPP TS 37.145-2 [24], subclause 6.2. 
6) Repeat steps 3-5 for all conformance test models listed in 3GPP TS 37.145-2 [24]. Note: all the discussions above are based on the measurement pre-condition of reference clock synchronized between measurement system with RF frequency signal denoted in figure [10.2.5.3.1-1].
[bookmark: _Toc13066199]10.2.5.3.4	MU assessment 
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
[bookmark: _Toc13066200]10.2.5.4	Near Field
[bookmark: _Toc13066201]10.2.5.4.1	General
The system is depicted in section 10.2.3.4.1. In case of OTA Frequency Error type of measurements, NF to FF transform is not needed. Frequency Error is measured in Near Field for the declared direction.
[bookmark: _Toc13066202]10.2.5.4.2	Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in 10.2.3.4.2 to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066203]10.2.5.4.3	Procedure
Stage 2 – Measurement:
1.	The testing procedure consists of the following steps: Align the AAS BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured
2.	Configure TX branch and carrier according to the manufacturer’s declared rated output power
3.	Set the AAS BS to transmit the test signal according to appropriate test models.
4.	Measure Frequency Error of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument).
5.	Repeat steps 3-5 for other appropriate test models.
For conformance tests, Frequency Error shall be measured at maximum power setting.
[bookmark: _Toc13066204]10.2.5.4.4	MU assessment 
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
[bookmark: _Toc13066205]10.2.5.5	Summary
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error measurement uncertainty. The frequency error MU is ±12 Hz.
[bookmark: _Toc13066206]10.2.6	OTA Transmitted signal quality –EVM
[bookmark: _Toc13066207]10.2.6.1	General
EVM is defined as:
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex E. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. 
Although EVM is represented as a % it can also be thought of as a relative power ratio in dBc, when looked at as a power ratio the effect of potential amplitude errors in the OTA chamber can be seen

[image: ]
Figure 10.2.6.1-1: Example of EVM as a power ratio in dB.
In the example the co-channel noise is 45dBc which equates to an EVM of 0.56%, if the measurement system were to alter the ratio between the wanted signal and the co-channel signal then this would affect the EVM result in %.
[bookmark: _Toc13066208]10.2.6.1.1	Test equipment MU
The existing conducted MU is 1% which is added in a linear fashion to the requirement, for example for 64QAM the 8% core requirement becomes a 9% test requirement.
Sources of EVM which are independent of each other however are added in an rms fashion, for an independent EVM contributor to change 8% to 9% would require an EVM of:

	 (2.8% for 256QAM)
The test equipment MU is quoted at approx [2%], so is greater than the MU value itself but smaller than allowable MU assuming an independent source.
[bookmark: _Toc13066209]10.2.6.2	In-door anechoic chamber
[bookmark: _Toc13066210]10.2.6.2.1	General
This method measures the EVM 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 figure 10.2.3.2.1-1.
[bookmark: _Toc13066211]10.2.6.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2 to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066212]10.2.6.2.3	Procedure
Reference procedure in subclause 10.2.3.2.3 where in step 6 measure the EVM for the appropriate test case and the specific test models are the same as those for the equivalent conducted requirement in TS 37.145-1. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference direction.10.2.6.2.4	MU assessment 
[bookmark: _Toc13066213]10.2.6.2.3.1	MU Budget
As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the requirement is effectively differential and most of the OTA chamber errors will cancel out.
The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase profile. These items are included in both the calibration error and the measurement error, as the requirement is differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase. The calibration errors will cancel as calibration is only done one so they will be the same for both wanted and unwanted signals.
Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. 
As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. 
The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing errors was examined considering a worst case scenario, in which variation in space of EVM is maximal due to the ideal signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a significant error in the measured EVM. Considering all likely chamber sizes, for E-UTRA any scattering would fall within the cyclic prefix of the OFDM symbol and hence not cause ISI. Furthermore, the likely delay spread of any scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase. Thus it was concluded that the impact scattering within the measurement chamber would be negligible.
[bookmark: _Toc13066214]10.2.6.2.3.2	MU Value
The uncertainty causing by power variations when measuring EVM is indicated in table 10.2.6.2.4.2-1:
Table 10.2.6.2.3.2-1: Indoor Anechoic Chamber uncertainty assessment for power uncertainty aspects of OTA EVM
	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

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

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	
	0.05
	0.05

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	
	
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]


	0.13
	0.13

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


	0.25
	0.25



The indoor anechoic chamber budget is carried out without consideration of the measurement equipment as this MU is given in %, converting to dB gives, for example:
2% is equivalent to 20*log10(2/100) = -33.98dB
If the unwanted signal is 0.25dB higher than the wanted due to the test system then this will be degraded to -33.73dB, and
	-33.73dB is equivalent to;	10(-33.73/20) *100 = 2.06%
Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
Note:	Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or any other errors not related to amplitude calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.
[bookmark: _Toc13066215]10.2.6.3	CATR
[bookmark: _Toc13066216]10.2.6.3.1	General
In a Compact Antenna Test Range (CATR) 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.  There is sufficient separation between the DUT and the receiver (feed antenna shown in figure 10.2.3.3.1-1) so that the emanating spherical wave achieves nearly plane phase fronts from transmitter to receiver. The range feed antenna is connected to a vector network analyzer or other equivalent test equipment.
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 considered.
[bookmark: _Toc13066217]10.2.6.3.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.3.2 to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066218]10.2.6.3.3	Procedure
Reference procedure in subclause 10.2.3.3.3 where in step 6 the appropriate measurement parameter is the time alignment error and the specific test models are the same as those for the equivalent conducted requirement in TS 37.145-1. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference direction.
[bookmark: _Toc13066219]10.2.6.3.4	MU assessment 
[bookmark: _Toc13066220]10.2.6.3.4.1	MU Budget
As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the requirement is effectively differential and most of the OTA chamber errors will cancel out.
The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase profile. These items are included in both the calibration error and the measurement error, as the requirement is differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase. The calibration errors will cancel as calibration is only done one so they will be the same for both wanted and unwanted signals.
Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. 
As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. 
The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing errors was examined considering a worst case scenario, in which variation in space of EVM is maximal due to the ideal signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a significant error in the measured EVM. Considering all likely chamber sizes, for E-UTRA any scattering would fall within the cyclic prefix of the OFDM symbol and hence not cause ISI. Furthermore, the likely delay spread of any scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase. Thus it was concluded that the impact scattering within the measurement chamber would be negligible.
[bookmark: _Toc13066221]10.2.6.3.4.2	MU Value
The uncertainty causing by power variations when measuring EVM is indicated in table 10.2.6.2.4.2-1:
Table 10.2.6.3.4.2-1: CATR uncertainty assessment for power variation aspects for OTA E-UTRA DL RS power measurement
	EIRP uncertainty budget

	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

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

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

	Stage 1: Calibration measurement

	
	
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]


	0.18
	0.18

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


	0.35
	0.35



The CATR budget is carried out without consideration of the measurement equipment as this MU is given in %, converting to dB gives, for example:
2% is equivalent to 20*log10(2/100) = -33.98dB
If the unwanted signal is 0.35dB higher than the wanted due to the test system then this will be degraded to -33.63dB, and
	-33.63dB is equivalent to;	10(-33.63/20) *100 = 2.08%
Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
Note:	Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or any other errors not related to amplitude calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.
[bookmark: _Toc13066222]10.2.6.4	Near Field
[bookmark: _Toc13066223]10.2.6.4.1	General
The system is depicted in section 10.2.3.4.1. In case of OTA EVM type of measurements, NF to FF transform is not needed. EVM is measured in Near Field for the declared directions.
[bookmark: _Toc13066224]10.2.6.4.2	Test method limitations and scope
For AAS BS implementations that point a beam in the EVM conformance direction during testing, the near field technique may report too high, but will never report too low EVM. In case the BS does not point a beam centre in the test direction, there is a risk of the near field technique report too low EVM
[bookmark: _Toc13066225]10.2.6.4.3	Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in 10.2.3.4.2. to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066226]10.2.6.4.4	Procedure
Stage 2 - Measurement:
The testing procedure consists of the following steps:
1.	Align the AAS BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured
2.	Configure TX beamforming and carrier according to the manufacturer's declared rated output power
3.	Set the AAS BS to transmit the test signal according to the appropriate test model.
4.	Measure EVM of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument).
5.	Repeat steps 3-4 for all conformance test beam direction pairs as described in 3GPP TS 37.145-2 [24], subclause 6.2.
6.	Repeat steps 3-5 for other appropriate test models.
The EVM of each carrier for different modulation schemes on (HS-)PDSCH to be less than the limits defined in 3GPP TS 37.105 [3], subclause 9.6.
For conformance tests, EVM shall be measured at maximum and minimum power settings while frequency error, and occupied BW at only maximum power setting.
[bookmark: _Toc13066227]10.2.6.4.5	MU assessment 
[bookmark: _Toc13066228]10.2.6.4.5.1	MU Budget
EVM is a relative measurement given that the wanted signal and noise signal are at the same frequency and measured at the same time therefore most of the OTA anechoic chamber errors will cancel out.
Nearly all of uncertainty terms for the EVM measurement and EVM calibration are the same and hence EVM is a differential or relative measurement.   
Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. The importance and impact of such effects  is likely to be even smaller than for far field based measurements.
As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quiet zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. Analysis of the effect of such effects is that the effects will be even smaller than for far field based measurements.
[bookmark: _Toc13066229]10.2.6.4.5.2	MU Value
The Near Field budget is carried out without consideration of the measurement equipment therefore the MU is given in % and can be converted to dB , for example:
2% is equivalent to 20*log10(2/100) = -33.98dB
If the unwanted signal is 0.35dB higher than the wanted due to the test system then this will be degraded to -33.63dB, and
	-33.63dB is equivalent to;	10(-33.63/20) *100 = 2.08%
Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
For Near Field Test Range a new measurement uncertainty term shall be added to the MU. This term will take into account the fact that in Near Field the phase pattern will sum up so that the signal level is increasing while the noise level is the same. This MU term will only cause an error in the direction of increasing the reported EVM value and not decreasing it, and will depend on the implementation of the DUT.
Thus for the near field test range the MU is decided to be 1% + increase in EVM due to different wanted signal/distortion beam patterns (dependent on DUT architecture).
Note:	Analysis of the phase uncertainties indicates that the contributions are not significant enough to affect the final MU value, however if future work indicates that phase or any other errors not related to amplitude calibration may affect the EVM measurement uncertainty, the MU analysis may need to be re-examined.
[bookmark: _Toc13066230]10.2.6.5	Summary
Without consideration of any phase uncertainty, the amplitude error analysis shows the conducted MU of 1% can be maintained for the OTA MU (subject to the clarification noted in the limitations section that the reported EVM may be greater than the real EVM due to the difference between near field and far field EVM values. The extent of such a difference is dependent on the architecture of the DUT). 
Note:	Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or any other errors not related to amplitude calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.
[bookmark: _Toc13066231]10.2.7	OTA Transmitted signal quality –TAE
[bookmark: _Toc13066232]10.2.7.1	General
TAE is the timing difference between 2 modulated signals, either TX diversity, MIMO or CA carriers. Conducted TAE is measured as follows:
[image: ]
Figure 10.2.7.1-1 – Conducted TAE measurement set up
As the conducted signals are combined before being input to the test equipment the OTA test is simple to implement.
[image: ]
Figure 10.2.7.1-2 – OTA TAE measurement set up
The OTA signals are both transmitted from the AAS BS and added at the test receive antenna. As the test paths for the 2 signals are identical there are no additional timing errors added to the test system compared to the conducted test system.
As the TAE requirement is a measure of timing difference it is not affected by the accuracy of the test system amplitude calibration and measurement uncertainties. 
As long as the signals fed into the measurement equipment are of a sufficient amplitude then the only measurement uncertainty will be that of the measurement equipment itself.
The measurement equipment requires a level of > -20dBm to accurately carry out the TAE.
As the requirement is done for the wanted beam at full power, even for low power AAS BS it is not anticipated the received test signal will be lower than -10dBm.
There may be a tiny impact to signal fidelity due to scattering in the chamber, however this will be insignificant and is not expected to impact TAE.
As the OTA test system does not affect the measurement accuracy for TAE the existing conducted MU can be used.
[bookmark: _Toc13066233]10.2.7.2	In-door anechoic chamber
[bookmark: _Toc13066234]10.2.7.2.1	General
This method measures the TAE 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 figure 10.2.3.2.1-1.
[bookmark: _Toc13066235]10.2.7.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.1.2 to ensure that the SNR at the measurement equipment input is appropriate for the measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066236]10.2.7.2.3	Procedure
Reference procedure in subclause 10.2.3.1.3 where in step 6 the appropriate measurement time alignment error for the testing condition. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference direction.
[bookmark: _Toc13066237]10.2.7.2.4	MU assessment 
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
[bookmark: _Toc13066238]10.2.7.3	CATR
[bookmark: _Toc13066239]10.2.7.3.1	General
The Compact Antenna Test Range (CATR) uses the DUT which radiates a wavefront to a range antenna reflector which will then collimate the radiated spherical wavefront into a feed antenna.  The sufficient separation between the DUT and the receiver (feed antenna shown in figure 10.2.3.3.1-1) so that the emanating spherical wave reaches nearly plane phase fronts from transmitter to receiver. The DUT transmits a wavefront 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.
[bookmark: _Toc13066240]10.2.7.3.2	Calibration
Calibration of the CATR test setup should be carried out in the same manner as described for the EVM procedure in subclause 10.2.6.3.2.
[bookmark: _Toc13066241]10.2.7.3.3	Procedure
Reference procedure in subclause 10.2.3.3.3 where in step 6 the appropriate measurement parameter is the time alignment error. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference direction.
[image: ]
Figure 10.2.7.3.3-1: CATR measurement system setup for Timing Alignment Error 
1)	Align DUT with boresight of the range antenna. 
2)	Configure DUT to transmit signals carrying reference signals. All beams must be pointed at the same direction. 
	Note:	The transmitted signals should represent the beam configuration with the lowest number of beams. Each beam should be identifiable using a reference signal.
	For an AAS BS declared to be capable of single carrier operation only, set DUT to transmit according to rated beam EIRP level.
	If the AAS BS supports intra band contiguous or non-contiguous Carrier Aggregation, set DUT to transmit using the applicable test configuration and corresponding power setting specified in TS 37.145-2 subclauses 4.10 and 4.11.
	If the AAS BS supports inter band carrier aggregation, set DUT to transmit, for each band, a single carrier or all carriers, using the applicable test configuration and corresponding power setting specified in TS 37.145-2 subclauses 4.10 and 4.11.
3)	Measure the time alignment error between the reference signals with signal/spectrum analyser or equivalent equipment.
[bookmark: _Toc13066242]10.2.7.3.4	MU assessment 
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
[bookmark: _Toc13066243]10.2.7.4	Near Field
[bookmark: _Toc13066244]10.2.7.4.1	General
The system is depicted in section 10.2.3.4.1. In case of OTA Time Alignment Error type of measurements, NF to FF transform is not needed. TAE is measured in Near Field for the declared direction.
[bookmark: _Toc13066245]10.2.7.4.2	Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in section 10.2.3.4.2 to ensure that the SNR at the measurement equipment input is appropriate and the received signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066246]10.2.7.4.3	Procedure
Stage 2 - Measurement:
The testing procedure consists of the following steps:
1)	Align the AAS BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured
2)	Configure DUT to transmit signals carrying reference signals. All beams must be pointed at the same direction. 
	Note:	The transmitted signals should represent the beam configuration with the lowest number of beams. Each beam should be identifiable using a reference signal.
	For an AAS BS declared to be capable of single carrier operation only, set DUT to transmit according to rated beam EIRP level .
	If the AAS BS supports intra band contiguous or non-contiguous Carrier Aggregation, set DUT to transmit using the applicable test configuration and corresponding power setting specified in TS 37.145-2 subclauses 4.10 and 4.11.
	If the AAS BS supports inter band carrier aggregation, set DUT to transmit, for each band, a single carrier or all carriers, using the applicable test configuration and corresponding power setting specified in TS 37.145-2 subclauses 4.10 and 4.11.
3)	Measure the time alignment error between the reference signals with signal/spectrum analyser or equivalent equipment.
[bookmark: _Toc13066247]10.2.7.4.4	MU assessment 
Refer to clause 10.2.7.3.4.
[bookmark: _Toc13066248]10.2.7.5	Summary
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE measurement uncertainty.
The conducted MU value is adopted for the OTA MU, and is ±25 ns.
[bookmark: _Toc13066249]10.2.8	OTA Occupied bandwidth
[bookmark: _Toc13066250]10.2.8.1	General
Occupied BW is specified in Hz. It is defined as:
The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power
It is measured by taking a number of narrow band power measurements across the modulated BW and finding the half power level and hence the frequency points which correspond to the half power level. The measurement is effectively a differential measurement as total power and hence half power is found from the measured data.
The only effect the measurement chamber would have on the accuracy of the measurement were if the frequency response of the chamber were not flat, however a 40MHZ BW is unlikely to introduce any significant frequency ripple in a RF chamber (40MHz is 4% of 1GHz) so this effect can be ignored.
The largest error it is due to the number of measurement points taken, looking at the gap between points compared to the conducted MU:
Table 10.2.8.1-1: Occupied BW conducted MU
	Channel bandwidth BWChannel [MHz]
	0.2
	1.4
	3
	5
	10
	15
	20
	>20

	Span [MHz]
	0.4
	10
	10
	10
	20
	30
	40
	 [image: ]

	Minimum number of measurement points
	400
	1429
	667
	400
	400
	400
	400
	 [image: ]

	gap between samples (MHz)
	0.001
	0.01
	0.01
	0.025
	0.05
	0.075
	0.1
	0.1

	conducted MU (MHz)
	 
	0.03
	0.03
	0.1
	0.1
	0.3
	0.3
	0.3



The MU is 3 to 4 time larger than the distance between the measurement points. Which allows the estimation of the 3dB point to be 1.5 to 2 steps out on each side of the modulated band width.
As the OTA system will not introduce any additional frequency error and it will not introduce any additional differential amplitude error, the MU for the OTA measurement should be the same as for the conducted requirement.
It should be noted that the signal power level at the bandwidth edge required for meeting the OBW requirement is in general at least 20dB higher than the level that is required to meet unwanted emissions requirements. Thus there is very substantial room to accommodate measurement uncertainty for the OBW requirement.
[bookmark: _Toc13066251]10.2.8.2	In-door anechoic chamber
[bookmark: _Toc13066252]10.2.8.2.1	General
This method measures the occupied bandwidth 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 figure 10.2.3.2.1-1.
[bookmark: _Toc13066253]10.2.8.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2 to ensure that the SNR at the measurement equipment input is appropriate for the measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066254]10.2.8.2.3	Procedure
Reference procedure in subclause 10.2.3.1.3 where in step 6 the appropriate measurements needed for calculating occupied bandwidth.
[bookmark: _Toc13066255]10.2.8.2.4	MU assessment 
[bookmark: _Toc13066256]10.2.8.2.4.1	MU Budget
[bookmark: _Toc13066257]10.2.8.2.4.2	MU Value
[bookmark: _Toc13066258]10.2.8.3	CATR
[bookmark: _Toc13066259]10.2.8.3.1	General
In a Compact Antenna Test Range (CATR) 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.  There is sufficient separation between the DUT and the receiver (feed antenna shown in figure 10.2.3.3.1-1) so that the emanating spherical wave achieves nearly plane phase fronts from transmitter to receiver. The range feed antenna is connected to a vector network analyzer or other equivalent test equipment.
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 considered.
[bookmark: _Toc13066260]10.2.8.3.2	Calibration
Calibration of the CATR test setup should be carried out in the same manner as described for the EVM procedure in subclause 10.2.6.3.2.
[bookmark: _Toc13066261]10.2.8.3.3	Procedure
1)	Configure transmitter according to the manufacturer's declared EIRP at rated TRP. 
2)	Set the AAS BS to transmit the test signal according to applicable test model for the tested carrier BW. 
3)	Align DUT such that beam peak direction of probe antenna is aligned with the reference direction within the OTA coverage range. 
4)	Measure the Occupied BW for a single carrier positioned at M channel.
[bookmark: _Toc13066262]10.2.8.3.4	MU assessment 
[bookmark: _Toc13066263]10.2.8.3.4.1	MU Budget
[bookmark: _Toc13066264]10.2.8.3.4.2	MU Value
[bookmark: _Toc13066265]10.2.8.4	Near field
[bookmark: _Toc13066266]10.2.8.4.1	General
The system is depicted in section 10.2.3.4.1 In case of OTA Occupied BW type of measurements, NF to FF transform is not needed. Occupied BW is measured in Near Field for the declared direction
[bookmark: _Toc13066267]10.2.8.4.2	Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in 10.2.3.4.2. to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066268]10.2.8.4.3	Procedure
Stage 2 - Measurement:
The testing procedure consists of the following steps:
1)	Align the AAS BS with (Theta, Phi) angles corresponding to the declared beam peak direction to be measured
2)	Configure TX branch and carrier according to the manufacturer's declared rated output power
3)	Set the AAS BS to transmit the test signal according to the appropriate test model.
4)	Measure Occupied BW of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument).
5)	Repeat steps 3-5 for other appropriate test models.
The Occupied Bandwidth of each carrier for different modulation schemes on (HS-)PDSCH to be less than the limits defined in 3GPP TS 37.105 [3], subclause 9.6.
For conformance tests, Occupied BW shall be measured at maximum power setting.
[bookmark: _Toc13066269]10.2.8.4.4	MU assessment 
[bookmark: _Toc13066270]10.2.8.4.4.1	MU Budget
[bookmark: _Toc13066271]10.2.8.4.4.2	MU Value
[bookmark: _Toc13066272]10.2.8.5	Summary
The OTA occupied BW MU is the same as the conducted MU , as follows:
1.4MHz, 3MHz Channel BW: 30kHz
5MHz, 10MHz Channel BW: 100kHz
15MHz, ≥20MHz: Channel BW: 300kHz
[bookmark: _Toc13066273]10.2.9	EIRP accuracy – extreme conditions
[bookmark: _Toc13066274]10.2.9.1	General
For the direct far field method (see sub-clause 5.2.3.4) the MU budget is very similar to the existing MU budget for the EIRP accuracy requirement in 3GPP TR 37.842. However there are a number of additional sources of uncertainty due to the environmental enclosure that need to be added to the budget.
[bookmark: _Toc13066275]10.2.9.2	In-door anechoic chamber
[bookmark: _Toc13066276]10.2.9.2.1	General
This method measures places the AAS BS under test inside a RF transparent environmentally sealed enclosure so that the DUT temperature can be controlled whilst the result of the OTA chamber facility is at nominal temperature.
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 figure 10.2.9.2.1-1.
[image: ]
Figure 10.2.9.2.1-1: Indoor Anechoic Chamber measurement system setup for EIRP
[bookmark: _Toc13066277]10.2.9.2.2	Calibration
Calibration shall be done with the same procedure shown in 10.2.3.2.2 to ensure that the SNR at the measurement equipment input is appropriate for the measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066278]10.2.9.2.3	Procedure
Reference procedure in subclause 10.2.3.2.3  where in step 6 the measured test parameter is the EIRP.
[bookmark: _Toc13066279]10.2.9.2.4	MU assessment 
[bookmark: _Toc13066280]10.2.9.2.4.1	MU Budget
Table 10.2.9.2.4.1-1: Indoor anechoic chamber uncertainty contributions
for extreme EIRP accuracy measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	E1-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	E1-2

	32
	Quality of quiet zone (extreme)
	E1-20

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	E1-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	E1-5

	6
	Phase curvature
	E1-6

	7
	Uncertainty of the RF power measurement equipment
	F1

	8
	Impedance mismatch in the receiving chain
	E1-8

	9
	Random uncertainty
	E1.9

	30
	radome loss variation
	E1.22

	31
	wet radome loss variation
	E1.21

	33
	Change in absorber behaviour
	E1.23

	34
	Test system frequency flatness
	E1.19

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	E1-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	E1-11

	12
	Impedance mismatch between the reference antenna and the network analyzer
	E1-12

	13
	Quality of quiet zone
	E1-3

	14
	Polarization mismatch for reference antenna
	E1-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	E1-5

	16
	Phase curvature 
	E1-6

	17
	Uncertainty of the Network Analyzer
	F1

	18
	Influence of the reference antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	E1-14

	19
	Reference antenna feed cable loss measurement uncertainty
	E1-15

	20
	Influence of the receiving antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	E1-16

	21
	Uncertainty of the absolute gain of the reference antenna
	F1

	22
	Uncertainty of the absolute gain of the receiving antenna
	E1-18



[bookmark: _Toc13066281]10.2.9.2.4.2	MU Value
Table 10.2.9.2.4.2-1: Indoor anechoic chamber uncertainty assessment for extreme EIRP accuracy measurement
	Indoor anechoic

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

	
	
	f<3 GHz
	3<f<6 GHz
	
	
	
	f≤3 GHz
	3<f≤6 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	0.03
	Rectangular
	1.73
	1
	0.02
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0.3
	0.3
	Rectangular
	1.73
	1
	0.17
	0.17

	32
	Quality of quiet zone (extreme)
	0.6
	0.6
	Gaussian
	1.00
	1
	0.60
	0.60

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	1.73
	1
	0.01
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1.00
	1 
	0.05
	0.05

	7
	Uncertainty of the RF Power Measurement Equipment
	0.14
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26

	8
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	1.41
	1
	0.10
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06

	30
	radome loss variation
	0.4
	0.4
	Rectangular
	1.73
	1
	0.23
	0.23

	31
	wet radome loss variation
	0.95
	0.95
	Normal
	1
	1
	0.95
	0.95

	33
	Change in absorber behaviour
	0.1
	0.1
	Normal 
	1.00
	1
	0.10
	0.10

	34
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0.05
	0.05
	U-shaped
	1.41
	1
	0.04
	0.035

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	0.01
	Rectangular
	1.73
	1
	0.01
	0.006

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0.05
	0.05
	U-shaped
	1.41
	1
	0.04
	0.035

	13
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1.00
	1
	0.10
	0.100

	14
	Polarization mismatch for reference antenna
	0.01
	0.01
	Rectangular
	1.73
	1
	0.01
	0.006

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.000

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1.00
	1
	0.05
	0.050

	17
	Uncertainty of the network analyzer
	0.13
	0.2
	Gaussian
	1.00
	1
	0.13
	0.200

	18
	Influence of the reference antenna feed cable
	0.05
	0.05
	Rectangular
	1.73
	1
	0.03
	0.029

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06
	0.06
	Gaussian
	1.00
	1
	0.06
	0.060

	20
	Influence of the receiving antenna feed cable
	0.05
	0.05
	Rectangular
	1.73
	1
	0.03
	0.029

	21
	Uncertainty of the absolute gain of the reference antenna
	0.5
	0.43
	Rectangular
	1.73
	1
	0.29
	0.248

	22
	Uncertainty of the absolute gain of the receiving antenna
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.000

	Combined standard uncertainty (1σ) [dB]
	1.25
	1.29

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	2.46
	2.53



[bookmark: _Toc13066282]10.2.9.3	CATR
[bookmark: _Toc13066283]10.2.9.3.1	General
This method measures places the AAS BS under test inside a RF transparent environmentally sealed enclosure so that the DUT temperature can be controlled whilst the result of the OTA chamber facility is at nominal temperature.
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 10.3.1.1.3.1-1) 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.
[image: ]
Figure 10.2.9.3.1-1: CATR measurement system setup for extreme conditions EIRP accuracy
[bookmark: _Toc13066284]10.2.9.3.2	Calibration
Calibration shall be done with the same procedure shown in 10.2.3.3.2 to ensure that the SNR at the measurement equipment input is appropriate for the measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc13066285]10.2.9.3.3	Procedure
Reference procedure in subclause 10.2.3.3.3  where in step 6 the measured test parameter is the EIRP.
[bookmark: _Toc13066286]10.2.9.3.4	MU assessment 
[bookmark: _Toc13066287]10.2.9.3.4.1	MU Budget
Table 10.2.9.3.4.1-1: CATR uncertainty contributions for extreme EIRP accuracy measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	E2-1 

	2
	RF power measurement equipment
	F1 

	3
	Standing wave between DUT and test range antenna
	E2-3 

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	32
	QZ ripple DUT (extreme)
	E2-17

	30
	radome loss variation
	E2-19

	31
	wet radome loss variation
	E2-18

	33
	Change in absorber behaviour
	E2-20

	34
	Test system frequency flatness
	E2-16

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	F1

	7
	Mismatch of receiver chain
	E2-7

	8
	Insertion loss variation of receiver chain
	E2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	10
	Influence of the calibration antenna feed cable:
a)	Flexing cables, adapters, attenuators, connector repeatability
	E2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	F1

	12
	Misalignment positioning system
	E2-11

	13
	Misalignment of calibration antenna and test range antenna
	E2-1

	14
	Rotary Joints
	E2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	E2-3

	16
	Quality of quiet zone
	E2-5

	20
	Switching uncertainty
	E2-15



[bookmark: _Toc13066288]10.2.9.3.4.2	MU Value
Table 10.2.9.3.4.2-1: CATR uncertainty assessment for extreme EIRP accuracy measurement
	CATR

	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<3 GHz
	3<f<6 GHz
	
	
	
	f≤3 GHz
	3<f≤6 GHz

	Stage 2: DUT measurement

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

	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
	1.41
	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
	0.6
	0.6
	Normal 
	1
	1
	0.6
	0.6

	30
	radome loss variation
	0.4
	0.4
	Rectangular
	1.73
	1
	0.23
	0.23

	31
	wet radome loss variation
	0.95
	0.95
	Normal
	1
	1
	0.95
	0.95

	33
	Change in absorber behaviour
	0.1
	0.1
	Normal
	1
	1
	0.10
	0.10

	34
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.2
	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
	1.41
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.00
	0.00

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	1.41
	1
	0.02
	0.02

	11
	SGH Calibration uncertainty
	0.5
	0.433
	Rectangular
	1.73
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. Normal 
	2
	1
	0.00
	0.00

	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
	1.41
	1
	0.03
	0.03

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1 
	0.06
	0.06

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.01
	0.01

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	1.73
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
	1.28
	1.32

	Expanded uncertainty (1.96σ – confidence interval of 95 %) [dB]
	2.51
	2.58



[bookmark: _Toc13066289]10.2.9.3	Summary
The different OTA test chamber MU are summarised below:
Table 10.2.9.3-1: Test system specific measurement uncertainty values for the EIRP test
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	2.46
	2.53

	Compact Antenna Test Range
	2.46
	2.58

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	2.5
	2.6



[bookmark: _Toc13066290]10.3	Measurement uncertainty for Rx Directional requirements
[bookmark: _Toc13066291]10.3.1	General
Rx in-band directional requirements all use a wanted signal at a specified EIS power level and throughput/BER quality metric. Requirements which also include an in-band interferer have the wanted signal and the interferer coming from the same direction within the specified RoAoA.
For the derivation of the measurement uncertainty for direction requirements, the approach already defined in the TR 37.842 [4] is reused as much as possible.
Rx directional requirements use the same OTA test chambers and corresponding calibration and test procedures as the existing EIS accuracy requirement.
Requirements which require a wanted signal and an interferer use the conducted MU calculations in TS 36.141 [22] as guidance and are modified to take into account the OTA chamber.
Limitations and scope for each test method identified in TR 37.842[4] are the same when used for the OTA Rx in-band directional requirements.
Currently the near field test range is included as a test method for the hybrid AAS BS EIS requirement in TR 37.842, however there are some limitations on the use of that the AAS BS must not have any BB beam forming. Considering that OTA AAS BS must have 8TRX the probability of it meeting the restrictive conditions is small. In addition there are some issues surrounding the interference requirements when testing in the near field as the wanted and interfering signal may experience different beam forming. At this stage procedures and MU budgets are not provided for near field Rx directional requirements however if the issues are solved and the MUs are within the agreed values in this section use of the near field test method is not precluded in the future.
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.
Rx directional requirements where possible can use the same OTA test chambers and corresponding calibration and test procedures as the existing EIS accuracy requirement.  Most RX directional requirements are based upon the EIS 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 “receiving test signal” where the appropriate test model is found in TS 37.105 [3]
[bookmark: _Toc13066292]10.3.2	OTA sensitivity
10.3.2.1	General
The OTA sensitivity MU was derived in TR 37.842 [4] as shown in Table 10.3.2-1. Plane Wave Synthesizer description and MU budget is also shown as an additional methodology to those presented in TR 37.842 [4].
Table 10.3.2-1: Test system specific measurement uncertainty values for the EIS test 
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1.22
	1.25

	Compact Antenna Test Range
	1.33
	1.40

	One Dimensional Compact Range Chamber
	1.29
	1.43

	Near Field Test Range
	1.24
	1.24

	Plane Wave Synthesizer
	[1.29]
	[1.37]

	Common maximum accepted test system uncertainty
	1.3
	1.4



10.3.2.2	Plane Wave Synthesizer
10.3.2.2.1	Procedure
The calibration measurement is done by using a reference antenna with known efficiency or gain values (e.g. SGH). In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (C↔A, see figure 10.3.2.2.1-1) from the DUT to the measurement receiver is calibrated out.
[image: ]
Figure 10.3.2.2.1-1: Rx range path loss calibration 
1)	Path loss calibration E→A:
a)	Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyzer (or equivalent measurement equipment) to obtain  ΓSGH. .
b)	Measure cable loss from point E to input of SGH, call this  LE↔SGH  which is the equivalent of 20log|S21| from the use of a network analyzer.
c)	Calculate the combined total path loss from E→A by using the following expression 
-	LSGHcal = LE,SGH + 10log(1 - |ΓSGH|2) - GSGH;
-	where  10log(1 - |ΓSGH|2)  is the compensation for SGH connector return loss, GSGH  is the known gain of the reference SGH.
2)	Connect SGH and D↔E cable.
3)	Measure path loss C→E with network analyzer LC→E = 20log|S21|.
4)	Calculate the test path loss compensation factor. This is the total path loss between C↔A using the results from step 1c and 3. L =  LSGHcal  - LC→E.
Where ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer).
Stage 2 - Measurement:
1)	Install AAS BS as DUT with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 10.3.2.2.1-2. The manufacturer declared coordinate system orientation of the AAS BS is set to be aligned with the testing system.
2)	Configure signal generator, one port and one carrier at a time according to maximum power requirement.
3)	Calculate EIS at this point with EIS = PBER - LC→A.
4)	Repeat steps 2-3 for all conformance test beam direction pairs and test conditions. 
[image: ]
Figure 10.3.2.2.1-2: PWS setup for Sensitivity measurements 
10.3.2.2.2	MU assessment
10.3.2.2.2.1	MU budget
Table 10.3.2.2.2.1-1: Plane Wave Synthesizer uncertainty contributions for EIS measurements
	UID
	Uncertainty Source
	Details in annex

	
	
	

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	E6-1

	2
	RF signal generator
	F.1

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	E6-2

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	5
	QZ ripple with DUT
	E6-4

	6
	Miscellaneous Uncertainty
	E6-5

	20
	System non-linearity
	E6-14

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	F.1

	8
	Mismatch (i.e. reference antenna, network analyzer and reference cable)
	E6-6

	9
	Insertion loss variation
	E6-7

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	10
	Influence of the calibration antenna feed cable
	E6-8

	11
	Uncertainty of the absolute gain of the calibration antenna
	F.1

	12
	Misalignment of positioning system
	E6-9

	13
	Misalignment of calibration antenna & pointing error
	E6-1

	14
	Rotary joints
	E6-10

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	E6-2

	16
	QZ ripple with calibration antenna
	E6-4

	17
	Switching uncertainty
	E6-11

	18
	Field repeatability
	E6-12

	19
	Frequency flatness
	E6-13



10.3.2.2.2.2	MU value
Table 10.3.2.2.2.2-1: Plane Wave Synthesizer uncertainty assessment for EIS measurements
	UID
	Uncertainty Source
	Uncertainty Value
	Distribution of the probability
	Divisor based on distribution shapre
	ci
	Std. uncertainty 
ui [dB]

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

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	2
	RF signal generator
	0.46
	0.46
	Gaussian
	1
	 1
	0.46
	0.46

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.05
	0.14
	Rectangular
	√3
	1
	0.03
	0.08

	4
	RF leakage (measurement antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	5
	QZ ripple with DUT
	[0.4]
	[0.4]
	Rectangular
	√3
	1
	[0.23]
	[0.23]

	6
	Miscellaneous Uncertainty
	0.00
	0.00
	Normal
	1
	1
	0.00
	0.00

	20
	System non-linearity
	[0.062]
	[0.062]
	Rectangular
	√3
	1
	[0.04]
	[0.04]

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	8
	Mismatch (i.e.reference antenna, network analyser and reference cable)
	0.127
	0.325
	U-shaped
	√2
	1
	0.09
	0.23

	9
	Insertion loss variation 
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	4
	RF leakage (calibration antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	10
	Influence of the calibration antenna feed cable
	0.103
	0.104
	Rectangular
	√3
	1
	0.06
	0.06

	11
	Uncertainty of the absolute gain of the calibration antenna
	0.50
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment of positioning system
	0.00
	0.00
	Exp. normal 
	2
	1
	0.00
	0.00

	13
	Misalignment of calibration antenna & pointing error
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	14
	Rotary joints
	0.00
	0.00
	U-shaped
	√2
	1
	0.00
	0.00

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.12
	0.12
	Rectangular
	√3
	1
	0.07
	0.07

	16
	QZ ripple with calibration antenna
	[0.2]
	[0.2]
	Rectangular
	√3
	1
	[0.12]
	[0.12]

	17
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	18
	Field repeatability
	[0.003]
	[0.003]
	Normal
	1
	1
	[0.003]
	[0.003]

	19
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	Combined standard uncertainty (1σ) [dB]
	[0.66]
	[0.70]

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[1.29]
	[1.37]



[bookmark: _Toc13066293]10.3.3	OTA reference sensitivity
The OTA REFSENS requirement is intended to ensure the OTA reference sensitivity level for a declared OTA REFSENS RoAoA.
The OTA reference sensitivity power level EISREFSENS is the mean power received at the radiated interface at which a reference performance requirement shall be met for a specified reference measurement channel.
The measurement methods, along with the corresponding calibration, procedure and MU assessment, are the same as those for the OTA sensitivity requirement in subclause 10.3.2, except that the required level is EISREFSENS in the measurement procedure.
[bookmark: _Toc13066294]10.3.4	OTA Dynamic range
[bookmark: _Toc13066295]10.3.4.1	General
The OTA dynamic range is a measure of the capability of the receiver unit to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth or the capability of receiving high level of wanted signal.
The requirement applies at the RIB when the AoA of the incident wave of a received signal and the interfering signal are from the same direction and are within the OTA REFSENS RoAoA.
The wanted and interfering signals apply to all supported polarizations, under the assumption of polarization match. 
[bookmark: _Toc13066296]10.3.4.2	In-door anechoic chamber
[bookmark: _Toc13066297]10.3.4.2.1	General
The measurement system setup is as depicted in figure 10.3.4.2.1-1.
[image: IAC  measurement setup for dynamic range]
Figure 10.3.4.2.1-1: In-door Anechoic Chamber measurement system setup for dynamic range
[bookmark: _Toc13066298]10.3.4.2.2	Calibration
Calibration shall be done with the procedure shown in subclause 10.3.2.1.1.2 in TR 37.842 [4] for the wanted and AWGN interfering signals with power combiner/coupler.
LWanted_cal, A→D:  Calibration value for wanted signal between A and D in figure 10.3.4.2.1-1. 
LAWGN_cal, A→E:  Calibration value for AWGN signal between A and E in figure 10.3.4.2.1-1.
[bookmark: _Toc13066299]10.3.4.2.3	Procedure
The measurement procedure is the same as those for the OTA sensitivity requirement in subclause 10.3.2.1.1.2 in TR 37.842 [4], except that step 11 is modified as follow.
11)	Set the test signal mean power at the RF signal source generator for wanted signal as the required level plus LWanted_cal, A→D and the reference measurement channel. Set the test signal mean power at the RF signal source generator for AWGN interfering signal as the required level plus LAWGN_cal, A→E and at the same frequency as wanted signal.
[bookmark: _Toc13066300]10.3.4.2.4	MU assessment 
The MU for receiver dynamic range requirement is not impacted by OTA chamber related uncertainties; this is further discussed in subclause 10.3.4.4.
[bookmark: _Toc13066301]10.3.4.3	CATR
[bookmark: _Toc13066302]10.3.4.3.1	General
The measurement system setup is as depicted in figure 10.3.4.3.1-1.
[image: ]
Figure 10.3.4.3.1-1: CATR measurement system setup for dynamic range
[bookmark: _Toc13066303]10.3.4.3.2	Calibration
Calibration shall be done with the procedure shown in subclause 10.3.2.1.2.2 in TR 37.842 [4] for the wanted and AWGN interfering signals with power combiner/coupler.
LWanted_cal, A→B:  Calibration value for wanted signal between A and B in figure 10.3.4.3.1-1. 
LAWGN_cal, A→E:  Calibration value for AWGN interfering signal between A and E in figure 10.3.4.3.1-1.
[bookmark: _Toc13066304]10.3.4.3.3	Procedure 
1)	Set up AAS BS in place of SGH from calibration stage. Align AAS BS with boresight of transmitting antenna.
2)	Configure RF signal generator for wanted signal to set the signal at the required level plus LA→B and at reference measurement channel.
3)	Configure RF signal generator for AWGN interferer to set the signal at the required level plus LA→E and at the same frequency as wanted signal.   
4)	Measure the throughput of the wanted signal according to annex E of the 3GPP TS 36.141 [22].
5)	Repeat steps 2-4 for all conformance test bands and directions.
[bookmark: _Toc13066305]10.3.4.3.4	MU assessment 
The MU for receiver dynamic range requirement is not impacted by OTA chamber related uncertainties; this is further discussed in subclause 10.3.4.4.
[bookmark: _Toc13066306]10.3.4.4	Summary
The receiver dynamic range requirement provides both a wanted signal and an in-channel AWGN interferer to the BS input. Both the wanted signal and interferer power levels are well above the receiver noise floor, to the extent that the SNR in the receiver is dependent only on the transmitter signal to AWGN level and is independent of the receiver noise level.
Small variations of the receiver power level due to uncertainty factors in the OTA environment will impact both the wanted signal and AWGN equally, and hence do not impact the SNR experienced by the receiver or change the measurement result. Thus, the receiver dynamic range requirement is not impacted by OTA chamber related uncertainties.
In 36.141 [22], the MU for receiver dynamic range is taken as the uncertainty in achieving the correct SNR at the test equipment transmitter. Considering the above argumentation that OTA chamber aspects will not impact MU for receiver dynamic range, the same MU of 0.3dB as for the conducted case can be assumed.
[bookmark: _Toc13066307]10.3.5	OTA adjacent channel selectivity, general blocking and narrowband blocking
[bookmark: _Toc13066308]10.3.5.1	General
{editors note: general description of the test requirement placed here – non chamber specific}
[bookmark: _Toc13066309]10.3.5.2	In-door anechoic chamber
[bookmark: _Toc13066310]10.3.5.2.1	General
This method measures the adjacent channel selectivity, narrow-band blocking, and general blocking 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 transmitting antenna of no less than 2D2/λ, where D is the largest dimension of the transmitting antenna and λ is the wavelength. The measurement system setup is as depicted in figure 10.3.5.2.1-1.
[image: ]
Figure 10.3.5.2.1-1: In-door Anechoic Chamber measurement system setup for  adjacent channel selectivity, general blocking and narrowband blocking
[bookmark: _Toc13066311]10.3.5.2.2	Calibration
Calibration shall be done with the procedure shown in 10.3.2.4.2 for the frequencies of wanted and unwanted signals with power combiner/coupler. Calculate the calibration value for wanted and unwanted signal from A to D as well as from A to E.
LWanted_cal, A→D:  Calibration value for wanted signal between A and D in figure 10.3.5.2.1-1. 
LUnanted_cal, A→E:  Calibration value for unwanted signal between A and E in figure 10.3.5.2.1-1.
[bookmark: _Toc13066312]10.3.5.2.3	Procedure
1)	Uninstall the reference antenna and install the AAS BS with its 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 testing system.
2)	Set the AAS BS to be satisfied with the RoAoA desired by the requirement covering conformance testing receiving direction.
3)	Rotate the AAS BS to make the conformance testing receiving direction aligned with the boresight of the reference antenna at the calibration stage.
4)	For FDD AAS BS start BS transmission at the required condition.
5)	Set the test signal mean power at the RF signal source generator for wanted signal as the required level plus LWanted_cal, A→D  and the reference measurement channel.
6) Set the test signal mean power at the RF signal source generator for unwanted signal as the required level plus LUnwanted_cal, A→E  and the interference signal channel.
7)	Measure the throughput according to annex E of the 3GPP TS 36.141 [22].
8)	Repeat the above steps 1)~6) per conformance testing direction.
[bookmark: _Toc13066313]10.3.5.2.4	MU assessment 
[bookmark: _Toc13066314]10.3.5.2.4.1	MU Budget
The MU is estimated based on MU in the conducted specification 36.141, the MU for EIS in section 10.3.3 and an estimated uncertainty for matching of test equipment and DUT or test antenna.

        
Where 
                                                             
                                                          
                                                 
The uncertainty budget behind the EIS MU is captured in section 10.3.3.  The 2 sigma matching uncertainty is 0.196dB for   f ≦ 3GHz and 0.314dBfor  3GHz < f ≦ 4.2 GHz .
The ACLR effect from the interference signal is assumed to be 0.4dB, as in 36.141. This is under the assumption that no additional PA is needed for the test signal in the OTA test setup.

[bookmark: _Toc13066315]10.3.5.2.4.2	MU Value
The MU for ACS is calculated as follows. Note that all uncertainties in the table are 1.96σ values.
Table 10.3.5.2.4.2-1: Test system uncertainty of ACS for in-door anechoic chamber
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	
	±0.7 dB
	±1 dB
	

	
	±0.7 dB
	±1 dB
	

	
	±0.196 dB
	±0.314 dB
	

	
	±0.672dB
	±0.949 dB
	

	
	±0.672 dB
	±0.949 dB
	

	
	1.22 dB
	1.25 dB
	

	
	0.9 dB
	0.9 dB
	

	
	±0.196 dB
	±0.314 dB
	

	
	±0.8 dB
	±0.804 dB
	

	ACLR effect
	0.4 dB
	

	
	1.7 dB
	2.00 dB
	



[bookmark: _Toc13066316]10.3.5.3	CATR
[bookmark: _Toc13066317]10.3.5.3.1	General
This method measures the adjacent channel selectivity, narrow-band blocking, and general blocking in compact antenna test range with a sufficient separation between reference point of the AAS BS and the transmitting antenna by the range antenna reflector. The measurement system setup is as depicted in figure 10.3.5.3.1-1.
[image: CATR  measurement setup for ACS]
Figure 10.3.5.3.1-1: CATR measurement system setup for adjacent channel selectivity, general blocking and narrowband blocking
[bookmark: _Toc13066318]10.3.5.3.2	Calibration
Calibration shall be done with the procedure shown in 37.842 [4] subclause 10.3.1.1.3.3 for the frequencies of wanted and interfering signals with power combiner/coupler. Calculate the calibration value for wanted and interfering signal from A to B as well as from A to E.
LWanted_cal, A→B:  Calibration value for wanted signal between A and B in figure 10.3.5.3.1-1. 
Linterferer_cal, A→E:  Calibration value for interfering signal between A and E in figure 10.3.5.3.1-1.
[bookmark: _Toc13066319]10.3.5.3.3	Procedure
1)	Set up AAS BS in place of SGH from calibration stage. Align AAS BS with boresight of transmitting antenna.
2)	Configure RF signal generator for wanted signal to set the signal at the required level plus LA→B and at reference measurement channel.
3)	Configure RF signal generator for interferer to set the signal at the required level plus LA→E and at reference measurement channel. The interferer’s centre frequency offset should be swept as required.   
4)	Measure the throughput of the wanted signal according to annex E of the 3GPP TS 36.141 [22].
5)	Repeat steps 2-4 for all conformance test directions.
6)	Repeat steps above per involved band for multi-band RIB(s).
[bookmark: _Toc13066320]10.3.5.3.4	MU assessment 
[bookmark: _Toc13066321]10.3.5.3.4.1	MU Budget
The MU is estimated based on MU in the conducted specification 36.141, the MU for EIS in section 10.3.3 and an estimated uncertainty for matching of test equipment and DUT or test antenna.
Table 10.3.5.3.4.1-1: CATR uncertainty budget format for mismatch error
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	2
	Standing wave between DUT and test range antenna
	3GPP 37.842 [4] B 2-2



[bookmark: _Toc13066322]10.3.5.3.4.2	MU Value
The 2 sigma matching uncertainty is 0.294 dB for   f ≦ 3GHz and 0.294 dB for  3GHz < f ≦ 4.2 GHz .
Test system uncertainty is obtained by follwing equations:
	
Where 
	
	
	
And we assume   
[bookmark: _Hlk517088270]Test system uncertainty for ACS, narrow band blocking, and general band blocking is shown in Table 10.3.5.3.4.2-1. Note that all uncertainties in table are 1.96σ values.
Table 10.3.5.3.4.2-1: Test system uncertainty of ACS, narrow band blocking, and general band blocking for CATR.
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	ACS and narrow band blocking

	
	±0.7 dB
	±1 dB
	

	
	
	±0.7 dB
	±1 dB
	

	
	
	±0.294 dB
	±0.294 dB
	

	
	
	±0.635dB
	±0.956 dB
	

	
	
	±0.635 dB
	±0.956 dB
	

	
	
	1.33 dB
	1.40 dB
	

	
	
	0.9 dB
	0.9 dB
	

	
	
	±0.294 dB
	±0.294 dB
	

	
	
	±0.933 dB
	±1.03 dB
	

	
	ACLR effect
	0.4 dB
	

	
	
	1.7 dB
	2.1 dB
	



[bookmark: _Toc13066323]10.3.5.4	Summary
The different OTA test chamber MU are summarised below:
Table 10.3.5.4-1: Test system specific measurement uncertainty values for the OTA adjacent channel selectivity, general blocking and narrowband blocking
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1.7
	2.0

	Compact Antenna Test Range
	1.7
	2.1

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	1.7
	2.1



[bookmark: _Toc13066324]10.3.6	OTA receiver intermodulation
[bookmark: _Toc13066325]10.3.6.1	General
{editors note: general description of the test requirement placed here – non chamber specific}
[bookmark: _Toc13066326]10.3.6.2	In-door anechoic chamber
[bookmark: _Toc13066327]10.3.6.2.1	General
This method measures the receiver intermodulation in an in-door anechoic chamber with the separation between the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the transmitting antenna of no less than 2D2/λ, where D is the largest dimension of the antenna of transmitting antenna and λ is the wavelength. The measurement system setup is as depicted in figure 10.3.6.2.1-1.
[image: ]
Figure 10.3.6.2.1-1: In-door Anechoic Chamber measurement system setup for  OTA receiver intermodulation
[bookmark: _Toc13066328]10.3.6.2.2	Calibration
Calibration shall be done with the procedure shown in 37.842 [4] subclause 10.3.1.1.2.3 for the frequencies of wanted and unwanted signals with power combiner/coupler. Calculate the calibration value for wanted and unwanted signal from A to D, from A to E, and from A to F.
LWanted_cal, A→D:  Calibration value for wanted signal between A and D in figure 10.3.6.2.1-1. 
LUnanted_cal, A→E:  Calibration value for unwanted signal between A and E in figure 10.3.6.2.1-1.
LUnanted_cal, A→F:  Calibration value for unwanted signal between A and F in figure 10.3.6.2.1-1.
[bookmark: _Toc13066329]10.3.6.2.3	Procedure
1)	Uninstall the reference antenna and install the AAS BS with its 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 testing system.
2)	Set the AAS BS to be satisfied with the RoAoA desired by the requirement covering conformance testing receiving direction.
3)	Rotate the AAS BS to make the conformance testing receiving direction aligned with the boresight  of the reference antenna at the calibration stage.
4)	For FDD AAS BS start BS transmission at the required condition. 
5)	Set the test signal mean power at the RF signal source generator for wanted signal as the required level plus LWanted_cal, A→D  and the reference measurement channel.
6)	Set the test signal mean power at the RF signal source generators for unwanted signal as the required level plus LUnwanted_cal, A→E  or plus LUnwanted_cal, A→F and the interference signal channel.
7)	Measure the throughput according to annex E of the 3GPP TS 36.141 [22].
8)	Repeat the above steps 1)~6) per conformance testing direction.
[bookmark: _Toc13066330]10.3.6.2.4	MU assessment 
[bookmark: _Toc13066331]10.3.6.2.4.1	MU Budget
The MU is estimated based on MU in the conducted specification 36.141, the MU for EIS in section 10.3.3 and an estimated uncertainty for matching of test equipment and DUT or test antenna.
	 
Where 
	 
	 
	
	 
The uncertainty budget behind the EIS MU is captured in section 10.3.3.  The 2 sigma matching uncertainty is 0.196dB for   f ≦ 3GHz and 0.314dB for  3GHz < f ≦ 4.2 GHz .
The ACLR effect from the interference signal is assumed to be 0.4dB, as in 36.141 [22]. This is under the assumption that no additional PA is needed for the test signal in the OTA test setup.
[bookmark: _Toc13066332]10.3.6.2.4.2	MU Value
The MU for RX IM is calculated as follows. Note that all uncertainties in the table are 1.96σ values.
Table 10.3.6.2.4.2-2: Test system uncertainty of RX IM for in-door anechoic chamber
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	
	±0.7 dB
	±1.0 dB
	

	
	±0.5 dB
	±0.7 dB
	

	
	±0.7 dB
	±1.0 dB
	

	
	±0.196 dB
	±0.314 dB
	

	
	±0.672dB
	±0.949 dB
	

	
	±0.460 dB
	±0.626 dB
	

	
	±0.672dB
	±0.949 dB
	

	
	1.22 dB
	1.25 dB
	

	
	0.9 dB
	0.9 dB
	

	
	±0.196 dB
	±0.314 dB
	

	
	±0.8 dB
	±0.807 dB
	

	ACLR effect
	0.4 dB
	

	
	2.0 dB
	2.5 dB
	



[bookmark: _Toc13066333]10.3.6.3	CATR
[bookmark: _Toc13066334]10.3.6.3.1	General
This method measures the receiver intermodulation in compact antenna test range with a sufficient separation between reference point of the AAS BS and the transmitting antenna by the range antenna reflector. The measurement system setup is as depicted in figure 10.3.6.3.1-1.
[image: CATR  measurement setup for RX IM]
Figure 10.3.6.3.1-1: CATR measurement system setup for receiver intermodulation
[bookmark: _Toc13066335]10.3.6.3.2	Calibration
Calibration shall be done with the procedure shown in 37.842 [4] subclause 10.3.1.1.3.3 for the frequencies of wanted and 2 interfering signals with power combiners/couplers. Calculate the calibration value for wanted and interfering signals from A to B as well as from A to E and A to H.
LWanted_cal, A→B:  Calibration value for wanted signal between A and B in figure 10.3.6.3.1-1. 
Linterferer1_cal, A→E:  Calibration value for interfering signal between A and E in figure 10.3.6.3.1-1.
Linterferer2_cal, A→H:  Calibration value for interfering signal between A and H in figure 10.3.6.3.1-1.
[bookmark: _Toc13066336]10.3.6.3.3	Procedure
1)	Set up AAS BS in place of SGH from calibration stage. Align AAS BS with boresight of transmitting antenna.
2)	Configure RF signal generator for wanted signal to set the signal at the required level plus LA→B and at reference measurement channel.
3)	Configure RF signal generator for interferer1 to set a modulated signal at the required level plus LA→E and at reference measurement channel. The interferer’s centre frequency offset should also fulfil the requirement.  
4)	Configure RF signal generator for interferer2 to set a CW signal at the required level plus LA→H and at reference measurement channel. The interferer’s centre frequency offset should also fulfil the requirement.
5)	Measure the BER or throughput of the wanted signal according to annex E of the 3GPP TS 36.141 [22].
6)	Repeat steps all above per involved band for multi-band RIB(s). 
[bookmark: _Toc13066337]10.3.6.3.4	MU assessment 
[bookmark: _Toc13066338]10.3.6.3.4.1	MU Budget
The MU is estimated based on MU in the conducted specification 36.141, the MU for EIS in section 10.3.3 and an estimated uncertainty for matching of test equipment and DUT or test antenna is in section 10.3.5.
[bookmark: _Toc13066339]10.3.6.3.4.2	MU Value
Test system uncertainty is obtained by follwing equations:

Where 
	
	
	
	
And we assume 
Test system uncertainty for receiver intermodulation is shown in Table 10.3.6.3.4.2-1. Note that all uncertainties in table are 1.96σ values.
Table 10.3.6.3.4.2-1: Test system uncertainty of receiver intermodulation for CATR
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	RX IM
	
	±0.7 dB
	±1.0 dB
	

	
	
	±0.5 dB
	±0.7 dB
	

	
	
	±0.7 dB
	±1.0 dB
	

	
	
	±0.294 dB
	±0.294 dB
	

	
	
	±0.635 dB
	±0.956 dB
	

	
	
	±0.404 dB
	±0.635 dB
	

	
	
	±0.635 dB
	±0.956 dB
	

	
	
	1.33 dB
	1.40 dB
	

	
	
	0.9 dB
	0.9 dB
	

	
	
	±0.294 dB
	±0.294 dB
	

	
	
	±0.933 dB
	±1.03 dB
	

	
	ACLR effect  
	0.4 dB
	

	
	
	2.0 dB
	2.6 dB
	



[bookmark: _Toc13066340]10.3.6.4	Summary
The different OTA test chamber MU are summarised below:
Table 10.3.6.4-1: Test system specific measurement uncertainty values for the OTA receiver intermodulation
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	2.0
	2.5

	Compact Antenna Test Range
	2.0
	2.6

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	2.0
	2.6



[bookmark: _Toc13066341]10.3.7	OTA in-channel selectivity
[bookmark: _Toc13066342]10.3.7.1	General
{editors note: general description of the test requirement placed here – non chamber specific}
[bookmark: _Toc13066343]10.3.7.2	In-door anechoic chamber
[bookmark: _Toc13066344]10.3.7.2.1	General
[bookmark: _Toc13066345]10.3.7.2.2	Calibration
The procedure for calibration for RX ICS is basically the same as for RX ACS, as described in section 10.5.2.3.1, however calibration must be carried out for wanted signal and interferer signals appropriate to ICS.
[bookmark: _Toc13066346]10.3.7.2.3	Procedure
The procedure for RX ICS is based on the RX ACS procedure, described in section 10.3.5.2.3.1.
[bookmark: _Toc13066347]10.3.7.2.4	MU assessment 
[bookmark: _Toc13066348]10.3.7.2.4.1	MU Budget
The MU budget for ICS is the same as that for RX ACS, described in section 10.3.5.2.4.1.
[bookmark: _Toc13066349]10.3.7.2.4.2	MU Value
The MU value for ICS is the same as that for RX ACS, described in section 10.3.5.2.4.2.
[bookmark: _Toc13066350]10.3.7.3	CATR
[bookmark: _Toc13066351]10.3.7.3.1	General
This method measures the in channel selectivity in compact antenna test range with a sufficient separation between reference point of the AAS BS and the transmitting antenna by the range antenna reflector. The measurement system setup is as depicted in figure 10.3.7.3.1-1.
[image: CATR  measurement setup for ICS]
Figure 10.3.7.3.1-1: CATR measurement system setup for in channel selectivity
[bookmark: _Toc13066352]10.3.7.3.2	Calibration
Calibration shall be done with the procedure shown in 37.842 [4] subclause 10.3.1.1.3.3 with power combiner/coupler. Calculate the calibration value for wanted and interfering signal from A to B as well as from A to D.
LWanted_cal, A→B:  Calibration value for wanted signal between A and B in figure 10.3.7.3.1-1. 
Linterferer_cal, A→D:  Calibration value for interfering signal between A and D in figure 10.3.7.3.1-1.
[bookmark: _Toc13066353]10.3.7.3.3	Procedure 
1)	Set up AAS BS in place of SGH from calibration stage. Align AAS BS with boresight of transmitting antenna.
2)	Configure RF signal generator for wanted signal to set it at the required level plus LA→B and at one side of the frequency centre of reference measurement channel. 
3)	Configure RF signal generator for interferer to set it at the required level plus LA→E and at the other side of the frequency centre of reference measurement channel. The interferer should be adjacent to the wanted signal.   
4)	Measure the throughput of the wanted signal according to annex E of the 3GPP TS 36.141 [22].
5)	Repeat the steps 2-4 by exchange the locations of wanted signal and interfering signal in frequency domain at the same channel. 
6)	Repeat steps above per involved band for multi-band RIB(s).
[bookmark: _Toc13066354]10.3.7.3.4	MU assessment 
[bookmark: _Toc13066355]10.3.7.3.4.1	MU Budget
The MU budget for ICS is the same as that for RX ACS, described in section 10.3.5.3.4.1
[bookmark: _Toc13066356]10.3.7.3.4.2	MU Value
The MU value for ICS is the same as that for RX ACS, described in section 10.3.5.3.4.1.
[bookmark: _Toc13066357]10.3.7.4	Summary
The MU value for ICS is the same as that for RX ACS, described in section 10.3.5.4
[bookmark: _Toc13066358]10.4	Measurement uncertainty for In-band TRP requirements
[bookmark: _Toc13066359]10.4.1	OTA Base station output power requirement
[bookmark: _Toc13066360]10.4.1.1	General
{editors note: general description of the test requirement placed here – non chamber specific}
[bookmark: _Toc13066361]10.4.1.2	In-door anechoic chamber
[bookmark: _Toc13066362]10.4.1.2.1	General
[bookmark: _Hlk506307871]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-field conditions. If far-field conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
[bookmark: _Hlk506307818][image: ]
Figure 10.4.1.2.1-1: In-door Anechoic Chamber measurement system setup for OTA base station output power.
[bookmark: _Toc13066363]10.4.1.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2.
[bookmark: _Toc13066364]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 10.8.3.
6)	Calculate TRPs from EIRP, as shown in subclause 10.8.
The appropriate test parameter in step 5 is PR_AAS_desired, D, measured mean power within the desired signal channel 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 following equitation:
	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.
[bookmark: _Toc13066365]10.4.1.2.4	MU assessment 
[bookmark: _Toc13066366]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
	E1-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	E1-2

	3
	Quality of quiet zone
	E1-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	E1-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	E1-5

	6
	Phase curvature
	E1-6

	7
	Uncertainty of the RF power measurement equipment
	E1-7, F.1

	8
	Impedance mismatch in the receiving chain
	E1-8

	9
	Random uncertainty
	E1-9

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	E1-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	E1-11

	12
	Impedance mismatch between the reference antenna and the network analyzer
	E1-12

	13
	Quality of quiet zone
	E1-3

	14
	Polarization mismatch for reference antenna
	E1-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	E1-5

	16
	Phase curvature 
	E1-6

	17
	Uncertainty of the Network Analyzer
	E1-13, F.1

	18
	Influence of the reference antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	E1-14

	19
	Reference antenna feed cable loss measurement uncertainty
	E1-15

	20
	Influence of the receiving antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	E1-16

	21
	Uncertainty of the absolute gain of the reference antenna
	E1-17

	22
	Uncertainty of the absolute gain of the receiving antenna
	E1-18



[bookmark: _Toc13066367]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]


	0.44
	0.54

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


	0.87
	1.06



The agreed summation error (SE) of 0,75 dB (see subclause 10.8) is then root square sum combined with 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
[bookmark: _Toc13066368]10.4.1.3	CATR
[bookmark: _Toc13066369]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.


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.
[bookmark: _Toc13066370]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 10.2.3.3.2.
[bookmark: _Toc13066371]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.
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 10.8.3.
6)	Calculate TRPs from power density, as shown in subclause 10.8.3.
The appropriate test parameter in step 5 is PR_AAS_desired, B, measured mean power within the desired signal channel 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 following equitation:
	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.
[bookmark: _Toc13066372]10.4.1.3.4	MU assessment
[bookmark: _Toc13066373]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
	E2-1

	2
	RF power measurement equipment
	F.1

	3
	Standing wave between DUT and test range antenna
	E2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	5
	QZ ripple DUT
	E2-5

	19
	Miscellaneous uncertainty
	E2-14

	
	Test system frequency flatness
	E2-16

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E2-6, F.1

	7
	Mismatch of receiver chain
	E2-7

	8
	Insertion loss variation of receiver chain
	E2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	10
	Influence of the calibration antenna feed cable:
a)	Flexing cables, adapters, attenuators, connector repeatability
	E2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	E

	12
	Misalignment positioning system
	E2-11

	13
	Misalignment of calibration antenna and test range antenna
	E2-1

	14
	Rotary Joints
	E2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	E2-3

	16
	Quality of quiet zone
	E2-5

	20
	Switching uncertainty
	E2-15



[bookmark: _Toc13066374]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]


	0.594
	0.669

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


	1.16
	1.31



The agreed summation error (SE) of 0,75 dB (see subclause 10.8) is then root square sum combined with 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
[bookmark: _Toc13066375]10.4.1.4	Near Field 
[bookmark: _Toc13066376]10.4.1.4.1	General
The system is depicted in section 10.2.3.4.1. 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.
[bookmark: _Toc13066377]10.4.1.4.2	Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in section 10.2.3.4.2 
[bookmark: _Toc13066378]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 subclause 10.8 for details about measurement grids for TRP measurements
4)	Calculate TRP from the measured power density as in subclause 10.8
[bookmark: _Toc13066379]10.4.1.4.4	MU assessment 
[bookmark: _Toc13066380]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
	E3-1

	2
	Axes Orthogonality
	E3-2

	3
	Horizontal Pointing
	E3-3

	4
	Probe Vertical Position
	E3-4

	5
	Probe H/V pointing
	E3-5

	6
	Measurement Distance
	E3-6

	7
	Amplitude and Phase Drift
	E3-7

	8
	Amplitude and Phase Noise
	E3-8

	9
	Leakage and Crosstalk
	E3-9

	10
	Amplitude Non-Linearity
	E3-10

	11
	Amplitude and Phase Shift in rotary joints
	E3-11

	12
	Channel Balance Amplitude and Phase
	E3-12

	13
	Probe Polarization Amplitude and Phase
	E3-13

	14
	Probe Pattern Knowledge
	E3-14

	15
	Multiple Reflections
	E3-15

	16
	Room Scattering
	E3-16

	17
	DUT support Scattering
	E3-17

	18
	Positioning
	E3-21

	19
	Probe Array Uniformity
	E3-22

	20
	Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
	E3-23

	21
	Insertion loss of receiver chain
	E3-24

	22
	Uncertainty of the absolute gain of the probe antenna
	E3-25

	23
	Measurement Equipment (spectrum Analyzer)
	E3-26, F.1

	24
	Measurement repeatability - Positioning Repeatability
	E3-27

	25
	Test System Frequency Flatness
	E3-36

	
	Stage 1: Calibration measurement

	26
	Uncertainty of network analyser
	E3.28, F.1

	27
	Mismatch of receiver chain
	E3-29

	28
	Insertion loss of receiver chain
	E3-30

	29
	Mismatch in the connection of the calibration antenna
	E3-31

	30
	Influence of the calibration antenna feed cable
	E3-32

	31
	Influence of the probe antenna cable
	E3-33

	32
	Uncertainty of the absolute gain of the calibration antenna
	F.1

	33
	Short term repeatability
	E3-35



Note: 	Refer to TR 37.842 for description of each uncertainty term
[bookmark: _Toc13066381]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]


	[0.59]
	[0.70]

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


	[1.15]
	[1.37]



MU for OTA BS Output Power is the RSS of MU per point measurement (table 10.4.1.4.4.2-1) and TRP summation error (subclause 10.8):
	
For OTA BS Output Power measured in Near Field setup the MU is:

	 =1.87dB]

	 =2dB]
[bookmark: _Toc13066382]10.4.1.4A	Reverberation chamber
[bookmark: _Toc13066383]10.4.1.4A.1	General
The reverberation chamber test setup is described in subalcuse 10.5.2.3A.
[bookmark: _Toc13066384]10.4.1.4A.2	Calibration
The calibration procedure is described in subclause 10.5.2.3A.3.
[bookmark: _Toc13066385]10.4.1.4A.3	Procedure
The test procedure is described in subclause 10.5.2.3A.4.
[bookmark: _Toc13066386]10.4.1.4A.4	MU assessment
[bookmark: _Toc13066387]10.4.1.4A.4.1	MU Budget
The measurement error sources are described in subclause 10.5.2.3A.5.1.
[bookmark: _Toc13066388]10.4.1.4A.4.2	MU Value
Table 10.4.1.4A.4.2-1: Reverberation chamber uncertainty assessment for 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
	Uncertainty of the measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	2
	Impedance mismatch in the receiving chain
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	5
	Mean value estimation of reference antenna radiation efficiency
	0.15
	0.15
	Gaussian
	1
	1
	0.15
	0.15

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]

	
0.71
	
0.75


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

	
1.40
	
1.46

	NOTE:	This MU budget is applicable if the data tests in procedure step 11) of clause 10.5.2.3A.4 are fulfilled.



[bookmark: _Toc13066389]10.4.1.5	Summary
Table 10.4.1.5-1: 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
	
	

	Reverberation chamber
	1.4
	1.46

	Common maximum accepted test system uncertainty
	1.4
	1.5



[bookmark: _Toc13066390]10.4.2	OTA Adjacent channel leakage power ratio
[bookmark: _Toc13066391]10.4.2.1	General
[bookmark: _Toc13066392]10.4.2.2	In-door anechoic chamber
[bookmark: _Toc13066393]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 depicted in the figure 10.2.3.2.1-1.
NOTE: 	Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based on errors under far-field conditions. If far-field conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
[bookmark: _Toc13066394]10.4.2.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2.
Calibration shall be performed individually for both the wanted signal and adjacent channel frequencies.
[bookmark: _Toc13066395]10.4.2.2.3	Procedure
Reference procedure in subclause 10.4.1.2.3.
The appropriate parameters 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 10.2.3.2.1-1.
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 10.2.3.2.1-1.
Calculation of Powers Powerd and Powere using following formula:
	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 subclause 10.8 calculate ACLR.
[bookmark: _Toc13066396]10.4.2.2.4	MU assessment 
[bookmark: _Toc13066397]10.4.2.2.4.1	MU Budget
The MU budget is the same as in subclause 10.4.1.2.4.1.
Table 10.4.2.2.4.1-1: Void
[bookmark: _Toc13066398]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]


	0.444
	0.538

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


	0.871
	1.055



The agreed summation error (SE) of 0,75 dB (see subclause 10.8) is then root square sum combined with 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
[bookmark: _Toc13066399]10.4.2.3.1	General
The CATR is described in section 10.4.1.3.1.
[bookmark: _Toc13066400]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 10.2.6.3.2.
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 adjacent channel emissions.
5)	Calculate ACLR or CACLR from the wanted signal TRP and the adjacent channel emissions TRP,
The appropriate parameters 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 10.2.3.2.1-1.
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 10.2.3.2.1-1.
Calculation of Powers Powerd and Powere using following formula:
	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 subclause 10.8, calculate ACLR.
10.4.2.3.4	MU assessment 
10.4.2.3.4.1	MU Budget
The MU budget is the same as in subclause 10.4.1.3.4.1.
Table 10.4.2.3.4.1-1: VoidTable 10.4.2.3.4.1-2: Void
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]


	1.069
	1.349

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


	2.10
	2.64



The agreed summation error (SE) of 0.75 dB (see subclause 10.8) is then root square sum combined with 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]


	0.37
	0.46

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


	0.73
	0.89



The agreed summation error (SE) of 0,75 dB is then root square sum combined with 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
[bookmark: _Toc13066401]10.4.2.4	Near Field
[bookmark: _Toc13066402]10.4.2.4.1	Description
The system setup is depicted in section 10.2.3.4.1. In case of OTA ACLR measurement, the NF to FF transform is not needed since ACLR is based on TRP.
[bookmark: _Toc13066403]10.4.2.4.2	Calibration
Stage 1 – Calibration: 
Calibration shall be done by following the procedure in 10.2.3.4.2.
[bookmark: _Toc13066404]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 subclause 10.8 for proper measurement grids)
3.	Calculate TRP by using the formula in [2]
[bookmark: _Toc13066405]10.4.2.4.4	MU assessment
[bookmark: _Toc13066406]10.4.2.4.4.1	MU Budget
The MU budget is the same as in subclause 10.4.1.4.4.1.
Table 10.4.2.4.4.1-1: Void
[bookmark: _Toc13066407]10.4.2.4.4.2	MU Value
Table 10.4.2.4.4.2-2: Near Field 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
	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]


	[0.59]
	[0.7]

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


	[1.16]
	[1.38]



MU for OTA ACLR is TBD
TRP summation error is reported in subclause 10.8
[bookmark: _Toc13066408]10.4.2.4A	Reverberation chamber
[bookmark: _Toc13066409]10.4.2.4A.1	General
The reverberation chamber test setup is described in subalcuse 10.5.2.3A.
[bookmark: _Toc13066410]10.4.2.4A.2	Calibration
The calibration procedure is described in subclause 10.5.2.3A.3.
[bookmark: _Toc13066411]10.4.2.4A.3	Procedure
The test procedure is described in subclause 10.5.2.3A.4.
[bookmark: _Toc13066412]10.4.2.4A.4	MU assessment
[bookmark: _Toc13066413]10.4.2.4A.4.1	MU Budget
The measurement error sources are described in subclause 10.5.2.3A.5.1.
[bookmark: _Toc13066414]10.4.2.4A.4.2	MU Value
Table 10.4.2.4A.4.2-1: Reverberation chamber 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
	Uncertainty of the measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	2
	Impedance mismatch in the receiving chain
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	5
	Mean value estimation of reference antenna radiation efficiency
	0.15
	0.15
	Gaussian
	1
	1
	0.15
	0.15

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]

	
0.71
	
0.75


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

	
1.40
	
1.46

	NOTE:	This MU budget is applicable if the data tests in procedure step 11) of clause 10.5.2.3A.4 are fulfilled.



Table 10.4.2.4A.4.2-2: Reverberation chamber 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
	Uncertainty of the measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	2
	Impedance mismatch in the receiving chain
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	5
	Mean value estimation of reference antenna radiation efficiency
	0.15
	0.15
	Gaussian
	1
	1
	0.15
	0.15

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]

	
0.71
	
0.75


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

	
1.40
	
1.46

	NOTE: 	This MU budget is applicable if the data tests in procedure step 11) of clause 10.5.2.3A.4 are fulfilled.



[bookmark: _Toc13066415]10.4.2.5	Summary
Table 10.4.2.5-1: 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
	
	

	Reverberation chamber
	1.40
	1.46

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



Table 10.4.2.5-2: 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
	
	

	Reverberation chamber
	1.40
	1.46

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



[bookmark: _Toc13066416]10.4.3	OTA Operating band unwanted emission
[bookmark: _Toc13066417]10.4.3.1	General
[bookmark: _Toc13066418]10.4.3.2	In-door anechoic chamber
[bookmark: _Toc13066419]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 10.2.3.2.1-1.
NOTE: 	Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based on errors under far-field conditions. If far-field conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
[bookmark: _Toc13066420]10.4.3.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2.
Calibration shall be performed individually for each frequency at which unwanted emissions are measured  (This may involve calibration measurement or interpolation between calibration points).
[bookmark: _Toc13066421]10.4.3.2.3	Procedure
Reference procedure in subclause 10.4.1.2.3.
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, D, and calculation of EIRP EIRPe using following formula:
	EIRPe = PR_AAS_OBUE_D+ LTX_cal, A→D
[bookmark: _Toc13066422]10.4.3.2.4	MU assessment 
[bookmark: _Toc13066423]10.4.3.2.4.1	MU Budget
The MU budget is the same as in subclause 10.4.1.2.4.1.
Table 10.4.3.2.4.1-1: Void 
[bookmark: _Toc13066424]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]


	0.444
	0.538

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


	0.871
	1.055



The agreed summation error (SE) of 0.75 dB (see subclause 10.8) is then root square sum combined with 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 10.2.3.3.2.
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
The MU budget is the same as in subclause 10.4.1.3.4.1.
[bookmark: _Hlk517360251]Table 10.4.3.3.4.1-1: Void 
10.4.3.3.4.2	MU Value
[bookmark: _Hlk517360267]Table 10.4.3.3.4.2-1: 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]


	0.83
	0.93

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


	1.63
	1.83



The agreed summation error (SE) of 0.75 dB (see subclause 10.8) is then root square sum combined with 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
[bookmark: _Toc13066425]10.4.3.4	Near Field 
[bookmark: _Toc13066426]10.4.3.4.1	General
The system is depicted in section 10.2.3.4.1. In case of OTA OBUE measurement, NF to FF transform is not needed since TRP is computed based on power density measured in Near Field by sampling properly the power density for OBUE.
[bookmark: _Toc13066427]10.4.3.4.2	Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in section 10.2.3.4.2 
[bookmark: _Toc13066428]10.4.3.4.3	Procedure
Stage 2 - Measurement:
Refer to section 10.4.1.4.3. The measured power in step 3 is the power density for OBUE test for each carrier arriving at the measurement equipment connector.
[bookmark: _Toc13066429]10.4.3.4.4	MU assessment 
[bookmark: _Toc13066430]10.4.3.4.4.1	MU Budget
Refer to clause 10.4.1.4.4.1 for MU budget.
[bookmark: _Toc13066431]10.4.3.4.4.2	MU Value
Refer to clause 10.4.1.4.4.2 for MU value per point measurement.
MU for OTA OBUE is the RSS of MU per point measurement (table 10.4.1.4.4.2-1) and TRP summation error (Subclause 10.8):
	
For OTA OBUE measured in Near Field setup the MU is:

	 =1.4dB

	 =1.6dB
[bookmark: _Toc13066432]10.4.3.4A	Reverberation chamber
[bookmark: _Toc13066433]10.4.3.4A.1	General
The reverberation chamber test setup is described in subalcuse 10.5.2.3A.
[bookmark: _Toc13066434]10.4.3.4A.2	Calibration
The calibration procedure is described in subclause 10.5.2.3A.3.
[bookmark: _Toc13066435]10.4.3.4A.3	Procedure
The test procedure is described in subclause 10.5.2.3A.4.
[bookmark: _Toc13066436]10.4.3.4A.4	MU assessment 
[bookmark: _Toc13066437]10.4.3.4A.4.1	MU Budget
The measurement error sources are described in subclause 10.5.2.3A.5.1.
[bookmark: _Toc13066438]10.4.3.4A.4.2	MU Value
Table 10.4.3.4A.4.2-1: Reverberation chamber uncertainty assessment for OBUE
	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
	Uncertainty of the measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	2
	Impedance mismatch in the receiving chain
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	5
	Mean value estimation of reference antenna radiation efficiency
	0.15
	0.15
	Gaussian
	1
	1
	0.15
	0.15

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]

	
0.71
	
0.75


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

	
1.40
	
1.46

	NOTE:	This MU budget is applicable if the data tests in procedure step 11) of clause 10.5.2.3A.4 are fulfilled.



[bookmark: _Toc13066439]10.4.3.5	Summary
Table 10.4.3.5-1: 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
	
	

	Reverberation chamber
	1.40
	1.46

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




[bookmark: _Toc13066440]10.4.4	OTA Spectrum emission mask
[bookmark: _Toc13066441]10.4.4.1	General
[bookmark: _Toc13066442]10.4.4.2	In-door anechoic chamber
[bookmark: _Toc13066443]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 10.2.3.2.1-1.
NOTE: 	Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based on errors under far-field conditions. If far-field conditions are not met an in-door anechoic chamber may be used but a separate MU analysis is necessary.
[bookmark: _Toc13066444]10.4.4.2.2	Calibration
Calibration shall be done with the procedure shown in 10.2.3.2.2.
Calibration shall be performed individually for each frequency at which unwanted emissions are measured. (This may involve calibration measurement or interpolation between calibration points).
[bookmark: _Toc13066445]10.4.4.2.3	Procedure
Reference procedure in subclause 10.4.1.2.3.
The appropriate The appropriate parameters 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 following formula:
	EIRPe = PR_AAS_SEM_D+ LTX_cal, A→D
[bookmark: _Toc13066446]10.4.4.2.4	MU assessment 
[bookmark: _Toc13066447]10.4.4.2.4.1	MU Budget
The MU budget is the same as in subclause 10.4.1.2.4.1.
Table 10.4.4.2.4.1-1: Void 
[bookmark: _Toc13066448]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]


	0.493
	0.560

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


	0.966
	1.098



The agreed summation error (SE) of 0.75 dB (see subclause 10.8) is then root square sum combined with 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
[bookmark: _Toc13066449]10.4.4.3	CATR
[bookmark: _Toc13066450]10.4.4.3.1	General
The CATR is described in subclause 10.4.1.3.1.
[bookmark: _Toc13066451]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 10.2.3.3.2.
Calibration shall be performed individually for each frequency at which unwanted emissions are measured (This may involve calibration measurement or interpolation between calibration points).
[bookmark: _Toc13066452]10.4.4.3.3	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 SEM test at each carrier arriving at the measurement equipment connector, denoted by PR_AAS_SEM, B, and calculation of power powere using following formula:
	powere = PR_AAS_SEM_B+ LTX_cal, A→B
[bookmark: _Toc13066453]10.4.4.3.4	MU assessment 
[bookmark: _Toc13066454]10.4.4.3.4.1	MU Budget
The MU budget is the same as in subclause 10.4.1.3.4.1.
Table 10.4.4.3.4.1-1: Void 
[bookmark: _Toc13066455]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]


	0,83
	0,93

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


	1,63
	1,83



The agreed summation error (SE) of 0.75 dB (see subclause 10.8) is then root square sum combined with 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
[bookmark: _Toc13066456]10.4.4.4	Near Field 
[bookmark: _Toc13066457]10.4.4.4.1	General
The system is depicted in section 10.2.3.4.1. In case of OTA Spectrum Emission Mask measurement, NF to FF transform is not needed since TRP is computed based on power density measured in Near Field by sampling properly the power density for SEM.
[bookmark: _Toc13066458]10.4.4.4.2	Calibration
Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in section 10.2.3.4.2 
[bookmark: _Toc13066459]10.4.4.4.3	Procedure
Stage 2 - Measurement:
Refer to section 10.4.1.4.3. The measured power in step 3 is the power density for SEM test for each carrier arriving at the measurement equipment connector.
[bookmark: _Toc13066460]10.4.4.4.4	MU assessment 
[bookmark: _Toc13066461]10.4.4.4.4.1	MU Budget
Refer to clause 10.4.1.4.4.1 for MU budget.
[bookmark: _Toc13066462]10.4.4.4.4.2	MU Value
Refer to clause 10.4.1.4.4.2 for MU value per point measurement.
MU for OTA Spectrum Emission Mask is the RSS of MU per point measurement (table 10.4.1.4.4.2-1) and TRP summation error (Subclause 10.8):
	
For OTA Spectrum Emission Mask measured in Near Field setup the MU is:

	 =1.4dB

	 =1.6dB]
[bookmark: _Toc13066463]10.4.4.4A	Reverberation chamber
[bookmark: _Toc13066464]10.4.4.4A.1	General
The reverberation chamber test setup is described in subalcuse 10.5.2.3A.
[bookmark: _Toc13066465]10.4.4.4A.2	Calibration
The calibration procedure is described in subclause 10.5.2.3A.3.
[bookmark: _Toc13066466]10.4.4.4A.3	Procedure
The test procedure is described in subclause 10.5.2.3A.4.
[bookmark: _Toc13066467]10.4.4.4A.4	MU assessment
[bookmark: _Toc13066468]10.4.4.4A.4.1	MU Budget
The measurement error sources are described in subclause 10.5.2.3A.5.1.
[bookmark: _Toc13066469]10.4.4.4A.4.2	MU Value
Table 10.4.4.4A.4.2-1: Reverberation chamber uncertainty assessment for 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
	Uncertainty of the measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	2
	Impedance mismatch in the receiving chain
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	5
	Mean value estimation of reference antenna radiation efficiency
	0.15
	0.15
	Gaussian
	1
	1
	0.15
	0.15

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]

	
0.71
	
0.75


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

	
1.40
	
1.46

	NOTE:	This MU budget is applicable if the data tests in procedure step 11) of clause 10.5.2.3A.4 are fulfilled.



[bookmark: _Toc13066470]10.4.4.5	Summary
Table 10.4.4.5-1: 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
	[1.4]
	[1.6]

	Reverberation chamber
	1.40
	1.46

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



[bookmark: _Toc13066471]10.5	Measurement uncertainty for Out-of-band TRP requirements
[bookmark: _Toc13066472]10.5.1	General
The TRP MU consists of an MU per point and a Summation Error (SE) which allows for errors in the calculation of the TRP from multiple directional power measurements and allows for a sparse grid to be used to reduce measurement time. The total MU is calculated as follows:

	
Refer to subclause 10.8 for the SE value.
[bookmark: _Toc13066473]10.5.2	Transmitter mandatory spurious emissions
[bookmark: _Toc13066474]10.5.2.1	General
The conducted spurious emission requirement MU is split up into a number of frequency ranges

	Transmitter spurious emissions, Mandatory Requirements
	dB
	MU 

	30 MHz ≤ f ≤ 4 GHz
	
	2.0

	4 GHz < f ≤ 19 GHz
	
	4.0



The conducted analysis based on UTRA/E-UTRA frequencies which were all below 4.2GHz (at the time), the break point in the MU is hence somewhat related to the in-band and out of band MU analysis. As in-band MU analysis is now being done up to 6GHz (for the LAA and NR bands) it is sensible to change the frequency break point to 6GHz.
The conducted and OTA test set up can be compared as follows:
[image: ]
Figure 10.5.2.1-1:	Conducted and OTA spurious emissions test set up
As the spurious emissions requirements cover a  large frequency span from 30MHz to 12.75GHz it is difficult to use the same measurement chambers as the in band measurements. The CATR for example is not suitable for low frequency measurements.
The chamber analysis is hence done on a general OTA chamber which is capable of all frequency ranges.
Other chambers may be used if their MU is within the final value and they are suitable for the frequencies being tested.
[bookmark: _Toc13066475]10.5.2.2	General chamber
[bookmark: _Toc13066476]10.5.2.2.1	General
As the AAS BS antenna radiating dimensions are fixed then the far field distance increases (FF≈2d2/λ). At 12.75 GHz the far field distance for a 1.5m AAS BS antenna array is almost 200m, this is clearly impractical in an indoor chamber (and the path loss would also make measurement difficult), so spurious emission testing will not always be in the far field. This is acceptable as the requirement is TRP and hence it is not necessary to measure in the far field however it needs to be considered when looking at MU.
Considerations of the large frequency range must also be considered, including the chamber performance (quiet zone), the calibration effectiveness and the available reference and test antennas over the frequency range.
[bookmark: _Toc13066477]10.5.2.2.2	Calibration
Each frequency point can be calibrated using the EIRP calibration approach in sub-clause 10.2.3.2.2 .
The calibration should be repeated for each frequency being tested and each test antenna. 
[bookmark: _Toc13066478]10.5.2.2.3	Procedure
1)	Place the AAS BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (see table 4.10-1, D9.2) of the AAS BS with the test system.
3)	Measurements shall use a measurement bandwidth in accordance to the conditions in subclause 6.7.6.
4)	The measurement device characteristics shall be:
-	Detection mode: True RMS.
5)	Set the AAS BS to transmit according to the applicable test configuration
6)	Align the BS and the test antenna such that measurements to determine TRP can be performed (see subclause 10.8.3)
7)	Measure the emission at the specified frequencies with specified measurement bandwidth 
8)	Repeat step 6-7 for all directions in the appropriated TRP measurement grid needed for full TRP estimation (see subclause 10.8.3) and for frequency points to be tested.
Note 1: the TRP measurement grid may not be the same for all measurement frequencies.
Note 2: the frequency sweep or the TRP measurement grid sweep may be done in any order
9)	Calculate TRP at each specified frequency using the directional measurements.
[bookmark: _Toc13066479]10.5.2.2.4	MU assessment 
[bookmark: _Toc13066480]10.5.2.2.4.1	MU Budget
Table 10.5.2.2.4.1-1: General  Chamber uncertainty contributions
Tx spurious emissions
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	 E4-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	E4-2

	3
	Quality of quiet zone
	E4-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	E4-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	E4-5

	6
	Phase curvature
	E4-6

	7
	Conducted measurement uncertainty (minus mismatch)
	E4-22, F.2

	8
	Impedance mismatch in the receiving chain
	E4-8

	9
	Random uncertainty
	E4-9

	23
	Measurement antenna frequency variation
	E4-20

	24
	FSPL estimation error
	E4-21

	25
	Test system frequency flatness
	E4-19

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	E4-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	E4-11

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	E4-12

	13
	Quality of quiet zone
	E4-3

	14
	Polarization mismatch for reference antenna
	E4-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	E4-5

	16
	Phase curvature
	E4-6

	17
	Uncertainty of the network analyzer
	E4-13, F.1

	18
	Influence of the reference antenna feed cable
	E4-14

	19
	Reference antenna feed cable loss measurement uncertainty
	E4-15

	20
	Influence of the receiving antenna feed cable
	E4-16

	21
	Uncertainty of the absolute gain of the reference antenna
	E4-17

	22
	Uncertainty of the absolute gain of the receiving antenna
	E4-18



[bookmark: _Toc13066481]10.5.2.2.4.2	MU Value
Table 10.5.2.2.4.2-1: General  Chamber uncertainty assessment
Tx spurious emissions
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

	
	
	30MHz<f≤6 GHz
	6GHz<f ≤19GHz
	
	
	
	30MHz<f≤6 GHz
	6GHz<f ≤19GHz

	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
	0
	Rectangular
	√3
	1
	0
	0

	3
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	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
	0
	Rectangular
	√3
	1
	0
	0

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	7
	Conducted measurement uncertainty (minus mismatch
	1.02
	2.04
	Gaussian
	1
	1
	1.02
	2.04

	8
	Impedance mismatch in the receiving chain
	0.2
	0.45
	U-shaped
	√2
	1
	0.14
	0.32

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	23
	Measurement antenna frequency variation
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	24
	FSPL estimation error
	0
	0
	Gaussian
	1
	1
	0
	0

	25
	Test system frequency flatness
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	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
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	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
	0
	Rectangular
	√3
	1
	0
	0

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.2
	Gaussian
	1
	1
	0.13
	0.2

	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
	0.5
	Rectangular
	√3
	1
	0.29
	0.29

	22
	Uncertainty of the absolute gain of the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0

	Combined standard uncertainty (1σ) [dB]
	1.12
	2.11

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	2.20
	4.15



[bookmark: _Toc13066482]10.5.2.3	Void
[bookmark: _Toc13066483]10.5.2.3A	Reverberation chamber
[bookmark: _Toc13066484]10.5.2.3A.1	General
A reverberation chamber (RC) is an electrically large shielded metal enclosure that employs one or several “stirring” methods to randomize the fields, such as moving paddles, turntables, etc. In this way, a large number of uncorrelated samples is obtained. The volume in the room where the field is well-stirred is the working volume. Here the E-field, averaged over an entire stirring cycle, is independent of the location in the room, i.e. the field is spatially uniform. 
For a proper analysis of the measured data a sufficient number of uncorrelated samples is required. The auto-correlation function is used to calculate the offset between statistically uncorrelated samples using the following expression [33]:


where the modulus operator mod(x,y) is the remainder of x/y, here performing  a circular shift of the measurement samples over a distance k. The symbols ⟨x ⟩ and σ= "std" (x) denote the average value and standard deviation. The threshold value for uncorrelated samples is defined as [33]:

	


The distance between uncorrelated samples is calculated as the minimum k-value satisfying . The number of uncorrelated samples is calculated as:

	
When properly designed, this facility can be used for non-directional antenna measurements, such as TRP. In fact, a well-stirred RC is capable of measuring TRP in a reliable way, regardless of the directivity pattern of the emission or frequency range. When measuring TRP of sources with a directive pattern, special care must be taken to characterize the working volume of the chamber, see subclause 10.5.2.3A.2.
[bookmark: _Toc13066485]10.5.2.3A.2	Chamber characterization
The purpose of the chamber characterization is to ensure that the effect of a non-uniform field distribution in the chamber has a negligible influence on the measurement result when the EUT is placed in the working volume. Lack of chamber uniformity is a major contributor to measurement uncertainty in reverberation chambers and should be handled with care.
The uniformity test can be quite time consuming and the test can be performed separate from the EUT measurement. Due to the non-negligible size of BS equipment the EUT can have a significant influence on the uniformity. To take this effect into account, either the EUT itself must be present in the room during characterization or an absorber with dimensions equal or larger than the EUT must be placed at the EUT’s location in the room. 
The characterization procedure consists of placing a reference transmitter antenna (REF TX ant) at different locations and with different orientations in the room. The actual mode of RC operation shall be used, including stirrer movement, EUT movement, diversity antenna usage, etc. The directivity of the REF TX ant will influence the spatial uniformity of the room, a more directive REF TX ant is better at detecting parts of the room that are less-well stirred. Therefore, the REF TX ant chosen for the uniformity test should excite the chamber in a similar way as the EUT.
[image: ]
Figure 10.5.2.3A.2-1:	Setup for characterization of a reverberation chamber
The working volume shall be at least half a wavelength from the chamber walls and other electromagnetic reflective objects according to [34]. According to [33] this distance may be restricted to 0.75 m below 100 MHz. The number of positions and orientations to use depends on the chamber size and the directivity of the REF TX ant. Measurements made at positions and orientations at the edges of the working volume are used to characterize the chamber and derive certain components of uncertainty.
The exact number of positions and orientations remain for further study, but at least (3) uncorrelated locations should be used and (6) uncorrelated orientations per position when directive spurs are to be detected. 
The REF TX ant and the measurement receive antenna (RX) are connected to a Vector Network Analyzer (VNA).  For each location/orientation n of the REF TX ant, RC sample, and desired frequency f, the power transfer function 

	
is measured. The explicit dependence on RC sample and frequency is not written out here. At least 250 uncorrelated samples shall be used per position/orientation. Using a lower number is not compatible with the underlying analysis on measurement uncertainty, see [33, 35]. 
The following tests are performed and shall be verified for each frequency:
a)	Uniformity of transfer function: For each location/orientation evaluate Pn. The standard deviation of these average values shall be below the assumed measurement uncertainty level for UID 9, captured table 10.5.2.3A.5-1.
b)	Dynamic range: The dynamic range of each Pn shall be at least 20 dB. The method to compute it is defined below.
c)	Uncorrelated samples: At least 250 uncorrelated samples shall be used.
It is important to note that spatial uniformity (and number of uncorrelated samples) in an RC is harder to achieve for more directive antenna patterns. As such, the measurement uncertainty of a sub-optimally configured room will be higher and additional measures to randomize the fields should be considered. Optimization of the EUT position in the chamber and positional stirring are good starting points.
[bookmark: _Toc13066486]10.5.2.3A.3	Calibration
To correctly determine the TRP by the EUT a calibration step to account for losses in cables, antennas, etc. is required. A reference PTF is determined at each frequency of interest by using a relevant reference TX antenna (REF TX ant). The chamber should be set up identically to the actual set up of the TRP measurement, which means the EUT has to be in the room, the same stirring procedure has to be used, etc.

A minimum Nref = 1 reference measurement is required, but it is noted that more measurements can be used to estimate the reference PTF and that this will lead to a reduction of the uncertainty by a factor . The radiation efficiency, η, of the reference antenna can be assumed to be the value declared by the manufacturer or can be determined in a separate antenna efficiency measurement.
Calibration procedure
1)	Place the EUT and the REF TX ant in the working volume of the RC. Turn off EUT power and EUT controls. See Figure 10.5.2.3A.4-1 (a). If more positions are used to determine the reference PTF the REF TX ant should be placed at uncorrelated positions within the test volume.
2)	Set the stirrers and turntables in the mode of operation used in the chamber characterization.
3)	Set the sampling rate as in the chamber characterization.
4)	Connect the REF TX ant and the RX antenna with a calibrated Network analyser (NA)
5)	Measure the scattering parameters over a complete stirring cycle for each frequency of interest and for each position and orientation. 

6)	Calculate the reference transfer function 

7)	Calculate the mis-match efficiency 	.
[bookmark: _Toc13066487]10.5.2.3A.4	Procedure
TRP calculation in an RC does not rely on a coordinate system and as such no reference coordinate system is defined for the RC method, and no alignment between EUT and test system is required. The EUT should be placed/mounted in the working volume of the RC. It is advised (but not mandatory) to orient the EUT is such a way that its antenna boresight is pointing towards a well-stirred part of the chamber (such as towards the stirrer).
[image: ][image: ][image: ]
(a)											(b)										(c)
Figure 10.5.2.3A.4-1:	The procedure for TRP measurements uses three consecutive setups: (a) Reference measurement, (b) ambient noise measurement (b), and (c) TRP measurement. The blue dots indicate the measurement planes
The test procedure can be described in two steps as:
Calculate Ambient Power Level
1)	Connect the RX antenna to a calibrated Spectrum analyser (SA) using the same cables as in the calibration step. Turn on the EUT control. Keep the EUT RF power off. Terminate the REF TX ant in a 50Ω load. See Figure 10.5.2.3A.4-1 (b).


2)	Measure the voltage data  and calculate the ambient power level as 

3)	Calculate the ambient TRP level as 
Calculate EUT TRP
1)	Turn on the EUT RF power and measure the received voltage UEUT, see Figure 10.5.2.3A.4-1 (c).

2)	Calculate the EUT power as 

3)	Calculate the TRP from the EUT as 
[bookmark: _Ref528865675]4)	The following tests shall be performed on the measurement data:
-	The dynamic range TRPEUT / TRPamb must be at least 20 dB
-	The number of uncorrelated samples, calculated via the auto-correlation function, see [35], shall be at least 250.
There is no need for additional directional measurements to the stirring cycle. In a well-stirred chamber, all directional components will be contained in the samples collected during the measurement cycle and accounted for correctly in the final TRP calculation.
Note:	A reverberation chamber does not represent a real-life deployment for the EUT and can be considered as a hostile environment due to the potentially high field strengths. Therefore, it is important to make sure that the EUT is operating properly throughout the entire measurement.
[bookmark: _Toc13066488]10.5.2.3A.4A	Test Method limitations and scope
The reverberation chamber test method is not suitable for testing spurious emissions at very low frequencies. The MU evaluation is applicable for the frequency above 380 MHz.
[bookmark: _Toc13066489]10.5.2.3A.5	MU assessment
10.5.2.3A.5.1	MU Budget
Table 10.5.2.3A.5-1: Reverberation Chamber uncertainty contributions Tx spurious emissions
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	E5-1

	2
	Impedance mismatch in the receiving chain
	E5-2

	3
	Random uncertainty
	E5-3

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	E5-4

	5
	Mean value estimation of reference antenna mis-match efficiency
	E5-5

	6
	Uncertainty of the Network Analyzer
	E5-7

	7
	Influence of the reference antenna feed cable
	E5-8

	8
	Mean value estimation of transfer function 
	E5-9

	9
	Uniformity of transfer function
	E5-10



10.5.2.3A.5.2	MU Value
Table 10.5.2.3A.5.2-1: Reverberation Chamber uncertainty assessment spurious emissions
	UID
	Uncertainty source
	Uncertainty value
380 MHz < f ≦ 3 GHz
	Uncertainty value
3 GHz < f ≦ 3.8 GHz
	Uncertainty value
3.8 GHz < f ≦ 12.75 GHz
	Uncertainty value
12.75 GHz < f ≦ 19 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
380 MHz < f ≦ 3 GHz
	Standard uncertainty ui [dB]
3 GHz < f ≦ 3.8 GHz
	Standard uncertainty ui [dB]
3.8 GHz < f ≦ 12.75 GHz
	Standard uncertainty ui [dB]
12.75 GHz < f ≦ 19 GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.14
	0.26
	0.26
	0.37
	Gaussian
	1
	1
	0.14
	0.26
	0.26
	0.37

	2
	Impedance mismatch in the receiving chain
	0.2
	0.2
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14
	0.32
	0.32

	3
	Random uncertainty
	0.1
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.50
	0.50
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50
	0.50
	0.50

	5
	Mean value estimation of reference antenna radiation efficiency
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27
	0.27

	6
	Uncertainty of the Network Analyzer
	0.13
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.13
	0.20
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27
	0.27

	9
	Uniformity of transfer function
	1.5
	1.5
	1.5
	1.5
	Gaussian
	1
	1
	1.5
	1.5
	1.5
	1.5

	Combined standard uncertainty (1σ) [dB]

	1.66
	1.68
	1.70
	1.72


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

	3.25
	3.29
	3.33
	3.37

	NOTE:	This MU budget is applicable if the data tests in procedure step 4) of sublause 10.5.2.3A.4 are fulfilled.



[bookmark: _Toc13066490]10.5.2.4	Test Tolerance
The conduced test tolerance for the mandatory spurious emissions requirements is zero. As the requirements are set by regulatory limits the same test tolerance is used for OTA.
TT=0.
[bookmark: _Toc13066491]10.5.2.5	Summary
For general chamber the total MU is calculated by adding the MUperpoint and the SE (see subclause 10.8) we have:

	,	30MHz<f≤6 GHz

	,	6GHz<f≤19 GHz
By adding the MU per point and the SE values together we have the following total MU:
	MUtotal = 2.3dB, 30MHz<f≤6GHz
	MUtotal = 4.2dB, 6GHz<f≤19GHz
The test tolerance for mandatory spurious emissions is zero.
[bookmark: _Toc13066492]10.5.3	Receiver spurious emissions
[bookmark: _Toc13066493]10.5.3.1	General
The conducted receiver spurious emission requirement MU is the same as for the TX spurious emissions, the measurement technique is the same and the power level is >-60dBm (where there is a break point for conducted power measurement accuracy), so this is reasonable.
For the OTA receiver emissions requirements however the lower power level of the requirement reduces the dynamic range of the TRP measurement and reduces measurement accuracy.
Considering that the loss in the chamber is based on the wanted signal being in the far field the per point noise floor is assumed to be approx -100dBm and the receiver emissions level translated to the test equipment is approx -90dBm. Hence the TRP calculation has only a 10dB dynamic range.
An uncertainty of 1dB is added to the TRP uncertainty budget to account for this additional uncertainty.
[bookmark: _Toc13066494]10.5.3.2	General chamber
[bookmark: _Toc13066495]10.5.3.2.1	General
As the AAS BS antenna radiating dimensions are fixed then the far field distance increases (FF≈2d2/λ). At 12.75 GHz the far field distance for a 1.5m AAS BS antenna array is almost 200m, this is clearly impractical in an indoor chamber (and the path loss would also make measurement difficult), so spurious emission testing will not always be in the far field. This is acceptable as the requirement is TRP and hence it is not necessary to measure in the far field however it needs to be considered when looking at MU.
Considerations of the large frequency range must also be considered, including the chamber performance (quiet zone), the calibration effectiveness and the available reference and test antennas over the frequency range.
[bookmark: _Toc13066496]10.5.3.2.2	Calibration
The calibration is the same as described in sub-clause 10.5.2.2.2.
[bookmark: _Toc13066497]10.5.3.2.3	Procedure
The measurement procedure is the same as described in sub-clause 10.5.2.2.3.
[bookmark: _Toc13066498]10.5.3.2.4	MU assessment 
[bookmark: _Toc13066499]10.5.3.2.4.1	MU Budget
Table 10.5.3.2.4.1-1: General  Chamber uncertainty contributions
Rx spurious emissions
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	 E4-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	E4-2

	3
	Quality of quiet zone
	E4-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	E4-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	E4-5

	6
	Phase curvature
	E4-6

	7
	Conducted measurement uncertainty 
	E4-22, F.2

	8
	Impedance mismatch in the receiving chain
	E4-8

	9
	Random uncertainty
	E4-9

	23
	Measurement antenna frequency variation
	E4-20

	24
	FSPL estimation error
	E4-21

	25
	Test system frequency flatness
	E4-19

	26
	Measurement system dynamic range uncertainty
	E4-21

	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
	E4-10

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	E4-11

	13
	Quality of quiet zone
	E4-12

	14
	Polarization mismatch for reference antenna
	E4-3

	15
	Mutual coupling between the reference antenna and the receiving antenna
	E4-4

	16
	Phase curvature
	E4-5

	17
	Uncertainty of the network analyzer
	E4-6

	18
	Influence of the reference antenna feed cable
	E4-13, F.1

	19
	Reference antenna feed cable loss measurement uncertainty
	E4-14

	20
	Influence of the receiving antenna feed cable
	E4-15

	21
	Uncertainty of the absolute gain of the reference antenna
	E4-16

	22
	Uncertainty of the absolute gain of the receiving antenna
	E4-17



[bookmark: _Toc13066500]10.5.3.2.4.2	MU Value
Table 10.5.3.2.4.2-1: General Chamber uncertainty assessment
Rx spurious emissions
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

	
	
	30MHz<f≤6 GHz
	6GHz<f ≤19GHz
	
	
	
	30MHz<f≤6 GHz
	6GHz<f ≤19GHz

	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
	0
	Rectangular
	√3
	1
	0
	0

	3
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	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
	0
	Rectangular
	√3
	1
	0
	0

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	7
	Conducted measurement uncertainty (minus mismatch)
	1
	1.99
	Gaussian
	1
	1
	1
	1.99

	8
	Impedance mismatch in the receiving chain
	0.2
	0.45
	U-shaped
	√2
	1
	0.14
	0.32

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	23
	Measurement antenna frequency variation
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	24
	FSPL estimation error
	0
	0
	Gaussian
	1
	1
	0
	0

	25
	Test system frequency flatness
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	26
	Measurement system dynamic range uncertainty 
	0.51
	0.51
	Gaussian
	1
	1
	0.51
	0.51

	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
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	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
	0
	Rectangular
	√3
	1
	0
	0

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.2
	Gaussian
	1
	1
	0.13
	0.2

	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
	0.5
	Rectangular
	√3
	1
	0.29
	0.29

	22
	Uncertainty of the absolute gain of the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0

	Combined standard uncertainty (1σ) [dB]
	1.22
	2.13

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	2.39
	4.18



[bookmark: _Toc13066501]10.5.3.3	Void
[bookmark: _Toc13066502]10.5.3.4	Test Tolerance
The conduced test tolerance for the receiver spurious emissions requirements is zero. However for OTA AAS BS the receiver spurious emissions requirements only apply to TTD in OFF mode. As such the limit is set by RAN4 to be considerably lower than the equivalent regulatory requirement.
In addition due to the difficulty in measuring low levels of TRP close to the measurement system noise floor the risk of false failures is high. As the risk is due to the noise floor of the measurement system it cannot be mitigated by BS design
Hence it has been agreed that for receiver spurious emissions the TT=MU.
[bookmark: _Toc13066503]10.5.3.5	Summary
Adding the MUperpoint and the SE (see subclause 10.8) we have:

	,	30MHz<f≤6 GHz

	,	6GHz<f≤19 GHz
By adding the MU per point and the SE values together we have the following total MU:MUtotal = 2.5dB,	30MHz<f≤6GHz
	MUtotal = 4.2dB,	6GHz<f≤19GHz
The TT values are as follows:
	TT = 2.5dB,	30MHz<f≤6GHz
	TT = 4.2dB,	6GHz<f≤19GHz
[bookmark: _Toc13066504]10.5.4	Additional (co-existence) spurious emissions
[bookmark: _Toc13066505]10.5.4.1	General
The additional spurious emissions requirements consist of the co-existence emissions requirements, and some additional regional requirements such as the protection of PHS and 700 and 800 public safety.
The conducted MU are consistent with the mandatory spurious emissions MU but are split into different frequency sub-divisions
Table 10.5.4.1-1: Conducted additional spurious emissions requirements
	Name
	Unit
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz

	
	
	AAS
	AAS
	E-UTRA

	6.7.6.4 Transmitter spurious emissions, Additional spurious emission requirements
	dB
	 

	> -60dBm, f ≤ 3.0GHz
	
	2.0

	> -60dBm, 3.0GHz < f ≤ 4.2GHz
	
	2.5

	> -60dBm, 4.2GHz < f ≤ 6.0GHz
	
	3.0

	> -60dBm, 6.0GHz < f ≤ 26.0GHz
	
	x
	x
	x

	≤ -60dBm, f ≤ 3.0GHz
	
	3.0

	≤ -60dBm, 3.0GHz < f ≤ 4.2GHz
	
	3.5

	≤ -60dBm, 4.2GHz < f ≤ 6.0GHz
	
	4.0

	≤ -60dBm, 6.0GHz < f ≤ 26.0GHz
	
	x
	x
	x



The lower power levels (≤ -60dBm ) are only needed for home BS, as we have no home BS in AAS these can be ignored.
The test set up for the OTA additional emissions requirements is the same as that for the mandatory spurious emissions in Figure 10.5.2.1-1. However, the additional spurious emissions are at a much lower level than the mandatory requirements so the additional effect of the test system dynamic range must be considered in the same way as the receiver emissions requirements. 
Unlike the other spurious emissions requirements the additional (co-existence) requirements are specified for other 3GPP bands and as such can be measured in the same chambers as the in-band measurements.
As the CATR MU budget results is the largest MU and is used for setting the in-band MU values only the CATR MU is analysed below. However any suitable IAC or near field) chamber can be used.
[bookmark: _Toc13066506]10.5.4.2	CATR
[bookmark: _Toc13066507]10.5.4.2.1	General
The CATR method only is described as it provides the worst MU budget for the additional requirements MU analysis. 
[bookmark: _Toc13066508]10.5.4.2.2	Calibration
The same calibration is carried out as the EIRP calibration described in TR 37.82 [4]
Note: This stage may be omitted provided calibration stage has been performed already during output power measurement
[bookmark: _Toc13066509]10.5.4.2.3	Procedure
The reference procedure can be found in subclause 10.4.1.3.3.
The appropriate parameters in step 5 is the mean power of additional spurious emissions test over the measurement BW described in the test requirement
[bookmark: _Toc13066510]10.5.4.2.4	MU assessment 
[bookmark: _Toc13066511]10.5.4.2.4.1	MU Budget
Table 10.5.4.2.4.1-1: Compact antenna test range uncertainty contributions for AAS BS OTA additional spurious emissions measurement
	UID
	Description of uncertainty contribution
	Details in annex of [1]

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	E2-1

	2
	Conducted measurement uncertainty (minus mismatch)
	E4-22, F.2

	3
	Standing wave between DUT and test range antenna
	E2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	5
	QZ ripple DUT
	E2-5

	19
	Miscellaneous uncertainty
	E2-14

	25
	Measurement system dynamic range uncertainty
	E4-22

	26
	Test system frequency flatness
	E2-16

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	F.1

	7
	Mismatch of receiver chain
	E2-7

	8
	Insertion loss variation of receiver chain
	E2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	E2-4

	10
	Influence of the calibration antenna feed cable:
a)	Flexing cables, adapters, attenuators, connector repeatability
	E2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	F.1

	12
	Misalignment positioning system
	E2-11

	13
	Misalignment of calibration antenna and test range antenna
	E2-1

	14
	Rotary Joints
	E2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	E2-3

	16
	Quality of quiet zone
	E2-5

	20
	Switching uncertainty
	E2-15



[bookmark: _Toc13066512]10.5.4.2.4.2	MU Value
Table 10.5.4.2.4.2-1: Compact antenna test range uncertainty assessment for AAS BS OTA additional spurious emissions measurement
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

	
	
	f≤3 GHz
	3GHz<f ≤4.2GHz
	4.2GHz<f ≤6GHz
	
	
	
	f≤3 GHz
	3GHz<f ≤4.2GHz
	4.2GHz<f ≤6GHz

	Stage 2: DUT measurement
	 

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

	2
	Conducted measurement uncertainty (minus mismatch)
	1.02
	1.28
	1.53
	 Gaussian
	1
	 1
	1.02
	1.28
	1.53

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

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

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

	25
	Measurement system dynamic range uncertainty 
	0.51
	0.51
	0.51
	Normal 
	1
	1
	0.51
	0.51
	0.51

	26
	Test system frequency flatness
	0.25
	0.25
	0.25
	Normal 
	1
	1
	0.25
	0.25
	0.25

	Stage 1: Calibration measurement
	 

	6
	Network Analyzer
	0.13
	0.2
	0.2
	Normal
	1
	1
	0.13
	0.2
	0.2

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

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	0.18
	Rectangular
	√3
	1
	0.1
	0.1
	0.1

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

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

	11
	SGH Calibration uncertainty
	0.5
	0.433
	0.433
	Rectangular
	√3
	1
	0.29
	0.25
	0.25

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

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

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

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

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

	17
	Switching uncertainty
	0.26
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
	1.27
	1.50
	1.72

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	2.48
	2.93
	3.37



[bookmark: _Toc13066513]10.5.4.3	Void
[bookmark: _Toc13066514]10.5.4.4	Test Tolerance
The conduced test tolerance for the additional spurious emissions requirements is zero. 
However for OTA AAS BS, the difficulty in measuring TRP of the additional spurious emissions requirements at low levels close to the measurement system noise floor means the high risk of false failures. As the risk is due to the noise floor of the measurement system it cannot be mitigated by BS design.
As the 3GPP to 3GPP co-existence requirements are not regulatory but set by RAN4 to assist with co-existence of 3GPP systems in the same geographical area it is acceptable for RAN4 to set the TT value to be non-zero.
Hence it has been agreed that for 3GPP to 3GPP co-existence spurious emissions the TT=MU.
Some additional requirements such as the protection of PHS and the 700 and 800MHz  public safety bands, are regulatory so it is not possible to have anon zero TT, hence for these requirements the TT is zero.
[bookmark: _Toc13066515]10.5.4.4	Summary
Adding the MUperpoint and the SE (see subclause 10.8) we have:

	,	f≤3 GHz

	,	3GHz<f≤4.2 GHz

	,	4.2GHz<f≤6 GHz
By adding the MU per point and the SE values together we have the following total MU:
MUtotal = 2.6dB,								f≤3 GHz
	MUtotal = 3.0dB,	3GHz<f≤4.2 GHz
	MUtotal = 3.5dB,	4.2GHz<f≤6 GHz
For additional requirements for co-existence between 3GPP bands the TT values are as follows:
	TT = 2.6dB,	f≤3 GHz
	TT = 3.0dB,	3GHz<f≤4.2 GHz
	TT = 3.5dB,	4.2GHz<f≤6 GHz
For PHS, and public safety additional requirements the TT=0dB.
[bookmark: _Toc13066516]10.6	Measurement uncertainty for Co-location requirements
[bookmark: _Toc13066517]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].
[bookmark: _Toc13066518]10.6.2	OTA transmitter OFF power
[bookmark: _Toc13066519]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).
[bookmark: _Toc13066520]10.6.2.2	In-door anechoic chamber
[bookmark: _Toc13066521]10.6.2.2.1	General
This method measures the OTA transmitter OFF power in an anechoic chamber
[bookmark: _Toc13066522]10.6.2.2.2	Calibration
See sub-clause 10.6.2.3.2.
[bookmark: _Toc13066523]10.6.2.2.3	Procedure
See sub-clause 10.6.2.3.3.
[bookmark: _Toc13066524]10.6.2.2.4	MU assessment 
[bookmark: _Toc13066525]10.6.2.2.4.1	MU Budget
[bookmark: _Toc13066526]10.6.2.2.4.2	MU Value
[bookmark: _Toc13066527]10.6.2.3	CATR
[bookmark: _Toc13066528]10.6.2.3.1	General
This method measures the OTA transmitter OFF power in a compact antenna test range chamber.
[bookmark: _Toc13066529]10.6.2.3.2	Calibration
Calibration for wanted signal power level is the same as in subclause 10.2.3.2.2. 
[bookmark: _Hlk513715861]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.
[bookmark: _Toc13066530]10.6.2.3.3	Procedure
[bookmark: _Hlk513715932]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.
[bookmark: _Toc13066531]10.6.2.3.4	MU assessment 
[bookmark: _Toc13066532]10.6.2.3.4.1	MU Budget
[bookmark: _Toc13066533]10.6.2.3.4.2	MU Value
10.6.2.4	General chamber
10.6.2.4.1	General
This method measures the OTA TDD OFF power level characteristics in a general OTA chamber.
10.6.2.4.2	Calibration
10.6.2.4.3	Procedure
10.6.2.4.4	MU assessment 
10.6.2.4.4.1	MU Budget
10.6.2.4.4.2	MU Value
Table 10.6.2.4.4.2-1: MU for TDD OFF power level
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 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
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA (Note)
	1.50
	1.50
	
1.50
	Rectangular
	√3
	1
	0.87
	0.87
	
0.87

	
	Uncertainty related to the placement of the CLTA (Note)
	1.70
	1.70
	
1.70
	Rectangular
	√3
	1
	0.98
	0.98
	
0.98

	2
	Uncertainty related to measuring close to noise floor
	1.00
	1.00
	1.00
	Gaussian
	1
	1
	1.00
	
1.00
	
1.00

	
	Impedance mismatch between feeder cable and CLTA
	0.14
	0.23
	
0.25
	U-Shaped
	√2
	1
	0.10
	0.16
	
0.18

	
	Gain variations in LNA
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	9
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	
	Measurement receiver accuracy
	0.41
	0.74
	0.80
	Gaussian
	1
	1
	0.41
	0.74
	0.80

	
	Reflections in anechoic chamber
	0.01
	0.01
	0.01
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	
	Gain variations in measurement amplifier
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	Stage 1: Calibration measurement

	7
	Noise figure measurement accuracy
	0.2
	0.20
	
0.20
	Gaussian
	1
	1
	0.20
	0.20
	
0.20


	Combined standard uncertainty (1σ) [dB]
[image: ]
	1.72
	1.83
	

1.86

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	3.36
	3.58
	
3.64

	NOTE: It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 



[bookmark: _Toc13066534]10.6.2.5	Summary
[bookmark: _Toc13066535]10.6.3	OTA co-location spurious emissions
[bookmark: _Toc13066536]10.6.3.1	General
[bookmark: _Toc13066537]10.6.3.2	In-door anechoic chamber
[bookmark: _Toc13066538]10.6.3.2.1	General
This method measures the OTA co-location spurious emissions in an anechoic chamber
[bookmark: _Toc13066539]10.6.3.2.2	Calibration
See sub-clause 10.6.X.3.2.
[bookmark: _Toc13066540]10.6.3.2.3	Procedure
See sub-clause 10.6.X.3.3.
[bookmark: _Toc13066541]10.6.3.2.4	MU assessment 
[bookmark: _Toc13066542]10.6.3.2.4.1	MU Budget
[bookmark: _Toc13066543]10.6.3.2.4.2	MU Value
[bookmark: _Toc13066544]10.6.3.3	CATR
[bookmark: _Toc13066545]10.6.3.3.1	General
This method measures the OTA co-location spurious emissions in a compact antenna test range chamber.
[bookmark: _Toc13066546]10.6.3.3.2	Calibration
Calibration for wanted signal power level is the same as in subclause 10.2.3.3.2. 
Additionally, the losses in the signal chain between [co-location reference antenna] conducted output(s) and measurement equipment need to be calibrated out:
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.
[bookmark: _Toc13066547]10.6.3.3.3	Procedure
1)	Place AAS BS and [co-location reference antenna] as specified in subclause 4.15, 3GPP TS 37.145-2 [24].  
[bookmark: _Hlk513715248]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)	OTA co-location spurious emissions are measured at the [co-location reference antenna] conducted output(s). 
5)	The measurement device (signal analyser) characteristics shall be:
-	Detection mode: True RMS.
6)	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.
7)	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.
[bookmark: _Toc13066548]10.6.3.3.4	MU assessment 
[bookmark: _Toc13066549]10.6.3.3.4.1	MU Budget
[bookmark: _Toc13066550]10.6.3.3.4.2	MU Value
10.6.3.4	General chamber
10.6.3.4.1	General
This method measures the OTA co-location spurious emission characteristics in a general OTA chamber.
10.6.3.4.2	Calibration
10.6.3.4.3	Procedure
10.6.3.4.4	MU assessment 
10.6.3.4.4.1	MU Budget
10.6.3.4.4.2	MU Value
Table 10.6.3.4.4.2-1: MU for OTA co-location spurious emission
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 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
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA (Note)
	1.50
	1.50
	
1.50
	Rectangular
	√3
	1
	0.87
	0.87
	
0.87

	
	Uncertainty related to the placement of the CLTA (Note)
	1.70
	1.70
	
1.70
	Rectangular
	√3
	1
	0.98
	0.98
	
0.98

	2
	Uncertainty related to measuring close to noise floor
	0.68
	0.68
	0.68
	Gaussian
	1
	1
	0.68
	
0.68
	
0.68

	
	Impedance mismatch between feeder cable and CLTA
	0.14
	0.23
	
0.25
	U-Shaped
	√2
	1
	0.10
	0.16
	
0.18

	
	Gain variations in LNA
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	9
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	
	Measurement receiver accuracy
	0.41
	0.74
	0.80
	Gaussian
	1
	1
	0.41
	0.74
	0.80

	
	Reflections in anechoic chamber
	0.01
	0.01
	0.01
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	
	Gain variations in measurement amplifier
	0.10
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10
	0.10

	Stage 1: Calibration measurement

	7
	Noise figure measurement accuracy
	0.2
	0.20
	
0.20
	Gaussian
	1
	1
	0.20
	0.20
	
0.20


	Combined standard uncertainty (1σ) [dB]
[image: ]
	1.56
	1.68
	

1.71

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	3.10
	3.29
	
3.35

	NOTE:	It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 



[bookmark: _Toc13066551]10.6.3.5	Summary
{editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}

[bookmark: _Toc13066552]10.6.4	OTA Transmitter intermodulation
[bookmark: _Toc13066553]10.6.4.1	General
[bookmark: _Toc13066554]10.6.4.2	In-door anechoic chamber 
[bookmark: _Toc13066555]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 intermodulation. 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 separation is no less than 2D2/λ.}
[image: ]
(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. } 
[bookmark: _Toc13066556][bookmark: _Hlk506307901][bookmark: _Hlk506308082]10.6.4.2.2	Calibration
Calibration of the emission measurements shall be done with the procedure as shown in 10.2.3.2.2.
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}
[bookmark: _Toc13066557][bookmark: _Hlk506307974]10.6.4.2.3	Procedure
[bookmark: _Hlk506308051]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.
[bookmark: _Toc13066558]10.6.4.2.4	MU assessment
[bookmark: _Toc13066559]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}
[bookmark: _Toc13066560]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]


	
	

	 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}
[bookmark: _Toc13066561]10.6.4.3	CATR
[bookmark: _Toc13066562]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.
[bookmark: _Toc13066563]10.6.4.3.2	Calibration
Calibration for wanted signal power level is the same as in subclause 10.2.3.3.2. 
Additionally, the losses in the signal chain between [co-location reference antenna] conducted input(s) and measurement equipment need to be calibrated out: 
1)	able 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)
[bookmark: _Toc13066564]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
	
[bookmark: _Toc13066565]10.6.4.3.4	MU assessment 
[bookmark: _Toc13066566]10.6.4.3.4.1	MU Budget
[bookmark: _Toc13066567]10.6.4.3.4.2	MU Value
[bookmark: _Toc13066568]10.6.4.4	Shielded Anechoic Chamber
[bookmark: _Toc13066569]10.6.4.4.1	General
This method measures the OTA transmitter intermodulation emissions in a shielded anechoic chamber.


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. 
[bookmark: _Toc13066570]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.
[bookmark: _Toc13066571]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 sufficient 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 subclause 10.8.
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.
[bookmark: _Toc13066572]10.6.4.4.4	MU assessment
[bookmark: _Toc13066573]10.6.4.4.4.1	MU Budget
[bookmark: _Toc13066574]10.6.4.4.4.2	MU Value
10.6.4.5	General chamber
10.6.4.5.1	General
This method measures the OTA co-location blocking characteristics in a general OTA chamber.
10.6.4.5.2	Calibration
10.6.4.5.3	Procedure
10.6.4.5.4	MU assessment 
10.6.4.5.4.1	MU Budget
10.6.4.5.4.2	MU Value
Table 10.6.4.5.4.2-1 MU for transmitter intermodulation interferer signal
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 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
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA (Note)
	1.5
	1.5
	
1.5
	Rectangular
	√3
	1
	0.87
	0.87
	
0.87

	
	Uncertainty related to the placement of the CLTA (Note)
	1.7
	1.7
	
1.7
	Rectangular
	√3
	1
	0.98
	0.98
	
0.98

	
	Impedance mismatch between feeder cable and CLTA
	0.14
	0.23
	
0.25
	U-Shaped
	√2
	1
	0.10
	0.16
	
0.18

	9
	Random uncertainty
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	
	Reflections in anechoic chamber
	0.01
	0.01
	0.01
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	Stage 1: Calibration measurement

	7
	Conducted measurement uncertainty
	1.0
	1.1
	
1.2
	Gaussian
	1
	1
	1.00
	1.10
	
1.20


	Combined standard uncertainty (1σ) [dB]
[image: ]
	1.65
	1.72
	

1.79

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	3.23
	3.37
	
3.51

	NOTE: It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 



[bookmark: _Toc13066575]10.6.4.5	Summary
{Editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}
[bookmark: _Toc13066576]10.6.5	OTA co-location blocking
[bookmark: _Toc13066577]10.6.5.1	General
[bookmark: _Toc13066578]10.6.5.2	In-door anechoic chamber
[bookmark: _Toc13066579]10.6.5.2.1	General
This method measures the OTA co-location blocking in an anechoic chamber
[bookmark: _Toc13066580]10.6.5.2.2	Calibration
See sub-clause 10.6.5.3.2.
[bookmark: _Toc13066581]10.6.5.2.3	Procedure
See sub-clause 10.6.5.3.3.
[bookmark: _Toc13066582]10.6.5.2.4	MU assessment 
{Editor’s note: MU assessment for OTA co-location blocking in in-door anechoic chamber.} 
[bookmark: _Toc13066583]10.6.5.2.4.1	MU Budget
[bookmark: _Toc13066584]10.6.5.2.4.2	MU Value
[bookmark: _Toc13066585]10.6.5.3	CATR
[bookmark: _Toc13066586]10.6.5.3.1	General
This method measures the OTA co-location blocking in a compact antenna test range chamber. 


Figure 10.6.5.3.1-1: General OTA co-location blocking test set-up
[bookmark: _Toc13066587]10.6.5.3.2	Calibration
Calibration for wanted signal power level is the same as in subclause 10.2.3.3.2
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.
[bookmark: _Toc13066588]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.	
[bookmark: _Toc13066589]10.6.5.3.4	MU assessment 
[bookmark: _Toc13066590]10.6.5.3.4.1	MU Budget
[bookmark: _Toc13066591]10.6.5.3.4.2	MU Value
[bookmark: _Hlk522803856]10.6.5.5	General chamber
10.6.5.5.1	General
This method measures the OTA co-location blocking characteristics in a general OTA chamber.
10.6.5.5.2	Calibration
10.6.5.5.3	Procedure
10.6.5.5.4	MU assessment 
10.6.5.5.4.1	MU Budget
10.6.5.5.4.2	MU Value

Table 10.6.5.5.4.2-1 MU for co-location blocking interferer signal
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 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
	Standard uncertainty ui [dB]
4.2 GHz < f ≦ 6 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA (Note)
	1.5
	1.5
	
1.5
	Rectangular
	√3
	1
	0.87
	0.87
	
0.87

	
	Uncertainty related to the placement of the CLTA (Note)
	1.7
	1.7
	
1.7
	Rectangular
	√3
	1
	0.98
	0.98
	
0.98

	
	Impedance mismatch between feeder cable and CLTA
	0.14
	0.23
	
0.25
	U-Shaped
	√2
	1
	0.10
	0.16
	
0.18

	9
	Random uncertainty
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	
	Reflections in anechoic chamber
	0.01
	0.01
	0.01
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	Stage 1: Calibration measurement

	7
	Conducted measurement uncertainty
	1.0
	1.1
	
1.2
	Gaussian
	1
	1
	1.00
	1.10
	
1.20


	Combined standard uncertainty (1σ) [dB]
[image: ]
	1.65
	1.72
	

1.79

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	3.23
	3.37
	
3.51

	NOTE:	It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 



[bookmark: _Toc13066592]10.6.5.5	Summary
{editors note: Last section at this level summarises MU estimates for all chambers and concludes final agreed MU}
[bookmark: _Toc13066593]10.7	Measurement uncertainty for Out-of-band Blocking requirements
[bookmark: _Toc13066594]10.7.1	General
The out of band blocking requirement requires both a wanted in-band signal and an interferer out of band signal to be transmitted with the chamber. The wanted signal is defined at in the far field, the interferer is defined as a field strength, due to the large range for frequencies it will not always be in the far field.
Hence any acceptable measurement chamber for the OTA sensitivity requirement is also suitable for the out of band blocking requirement, it may be necessary that the interfering signal is transmitted from a separate antenna due to the large frequency range of the interferer.
AAS BS
Test system Calibrated point
θ
ϕ
0
AAS declared coordinate reference point and orientation
Test system enclosure
Test antenna (out of band)
Signal Generator for the interfering signal
Signal Generator for the wanted signal
Test antenna (in band)
Test antenna polarisation can be adjusted

Figure 10.7.1-1: General OTA blocking test set-up using a different antenna
Worst case the wanted and interfering signal are transmitted from separate test antennas, hence they each may have a different uncertainty associated with the OTA chamber. This differs from the in-band interference measurements where the wanted signal and the interferer are added together outside the chamber and applied to the same test antenna and hence have a common OTA chamber uncertainty.
For the wanted signal the calibration procedure and MU for the OTA sensitivity in sub-clause 10.3.2 can be assumed for each chamber type. 
The unwanted signal the signal is defined as a field strength so can be applied in the near field with the assumption that the test antenna fully illuminated the AAS BS under test. For the purposes of calculating a MU value of the interfering signal the same general out of band OTA chamber used for the spurious emissions requirement in sub-clause 10.5.2 is assumed.
The out of band blocking is analysed using the same methodology as the other receiver interference requirements where:

	
The MU of the wanted signal is the same as that for the OTA sensitivity requirement.
The MU for the broad band noise effect is the same as the conducted requirement (0.1dB).
The uncertainty of the interferer is analysed in this section using a general chamber assumption. The requirement may be tested in any suitable chamber (IAC, CATR) that is capable of measuring EIS accurately and also applying the out of band interferer. For interferer frequencies where it can be applied from a common antenna (like the in-band requirements) this is acceptable but it is expected the MU will be lower so will not influence the final MU value. The chosen chamber must of course be specified to handle the frequency of both the interfere and the wanted signal. The complete out of band blocking test may be completed using multiple chambers for different frequency ranges if necessary.
[bookmark: _Toc13066595]10.7.2	General Chamber
10.7.2.1	General
A general chamber is analysed for the interferer MU value, this is considered worst case for setting the MU value.
10.7.2.2	Calibration
For calibration of the wanted signal path see sub-clause 10.3.2.
The interferer path is calibrated using the same method with appropriate antennas.
10.7.2.3	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).
10.7.2.4	MU assessment
10.7.2.4.1	MU Budget
Table 10.7.2.4.1-1: uncertainty assessment for out of band blocking interferer level
	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 test antenna
	 

	3
	Quality of quiet zone
	 

	4
	Polarization mismatch between the AAS BS and the test antenna
	 

	5
	Mutual coupling between the AAS BS and the test antenna
	 

	6
	Phase curvature
	 

	8
	Impedance mismatch in the test chain
	 

	9
	Random uncertainty
	 

	23
	Measurement antenna frequency variation
	 

	24
	FSPL estimation error
	 

	25
	Test system frequency flatness
	 

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the test antenna and the network analyzer
	 

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

	16
	Phase curvature
	 

	17
	Uncertainty of the network analyzer
	 

	18
	Influence of the reference antenna feed cable
	 

	19
	Reference antenna feed cable loss measurement uncertainty
	 

	20
	Influence of the test antenna feed cable
	 

	21
	Uncertainty of the absolute gain of the reference antenna
	 

	22
	Uncertainty of the absolute gain of the test antenna
	 



[bookmark: _Toc13066596]10.7.2.4.2	MU Value
Table 10.7.2.4.2-1: uncertainty assessment for out of band blocking interferer
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

	
	
	30MHz<f≤3 GHz
	3GHz<f ≤6GHz
	6GHz<f ≤12.75GHz
	
	
	
	30MHz<f≤3 GHz
	3GHz<f ≤6GHz
	6GHz<f ≤12.75GHz

	Stage 2: DUT measurement

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

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0
	0
	0
	Rectangular
	√3
	1
	0
	0
	0

	3
	Quality of quiet zone
	0.1
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1
	0.1

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

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0
	0
	0
	Rectangular
	√3
	1
	0
	0
	0

	6
	Phase curvature
	0.05
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05
	0.05

	8
	Impedance mismatch in the receiving chain
	0.2
	0.2
	0.45
	U-shaped
	√2
	1
	0.14
	0.14
	0.32

	9
	Random uncertainty
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	 23
	Measurement antenna frequency variation
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	 24
	FSPL estimation error
	0
	0
	0
	Gaussian
	1
	1
	0
	0
	0

	 25
	Test system frequency flatness
	0.25
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25
	0.25

	Stage 1: Calibration measurement

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

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

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

	13
	Quality of quiet zone
	0.1
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1
	0.1

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

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0
	0
	0
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	16
	Phase curvature
	0.05
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.13
	0.2
	Gaussian
	1
	1
	0.13
	0.13
	0.2

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

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

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

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

	22
	Uncertainty of the absolute gain of the receiving antenna
	0
	0
	0
	Rectangular
	√3
	1
	0.00
	0.00
	0.00

	Combined standard uncertainty (1σ) [dB]
	0.47
	0.47
	0.57

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	0.93
	0.93
	1.12



[bookmark: _Toc13066597]10.7.2.4.3	Interferer MU total
The OTA chamber is one part of the total interferer MU value. The rest of the MU is from the conducted signal accuracy, for this the conducted accuracy is used as a guide. In addition care is taken to ensure the mismatch is not added twice (from the chamber and the conducted value) and also it is considered if a PA is needed to achieve sufficient test signal power level.
The interferer is specified as a field strength of 0.36V/m, the required conducted power level depends one chamber size (the FSPL) the test antenna gain and the conducted signal path, and example is given in table 10.7.2.4.3-1.
Table 10.7.2.4.3-1: Example of required conducted interferer level
	OOB blocking interferer level

	field strength
	0.36
	V/m

	d
	4
	m

	EIRP
	18.40
	dBm

	Ant
	5
	dBi

	cables, filers etc
	10
	dB

	Sig gen
	23.40
	dBm



Some signal generators can provide 23.4dBm but it is at the top end so it is sensible to consider a PA in the test set up.
The MUinterferer value is hence given by:

	
For each of the frequency ranges this gives the value in table 10.7.2.4.3-2.
Table 10.7.2.4.3-2: MUinterferer values
	Freq range
	Unit
	cond. int. (mod)
	PA
	cond. Matching
	out of band chamber
	OTA interferer

	30MHz<f≤3 GHz
	dB
	1
	0.2
	0.294
	0.93
	1.35

	3GHz<f ≤6GHz
	
	1.2
	0.2
	0.294
	0.93
	1.50

	6GHz<f ≤12.75 GHz
	
	3
	0.2
	0.55
	1.12
	3.16



[bookmark: _Toc13066598]10.7.3	Summary
The final MU is calculated as follows:

	
The Noiseeffect from the signal generator is 0.1dB and the MUwantedsignal value is MUEIS from 3GPP TR 37.842 [4].
The final values are given in table 10.7.3-1
Table 10.7.3-1: MU values for out of band blocking
	OTA

	OOB blocking MU (dB)
	Wanted signal operating band

	
	30MHz<f≤3 GHz
	3GHz<f ≤4.2GHz
	

	Interferer frequency
	30MHz<f≤3 GHz
	2.0
	2.0
	

	
	3GHz<f ≤6GHz
	2.1
	2.1
	

	
	6GHz<f ≤12.75GHz
	3.5
	3.6
	



10.8	TRP measurement
10.8.1	General
The TRP or the radiated power is simply the total power radiated by an EUT, as in subclause 5.1.1. In theory, due to energy conservation, TRP is independent of choice of test distance.
In theory, TRPReference is defined as the integral of the EUT’s far field radiation pattern over a spherical surface, that is

	
where U(θ, ϕ) is the radiation intensity at each angle in watts per Steradian. In the far field, the radiation intensity can be defined as

	
Thus, the definite integral for TRPReference becomes

	
Since EIRP is defined only in the far field, some occasions the power measurements can be performed at distances less than 2d2/λ (the traditional approximate far-field distance ). It may be possible to measure power density in near field considering only the magnitude of the tangential part of E field,  with an acceptable level of accuracy assuming far field conditions. Thus equation can be expressed as

	
where  and  (intrinsic impedance of vacuum). 
The minimum distance between the measurement antenna and the smallest sphere enclosing the EUT must be at least 2λ. More details about the necessary conditions for accurate power density measurements close to EUT are included in Annex G.
In practice, discrete samples of EIRP or power density are measured at different directions  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 them is defined as the TRP summation error (SE) which is
	SE = | TRPEstimate – TRPreference |   (in dB)
The SE is the error caused by the numerical integration of measured values on the grid to obtain TRPEstimate, given that the number of test points correspond to the reference angular steps, which are in turn dependent on antenna size and frequency, as described in subclause 10.8.2. A reasonable tradeoff between accuracy and sampling time is achieved when the SE = 0,75 dB.
When measuring radiated power, at each measurement point, two partial results for two orthogonal polarizations needs to be added. These can be the θ and φ polarizations or any pair of orthogonal polarizations.
The distribution of sampling points on the spherical surface depends the type of sampling grids applied. In following subclauses, we describe several spherical sampling grids which can be applied to EIRP or power density measurements. 
10.8.2	TRP measurement grids
[bookmark: _Toc13066599]10.8.2.1	Spherical equal angle grid
With the spherical equal angle grid, the grid spacing is uniform in the  and  directions. The range of  angles from 0 to π is divided into  equally spaced subintervals and the range of  angles from 0 to 2π is divided into  equally spaced subintervals. The width of each subinterval in the - and -angle is given as:
	 and 
The total number of angular sampling points is equal to .
Let  and  be the indices used to denote the th  and th  angles, respectively. In practice, discrete samples of EIRP are measured at each sample point () by measuring its two orthogonally polarized components,  and . The EIRP sample are then used to approximate the definite integral for TRPReference as the discrete average sum of EIRP measured at different  and  angles.   
	.
The above equation can be simplified considering  =  = 0. Thus the total number of angular sampling points is equal to (N – 1)M.
Note TRPEstimate = TRPReference as  and  approach . 
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 summation error. Subclause 10.8.2.2 outlines the criteria for determining the minimum number of sampling points to characterize. Other means for set the number of sampling points are not precluded.
Figure 10.8.2.1-1: Void
One observation is that the equal angle grid points are not uniformly distributed on the sphere surface, and many are clustered towards the poles, as shown in Figure 10.8.2.1-2. 
[image: ]
Figure 10.8.2.1-2: Spherical equal angle sampling grid
Figure 10.8.2.1-3: Void
[bookmark: _Toc13066600]10.8.2.2	Reference angular step criteria
For each frequency, the reference angular steps  and  in degrees, are calculated as [29]:

	

	,
where D and Dcyl are defined in subclause 10.8.2.1. This implies a maximum angular step of 15 degrees. The upper limit for these reference angular steps of  ensures a low Summation Error (SE) when is large compared to the DUT dimensions.
The reference steps can be derived as follows. Consider two short vertical current elements separated a distance L along the z-axis. The EIRP pattern of this source is
	
Here, the element factor is  and  is the array factor contribution. To calculate the TRP value correctly, an angular sampling of  is required, see Figure 10.8.2.2-1. But a single  is enough since the pattern is -independent (omni-directional).
Any current flowing on a line between the points  will correspond to source separations less than or equal to L. Hence its EIRP pattern will correspond to the same angular resolution, i.e., the average value will be correctly predicted using the same angular step.
[image: ]
Figure 10.8.2.2-1: The average EIRP when using different angular steps  and the EIRP pattern of two short vertical current elements separated a distance L=4, 8, 12, 16, and 32 wavelengths, respectively. The dashed lines depict the reference angular step  radians for the used source separations.
To proceed to more general sources two observations are useful: 
1)	A rotation of a source will not change the required  resolution, but the  resolution must be set equal to the  resolution.
2)	If the source distribution is stretched along the z-direction, the -resolution will not change.
Based on these two observations and the angular resolution of the line source of length L, the following can be deduced.
1)	If the line source is tilted 90 degrees down to the xy-plane, and then arbitrarily rotated around the z-axis, a flat disc of diameter L is generated. Based on observation 1, the angular resolution is .
2)	If the disc is stretched a distance h along the z-axis (current elements are translated parallel to the z-axis), then the  is unchanged, whereas the vertical angular resolution increases to  to encompass the largest possible source separation within the cylinder.
The final shape of the source enclosure is hence a cylinder of diameter L and height h, and the angular steps required to get an accurate EIRP average (TRP value) are 
	 , .
Here,  is the diameter of the source enclosure, i.e., the diameter of the smallest sphere enclosing all sources, and  is the diameter of the smallest z-directed circular cylinder that encloses all sources.
Other methods for determining the reference angular steps are not precluded. 
Note: When sampling with the reference angular step, fine details of the radiation pattern are maybe not captured but the estimated TRP value is still accurate.
Spherical diameter is defined as the diameter of the smallest sphere enclosing the radiation source.
Cylindrical diameter is defined as the diameter of the smallest cylinder that encloses the radiation source along z-axis.
The spherical and cylindrical diameters are calculated as:
	
	 
The radiation source can be the antenna array or even the whole EUT, depending on the emissions we consider. This is further explained in subclause 10.8.3.
Some basic definitions and relations are given here for readability.
[image: ]
Figure 10.8.2.2-2: The dimensions of a radiation source are depth (d), width (w) and height (h)
Optionally, for the specific case of a Uniform Linear Array (ULA) system, the array spatial pattern could be defined as in the following equation. 
	[image: ]
Where spatial frequency [image: ] is defined as following: 
	[image: ] 
Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the aliasing can be derived as:
	[image: ]

	
where d is the separation distance between antenna elements and m is the number of antenna elements. If EUT is mounted along the yz plane as shown in Figure 10.8.2.2-3, based on the above considerations on the Rayleigh resolution for spatial domain signal, then subinterval in the φ and θ in degrees angle is calculated as:
	
	
Where Dy is length of radiating part of the EUT along y-axis, Dz is length of radiated part of the EUT along the z-axis and  is wavelength for the measured frequency. Arcsine is in radians.
[image: Figure 3]
Figure 10.8.2.2-3: Spherical coordinate for OTA conformance testing of EUT
In the NR coexistence study, it was assumed that antenna configuration for wide area NR BS is 8x16 supporting two orthorgonal polarizations. If EUT mounted along y/z plane with antenna configuration 16x8 where 16 columns 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 10.8.2.2-4.
[image: Figure_5.tif]
Figure 10.8.2.2-4: Uniform sampling in the spherical coordinate, red crosses denotes the sampling points. 
For a wanted signal, the reference angular steps are approximately equal to the beamwidth (in degrees) of the main beam.   

	

	


where BeWφ and BeWθ are the beamwidth of the wanted signal in the φ-axis and θ-axis, respectively; and  and are the first null beamwidth of the wanted signal in the φ-axis and θ-axis, respectively.
Using beamwidth of the wanted signal, the reference angular steps for each frequency within the downlink operating band including ΔfOBUE can be expressed as follows:

	

	
where λo is the wavelength of the wanted signal, and BeWφ and BeWθ are the beamwidth in the φ-axis and θ-axis, respectively.
For the OTA BS radiated transmit power requirement, beamwidths at five different directions is declared by manufacturers. For more details, see subclause 7.2 in 3GPP TR 37.842. The declared beamwidth may be used to set BeWφ and BeWθ in the above equations provided the same beam is applied to test in-band TRP requirements. If the beamwidth of a test beam is not declared, then the beamwidth can be obtained through measurements following the same procedure as the BS radiated transmit power requirement prior to TRP measurements. 
In addition, the beamwidth of the wanted signal can be used to determine the physical dimensions of a radiation source as follows:

	

	
and for the ULA case: 

	

	
[bookmark: _Toc13066601]10.8.2.3	Spherical equal area grids
With the spherical equal area sampling grid, the spherical surface is partitioned into  equal area regions. Let n be the index for the nth region and there is one point () located in the centre of each region. The definite integral for TRPReference can be approximated as: 
	
The total number angular sampling points is . Unlike the spherical equal angle grid, the TRPEstimate equation is not weighted by . As shown in Figure 10.8.2.3-1, the equal area grid points are distributed uniformly on the sphere but the pattern of  and  angles is irregular. 
One possible way to estimate  is as follows:

	 
[bookmark: _Hlk522642368]where  and  are defined in 10.8.2.1. Other methods are possible and not precluded. 
[image: ]
Figure 10.8.2.3-1: Spherical equal area sampling grid
[bookmark: _Toc13066602]10.8.2.4	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  points in the Fibonacci sampling grid, then the definite integral for TRPReference can be approximated as:
	
	where i = 0 .. 
	 and
	,
	where	
The total number of angular sampling points is I, which can be estimated in a similar manner as in subclause 10.8.2.3.Like the spherical equal area grid, the TRPEstimate equation is not weighted by .
[image: ]
Figure 10.8.2.4-1: Spherical Fibonacci sampling grid
[bookmark: _Toc13066603]10.8.2.5	Orthogonal cuts grids
Compared to the TX spurious emissions the OBUE emissions and ACLR are likely to experience the similar beamforming pattern as for the wanted signal. 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 [31].
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. Note that theta reference steps apply to the vertical cuts and phi reference steps to the horizontal cuts.
The first mandatory cut is a horizontal cut passing through the peak direction of the main beam.
The second mandatory is a vertical cut passing through 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:
	
where P is the number of sampling points. The final contribution for all cuts is calculated as:
	
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.
[image: ][image: ]
Figure 10.8.2.5-1: 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 pattern 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 (and the main beam) is in the -plane
ii.	The frequency of the emission is within the downlink operating band. 
iii.	The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iv.	The emission appears/disappears when the Tx power is turned on/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 
The antenna array is here assumed to be placed in the yz-plane. The pattern multiplication is performed in uv-coordinates and the data in the two cuts are denoted  at and a vertical cut with data  at . The data is split in two parts corresponding to the forward and backward hemisphere. The uv-coordinates are the projections of the angular directions onto the antenna plane, here the yz-plane. Using the spherical coordinates as depicted in Figure 10.8.2.2-1 the u and v coordinates are defined as:
	
Note that only the data on the coordinate axes are measured, and hence only the data for  (the horizontal cut) and  for  (the vertical cut) are known. Moreover, only the points in the circular disc  , a.k.a. the visible region, contribute to the TRP. 
The pattern multiplication is used to calculate power density values outside the two cardinal cuts as:
	
In Figure 10.8.2.5-2, the case where  is illustrated.
[image: ]
Figure 10.8.2.5-2: Example of pattern multiplication
The pattern multiplication is applied separately for the forward (fwd) and backward (bwd) hemisphere. The TRP is then calculated as
	
Note: the numerical singularity at  must be treated with care, e.g. by changing the coordinate system to polar as in [31].
[bookmark: _Toc13066604]10.8.2.6	Wave vector space sampling grid
Similar as Rayleigh sampling approach, EUT is placed on the yz plane in the spherical coordinate and normal vector of EUT is pointing along the x-axis as shown in Figure 10.8.2.2-1. The angle φ and θ represent azimuth and elevation respectively, u and v 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: 
	
In the existing TR 37.843, TRP is defined in the spherical coordinate as following: 
	[image: ]
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:
	
Based on the above two equations, then we could get 
	
where relationship between (θ,φ) and (u,v )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:
	
The above considerations could be applied for both polarization. 
Uniform sampling in the wave vector coordinate as shown in Figure 10.8.2.6-1:
-	Rayleigh resolution in y-axis:    
-	Rayleigh resolution in z-axis:     
Where Dy is length of radiating parts of EUT along y-axis, Dz is length of radiating parts of EUT along the z-axis. 
Based on the uniform sampling grid on the yz plane, we could get the sampling point (, ). In addition, according to the transformation between (, ) and (φ,θ ), then azimuth and elevation (φm,n, θn) in the spherical coordinate could be derived correspondingly as shown in Figure 10.8.2.6-2. Based on the (φm,n, θn) in the spherical coordinate, EIRP on the spherical coordinate could be measured. 
[image: 波矢空间]
Figure 10.8.2.6-1: Sampling grid in the wave vector space
[image: 角度空间]
Figure 10.8.2.6-2: Sampling grid in the spherical coordinate
[bookmark: _Toc13066605]10.8.3	TRP measurement procedures
Different procedures can be used to evaluate the TRP estimate. These procedures can provide either an accurate assessment or a controlled overestimate of the TRP. The choice of methods is based also on the available test setup, measurement equipment, and the measurement time. This section describes the methods which are suitable for each type of requirements. Other relevant methods are not precluded. For each method, the test purpose (accurate or overestimate) is pointed out. A summary of the requirement types and measurement procedures is shown in Table 10.8.3-1.
In the following clauses the measurement procedures for different parameters are described under the assumption of equal angle sampling. Similar procedures can be also used with other types of spherical grids, given that the proper reference steps  and  are determined.
Table 10.8.3-1 - Applicability of TRP measurement methods to the type of emissions to be measured.
	
	Base station output power 5.2.2
	Unwanted emissions: Adjacent channel leakage ratio 5.6.3.3(ACLR)
(Note 1)
	Unwanted emissions: Spectrum emission mask 5.6.4.3 and Operating band unwanted emission OTA 5.6.5.3 (SEM & OBUE)
	Transmitter spurious emissions OTA 5.6.6.1.3
(Note 2)

	Full sphere using reference steps (accurate)
	X
	X
	X
	X

	Full sphere using sparse sampling (overestimate) [y]
	
	
	
	X (Note 3)

	Two cuts + Pattern multiplication (accurate) (Note 4)
	X
	X
	X
	

	Two/three cuts (overestimate)
	
	X
	X
	X (Note 3)

	Beam-based directions
	X
	X (Note 5)
	X (Note 5)
	

	Peak method
	
	
	X
	X

	Equal sector with peak average
	
	
	X
	X

	Pre-scan
	
	X
	X
	X

	Note 1: 	Two TRP measurements are needed.
Note 2: 	Pre-scan is needed to identify the frequencies of interest. Pre-scan can also be applied to ACLR, OBUE and SEM.
Note 3: 	At harmonic frequencies the use of this method is FFS due to risk of high beamforming gain
Note 4: 	Pattern multiplication is conditional
Note 5:	Applicable if the directivity of corresponding requirement at the reference direction is equivalent to the directivity at the reference direction when EUT emits Prated,c,TRP and Prated,c,EIRP.
Note 6:	If box is blank the method is not excluded but the methodology has not been described in subclause 10.8, 3; if a suitable analysis is shown the method may be applied.



[bookmark: _Toc13066606]10.8.3.1	Procedures for base station output power
[bookmark: _Toc13066607]10.8.3.1.1	General
Test purpose: Accurate TRP assessment.
The radiation source is assumed to be limited to the antennas on the EUT and it’s not necessary to take the dimensions of the whole EUT into account for calculations of the far-field distance and the reference angular resolution. The test choices are as follows.
[bookmark: _Toc13066608]10.8.3.1.2	Two cuts with pattern multiplication
Use this method when the antenna symmetries are compatible with pattern multiplication, see subclause 10.8.2.5. Following steps are performed during the measurement.
1.	Calculate the reference angular steps as described in subclause 10.8.2.1.
2.	Align the EUT to allow for proper pattern multiplication. See Sec. 10.8.5. Measure EIRP on two orthogonal cuts with steps smaller or equal to the reference steps according to step 1. 
3.	Apply pattern multiplication according to subclause 10.8.5 to extrapolate the two cuts data to full-sphere.
4.	Apply numerical integration to obtain the TRP estimate as described in subclause 10.8.5.
[bookmark: _Toc13066609]10.8.3.1.3	Full sphere 
Following steps are performed during the measurement:
1.	Calculate the reference angular steps as described in subclause 10.8.2.1. Other methods for determining the required angular steps are not precluded. 
2.	Choose the angular steps smaller than or equal to the reference angular steps.
3.	Measure EIRP values on a spherical grid according to subclause 10.8.2.1. Having the poles of the measurement grid along the direction of the main beam shall be avoided.
Note:	Spherical grids of subclause 10.8.2.2, 10.8.2.3, 10.8.2.4 and 10.8.2.6 can also be used with proper angular steps.
4.	Apply suitable numerical integration to calculate the TRP estimate.
[bookmark: _Toc13066610][bookmark: _Hlk522205443]10.8.3.1.4	Beam-based directions 
This method is only applicable if directivity of EUT antenna is known for the operating frequency. For the Rel-13 AAS BS EIRP accuracy requirement, the peak EIRP of a beam is measured at the beam peak direction within the beam direction pair. Following the same approach, the peak EIRP of a beam can be obtained, which is used to derive TRP estimate using directivity of EUT antenna as follows:
	
, where  is the directivity of EUT.
For the case of OTA BS output power, the directivity (DEUT,BSoutputpower ) shall be defined as:
	
[bookmark: _Toc13066611]10.8.3.2	Procedures for SEM and OBUE
[bookmark: _Toc13066612]10.8.3.2.1	General
Test purpose: Accurate or controlled overestimate of TRP.
The radiation source is limited to the antennas on the EUT and it’s not necessary to take the dimension of the whole EUT into account for calculations of the far-field distance and the reference angular steps. The test choices are as follows.
[bookmark: _Toc13066613]10.8.3.2.2	Two cuts with pattern multiplication
Use the same procedure as in subclause 10.8.3.1.2. 
[bookmark: _Toc13066614]10.8.3.2.3	Two or Three cuts
Use this method when the cuts described in subclause 10.8.2.5 can be identified, but the pattern multiplication is not applicable according to the requirements in subclause 10.8.2.5. This method will provide an overestimated value for TRP. Following steps are performed during the measurement. 
1.	Calculate the reference angular steps.
2.	Measure EIRP on two orthogonal cuts with angular steps smaller than or equal to the reference steps according to step 3. Align the EUT such that the cardinal cuts are measured. See Figure 10.8.2.5-1.
3.	Calculate the average EIRP in each cut and then the TRP estimate according to subclause 10.8.2.5.
4.	If the TRP estimate is above the requirement limit, perform the measurement on a third cut (See Figure 10.8.2.5-1) and repeat step 3.
[bookmark: _Toc13066615]10.8.3.2.4	Full sphere 
Use the same procedure as in subclause 10.8.3.1.3.
[bookmark: _Toc13066616]10.8.3.2.5	Beam-based directions
This method only applicable if directivity of EUT antenna is available for the downlink operating band plus ΔfOBUE on either side of the band edge. Refer to subclause 10.8.3.1.4 for more details. 
The pre-scan, peak and equal sector with peak average methods are possible options. For more details, refer to subclause 10.8.3.4.1, 10.8.3.4.2 and 10.8.3.4.3.
[bookmark: _Toc13066617]10.8.3.3	Procedures for ACLR
[bookmark: _Toc13066618]10.8.3.3.1	General
Test purpose: Accurate or controlled underestimate of ACLR.
The methods described in this section are used for assessment of the TRP values for ACLR. Depending on the method, the result can be accurate or a controlled underestimate of the ACLR. The latter applies if the TRP of the radiation in the adjacent band is overestimated. The radiation source is limited to the antennas on the EUT and it’s not necessary to take the dimension of the whole EUT into account for calculations of the far-field distance and the reference angular steps. 
[bookmark: _Toc13066619]10.8.3.3.2	TRP fraction method
Following steps are performed during the measurement.
1.	For the TRP of the desired signal TRPd use a suitable method from subclause 10.8.3.1.
2.	For the TRP of the emission TRPe use a method from subclause 10.8.3.2.
3.	Evaluate the ratio  .
[bookmark: _Toc13066620]10.8.3.4	Procedures for transmitter spurious emissions and EMC emissions
[bookmark: _Toc13066621]10.8.3.4.0	General
Test purpose: Accurate or controlled overestimate of TRP.
The methods described in this section are used for assessment of the TRP for spurious emissions. The methods are given in a sequence with increasing accuracy, but also increasing measurement time. There is no mandatory order, in which to use these methods nor all of the methods should be used for evaluating TRP. Some of these methods can be skipped if they are deemed not necessary, for instance, the pre-scan and peak methods. 
The radiation source is not limited to the antennas on the EUT instead the entire physical dimensions of the EUT must be taken into account for calculations of the reference angular steps, see subclause 10.8.2.1. Note that full-sphere sampling using reference angular steps is the only method that aims to provide an accurate TRP.
When available, using a beam sweeping test signal with these methods can reduce the test time and improve the uncertainty. 
[bookmark: _Toc13066622]10.8.3.4.1	Pre-scan
Pre-scan is a fast measurement method, which is performed over the entire spurious frequency range to identify spurious frequencies with emission power levels above a threshold. Note, it is not necessary to do pre-scan before executing the test methods in this section, but it is recommended. It is also not meant to provide an estimate of TRP. Hence, other relevant test methods should be used for TRP estimation.  
1.	The distance can be shorter than the intended measurement distance between EUT and the test antenna for evaluating TRP but should remain fixed throughout the scanning process.
2.	Scan the surface around the EUT. 
3.	Rotate the measurement antenna to cover all polarizations of emissions to detect the maximum emission.
4.	Record the list of spurious emission frequencies and corresponding power levels, spatial positions of EUT and test antenna polarization where the maximum power levels occurred. 
5.	For spurious frequencies with emission power levels more than 20 dB below the specified limit in then these spurious frequencies are considered compliant and no further measurements are required.
6.	For all the other spurious frequencies that do not meet the criterion in Step 5, further measurements are required. 
[bookmark: _Toc13066623]10.8.3.4.2	Peak method
This method is applicable when the pre-scan method indicates the presence of emission peaks. The peak method can be skipped if there exist no emission peaks. Further, the method does not provide a TRP estimate instead the highest absolute EIRP is measured at each spurious frequency identified in the pre-scan. If the absolute EIRP meets the specified TRP limit, then it implies that the TRP estimate would meet the limit too. As a result, it is not needed to perform further measurement using the other methods.   Following steps are 
1.	Find the direction of the peak emission EIRP or peak power density 
2.	Start with the spurious frequency that has the maximum power level recorded during pre-scan. 
3.	The EUT and test antenna are oriented to the same position where the maximum power level is recorded during the pre-scan
Note: This set-up might not be applicable if pre-scan is performed in near-field.
4.	EUT and test antenna are moved around the position to identify and measure the peak EIRP. 
5.	If the peak EIRP for a spurious frequency is less than the specified limit then no further measurements are required else use the methods below to evaluate TRP estimates.
6.	Repeat Steps 4 to 6 for the next strongest emission.
[bookmark: _Toc13066624]10.8.3.4.3	Equal Sector with peak average method
The Equal sector with peak average method can be considered as an extension to the peak method. It is performed on the list of spurious frequencies which have not met the limit using the peak method. The method takes into account several peak EIRPs of beams belonging to different sectors of the sphere. TRP estimate is calculated as the average of the peak EIRP in different sectors.
1.	The measurement distance is in the far field. 
2.	The sphere is divided into  equal sectors. The total number of sectors depend on the dimensions of EUT. If the largest dimension is less than 60 cm, then each sector is a half quadrant of 45 degrees. Other techniques for determining the sector size are not precluded such as using the angular step. 
3.	For those spurious frequencies which need further measurements by the peak method, start with the spurious frequency that has the highest recorded power level.  
4.	Perform Steps 4 and 5 as in the peak method. 
5.	Move to the next sector with next higher emissions recorded and repeat Step 4 until all sectors are covered.
6.	Calculate TRP estimate as , where  is in linear units.
7.	Repeat steps 4 and 5 for at least 7 spurious frequencies with the next higher emission in descending order. 
8.	If TRP estimate for each of the 8 spurious frequencies is less than the specified limit then no further measurements are required else use the other methods to evaluate TRP estimates.  
[bookmark: _Toc13066625]10.8.3.4.4	Two or three cuts with dense sampling
Following sequence can be used
1.	Follow steps described in subclause 10.8.3.2.3 and calculate the TRP estimate. Note that no alignment is needed for spurious emissions.
2.	Add the appropriate correction factor ΔTRP according to Table 10.8.3.4.4-1 to ensure overestimation with 95% confidence.
3.	Compare the (TRP estimate + ΔTRP) to the limit.
4.	If the (TRP estimate + ΔTRP) is above the limit, perform the measurement on an additional third cut (See Figure 10.8.2.5-1) and repeat steps 1 to 3.
Table 10.8.3.4.4-1: The correction factor for two or three cuts dense sampling.
	
	Three cuts 
	Two cuts

	Correction factor ΔTRP (dB)
	2.0
	2.5



[bookmark: _Toc13066626]10.8.3.4.5	Full sphere with sparse sampling
Sparse angular sampling with a correction factor can be used to save measurement time. The only difference is in the used angular steps. Following sequence can be used:
1.	Set the angular grid:
a.	Non-harmonic frequencies: choose the angular steps  and  smaller than or equal to 15 degrees. Calculate the sparsity factor (SF) as: 

and the correction factor as: 

b.	where  corresponds to 15 degrees angular step. If the sparsity factor is smaller than 1, the correction factor ΔTRP is 0 dB. Harmonic frequencies with fixed beam test signal: choose the angular steps smaller than or equal to the reference angular steps  and . Correction factor ΔTRP is 0 dB.
c.	Harmonic frequencies with beam sweeping test signal: set the angular steps to [15] degrees. Correction factor is ΔTRP 0 dB.
2.	Measure EIRP (or power density multiplied by grid surface )  on a spherical grid according to subclause 10.8.2. Having the poles of the measurement grid along the direction of the main beam shall be avoided.
	Note:	Other spherical grids can also be used with proper angular sampling.
3.	Apply a suitable numerical integration to calculate the TRP estimate.
4.	Add the appropriate correction factor ΔTRP according to step 1 to ensure an overestimation with 95% confidence.
5.	Compare the (TRP estimate + ΔTRP) with the limit. If the (TRP estimate + ΔTRP) is above the limit, choose a smaller angular step and repeat steps 2-4. If the sparsity factor is less than one, no significant improvement of accuracy is expected.
[bookmark: _Toc13066627]10.8.3.4.6	Full sphere 
Use the same procedure as in subclause 10.8.3.1.3.
[bookmark: _Toc13066628]10.11	Measurement uncertainty for demodulation performance requirements
[bookmark: _Toc13066629]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.
[bookmark: _Toc13066630]10.11.2	In-door anechoic chamber
[bookmark: _Toc13066631]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.
[bookmark: _Toc13066632]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.
[bookmark: _Toc13066633]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 (path loss is taken account of by the calibration procedure). An example AWGN power levels for the E-UTRA PUSCH requirements 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



[bookmark: _Toc13066634]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 path loss.
[bookmark: _Toc13066635]10.11.3	CATR
[bookmark: _Toc13066636]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.
[bookmark: _Toc13066637]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.
[bookmark: _Toc13066638]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).
[bookmark: _Toc13066639]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.
[bookmark: _Toc13066651]

Annex E:
Radiated transmit measurement error contribution descriptions
[bookmark: _Toc13066652]E.1	Indoor Anechoic Chamber
E1-1 Positioning misalignment between the AAS BS and the reference antenna
This contribution originates from the misalignment of the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the reference antenna. The uncertainty makes the space propagation loss between the AAS BS and the receiving antenna at the AAS BS measurement stage (i.e. Stage 2) different from the space propagation loss between the reference antenna and the receiving antenna at the calibration stage (i.e. Stage 1).
E1-2 Pointing misalignment between the AAS BS and the receiving antenna
This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
E1-3 Quality of quiet zone
This contribution originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. By repeating a free space VSWR measurement in 15° grid in elevation and azimuth, 264 standard deviation values in both polarizations are determined. From these values an average standard deviation of electric field in the quiet zone can be calculated from the equation:

	
Where:

	 is the number of angular intervals in elevation,

	 is the number of angular intervals in azimuth, and


	 is elevation of single measurement .


If an efficiency calibration with omni-directional calibration antenna is performed, the effect of reflectivity level decreases in Stage 1 (i.e. calibration measurement) and  may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration. Efficiency calibration done with sampling step ≤ 30°, can be considered to have at least four independent samples.  may be divided by factor 2 also in Stage 2 (i.e. AAS BS measurement) for the same reason.
It's likely that asymmetry of the field probe will have a very small impact on this measurement uncertainty contributor, however, an upper bound to probe symmetry should be considered.
E1-4 Polarization mismatch between the AAS BS/reference antenna and the receiving antenna
This contribution originates from the misaligned polarization between the AAS BS/reference antenna and the receiving antenna. 
E1-5 Mutual coupling between the AAS BS/reference antenna and the receiving antenna
This contribution originates from mutual coupling between the AAS BS/reference antenna and the receiving antenna. Mutual coupling degrades not just the antenna efficiency, i. e. the EIRP value, but it can alter the antenna's radiation pattern as well. For indoor anechoic chamber, usually the spacing between the AAS BS/reference antenna and the receiving antennas is large enough so that the level of mutual coupling might be negligible. 
E1-6 Phase curvature
This contribution originates from the finite far field measurement distance, which causes phase curvature across the antenna of AAS BS/reference antenna.
E1-7 Uncertainty of the measurement equipment
This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a BS simulator , spectrum analyzer, or power meter measures the received signal level in EIRP tests either as an absolute level or as a relative level. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E1-8 Impedance mismatch in the receiving chain
This contribution originates from multiple reflections between the receiving antenna and the power measurement equipment. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
E1-9 Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference AAS BS without changing anything in the measurement set-up.
E1-10 Impedance mismatch between the receiving antenna and the network analyzer
This contribution originates from multiple reflections between the receiving antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the receiving antenna feed cable and the receiving antenna.
E1-11 Positioning and pointing misalignment between the reference antenna and the receiving antenna
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain directions of the reference antenna and the receiving antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
E1-12 Impedance mismatch between the reference antenna and the network analyzer
This contribution originates from multiple reflections between the reference antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the reference antenna feed cable and the reference antenna.
E1-13 Uncertainty of the network analyzer
This contribution originates from all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E1-14 Influence of the reference antenna feed cable
In the calibration Stage 1, the influence of the calibration antenna feed cable is assessed by measurements. A measurement for calibration may be repeated with a reasonably differing routing of the feed cable. Largest difference among the results is entered to the uncertainty budget with a rectangular distribution.
E1-15 Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced.
E1-16 Influence of the receiving antenna feed cable
If the probe antenna is directional (i.e. peak gain >+5 dBi, e.g. horn, LPDA, etc.) and the same probe antenna cable configuration is used for both stages, the uncertainty is considered systematic and constant  0.00 dB value.
In other cases a technical study should be done.
E1-17 Uncertainty of the absolute gain of the reference antenna
This contribution originates from the gain/efficiency uncertainty of calibration antenna that is employed in Stage 2 only. This uncertainty value will be indicated in the manufacturer's data in logs with a rectangular distribution, unless otherwise informed. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E1-18 Uncertainty of the absolute gain of the receiving antenna
The uncertainty appears in both stages and it is thus considered systematic and constant  0.00 dB value.
E2-19 Frequency flatness
This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
E1-20 Quality of quiet zone (extreme)
This contribution is related to the ambient quality of the quiet zone (C1-3, 3GPP TR 37.842 [4]) which originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. As the environmental enclosure is larger than the DUT and the material of the environmental chamber may cause some reflection and refraction the quite zone flatness will be effected. The quality of the quiet zone for the extreme test is therefore larger tan that for the ambient due to the environmental enclosures effect. 
E1-21 Wet radome loss variation
The environmental chamber radome will be an ineffective thermal isolator and will have extreme temperatures on the inside and the OTA chamber ambient temperature on the outside. In such conditions condensation is inevitable. This uncertainty is due to the variation in the radome loss due to condensation on the environmental chamber radome.
E1-22 Radome loss variation
The environmental chamber radome will affect the path between the DUT and the test antenna due to both its insertion loss and also reflection and refraction from the materials surface. The loss is dependent on the material as well as its proximity to the DUT. The uncertainty is the residual uncertainly of the total loss after calibration 
E1-23 Change in absorber behaviour
The environmental chamber will contain RF absorptive material to prevent reflections within the chamber. This RF absorptive material will be subjected to the extreme temperatures inside the environmental chamber and hence its properties will change. This uncertainty accounts for the effect of that change in behavior.
[bookmark: _Toc13066653]E.2	Compact Antenna Test Range
E2-1 Misalignment DUT/calibration antenna & pointing error
This contribution denotes uncertainty in DUT/calibration antenna alignment and DUT/calibration antenna pointing error.  In this measurement the DUT/calibration antenna is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. The calibration antenna's phase centre and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest (in the case of the DUT this would most likely be in the azimuth domain).
E2-2 Measurement Receiver: uncertainty of the absolute level
The receiving device used to measure the received signal level in the EIRP tests either as an absolute level or as a relative level. These receiving devices to name a few are spectrum analyzers, network analyzers or power meter. These devices will have an uncertainty contribution of their own; this value declared by the test gear vendor should be recorded as this uncertainty contribution. If a power meter is used then both measurement uncertainty and out of band noise is considered as part of the contribution. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E2-3 Standing wave between DUT and test range antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna. This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.
E2-4 RF leakage (SGH connector terminated & test range antenna connector cable terminated)
This contribution denotes noise leaking in to connector and cable(s) between test range antenna and receiving equipment.  The contribution also includes the noise leakage between the connector and cable(s) between SGH/reference antenna and transmitting equipment.
E2-5	 QZ ripple DUT/calibration antenna
This is the quiet zone (QZ) ripple experienced by the AAS BS/calibration antenna during the measurement or calibration phase. The purpose of this component is to capture the contributions that the reflections from the walls, roof and floor that will add to the EIRP measurement. The sum of all these reflections from the walls, range reflector (if applicable), roof and floor will give the overall value for the QZ ripple. In other words, the uncertainty component from the wall will not be separated from the roof or the floor. The purpose of this uncertainty component is to capture the overall reflections from the chamber walls experienced by the AAS BS/calibration antenna. To capture the full effect of the QZ ripple a distance of  1λ should be measured from each of the AAS BS/calibration antenna physical aperture edges, i.e. total QZ distance = physical aperture length +2 λ, to ensure the full volume of the QZ is captured in the uncertainty measurement.
E2-6 Uncertainty of network analyser
a)	drift (temp, oscillators, filters, etc.) start-to-end time of  measurements.
This uncertainty includes all the uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer, and will be calculated from the manufacturer's data in logs. This uncertainty also includes analyzer uncertainty for multi-polarization (2 or more ports) measured simultaneously. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E2-7 Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the receiving antenna and the test receiver equipment. This value can be captured through measurement by measuring the S11 towards the receive antenna and also towards the test receiver. The mismatch between the antenna reflection and the receiver reflection can also be calculated. If the same cable is used for calibration Stage 1, this can be considered systematic and negligible.
E2-8 Insertion loss of receiver chain
This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable.  If this cable does not change/move between the calibration Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. Alternatively, the insertion loss can also be calculated by taking the measurement of the cable where port 2 is the end of the cable connected to the AAS BS or calibration antenna.
	IL = -20log10|S21| dB
E2-9 Influence of the calibration antenna feed cable
a)	Flexing cables, adapters, attenuators, extra pathloss cable & connector repeatability.
During the calibration phase this cable is used to feed the calibration antenna and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.
E2-10 Uncertainty of the absolute gain of the calibration antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E2-11 Misalignment positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the calibration antenna is aligned to maximum this contribution can be considered negligible and therefore set to zero.
E2-12 Rotary Joints
If applicable the contribution of this uncertainty the accuracy in changing from azimuth to vertical measurements.
E2-14 Miscellaneous Uncertainty
The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP measurements. This term should include truly random effects as well as systematic uncertainties, such as that arising from dissimilarity between the patterns of the reference antenna (SGH) and the DUT.
E2-15 Switching Uncertainty
The purpose of the switching unit is to switch electromechanically different RF path to different measurement instruments of different measurement modes. The electromechanical switching clearly reduces the errors arising from manual switching work. Switching is also used to measure the path loss values of each polarization component.  Even though the electromechanical switching is preferable during path loss and antenna performance measurements, some minor uncertainties can occur when the switch states are programmed to change their polarity.
E2-16 Frequency flatness
This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
E2-17 Quality of quiet zone (extreme)
This contribution is related to the ambient quality of the quiet zone (C1-3, 3GPP TR 37.842 [4]) which originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. As the environmental enclosure is larger than the DUT and the material of the environmental chamber may cause some reflection and refraction the quite zone flatness will be effected. The quality of the quiet zone for the extreme test is therefore larger tan that for the ambient due to the environmental enclosures effect. 
E2-18 Wet radome loss variation
The environmental chamber radome will be an ineffective thermal isolator and will have extreme temperatures on the inside and the OTA chamber ambient temperature on the outside. In such conditions condensation is inevitable. This uncertainty is due to the variation in the radome loss due to condensation on the environmental chamber radome.
E2-19 Radome loss variation
The environmental chamber radome will affect the path between the DUT and the test antenna due to both its insertion loss and also reflection and refraction from the materials surface. The loss is dependent on the material as well as its proximity to the DUT. The uncertainty is the residual uncertainly of the total loss after calibration 
E2-20 Change in absorber behaviour
The environmental chamber will contain RF absorptive material to prevent reflections within the chamber. This RF absorptive material will be subjected to the extreme temperatures inside the environmental chamber and hence its properties will change. This uncertainty accounts for the effect of that change in behavior.
[bookmark: _Toc13066654]E.3	Near Field Test Range
E3-1	Axes Intersection
This is a mechanical uncertainty term and aim to find the uncertainty related with the lateral displacement between the horizontal and vertical axes of the AAS BS positioner. This can result in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
E3-2	Axes Orthogonality
The difference from 90° of the angle between the horizontal and vertical axes also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
E3-3	Horizontal Pointing
The horizontal mispointing of the horizontal axis to the probe reference point for Theta=0° also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
E3-4	Probe Vertical position
The vertical displacement of the probe reference point from the horizontal axis results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
E3-5	Probe Horizontal/Vertical pointing
The horizontal or vertical mispointing of the probe z-axis from the intersection point of the horizontal/vertical axis. This uncertainty is assumed to have a Gaussian distribution.
E3-6	Measurement distance
This is the knowledge of the distance between the intersection point of the horizontal and vertical axis and probe reference point. This uncertainty is assumed to have a Gaussian distribution.
E3-7	Amplitude and phase drift
The system drift due to temperature variations the signal at AAS BS location to drift in amplitude and phase. This uncertainty is assumed to have a Gaussian distribution.
E3-8	Amplitude and phase noise
This uncertainty is due to the noise level of the test range so that the S/N ratio should be determined or measured at the AAS BS location. The noise level is usually measured with a Spectrum Analyzer. This uncertainty is assumed to have a Gaussian distribution.
E3-9	Leakage and Crosstalk
This uncertainty can be addressed by measurements on the actual system setup. The leakage and crosstalk cannot be separated from the random amplitude and phase errors so that the relative importance should be determined. This uncertainty is assumed to have a Gaussian distribution.
E3-10	Amplitude non-Linearity
This uncertainty is the linearity of the receiver used for the measurement. It can be taken from the data sheet of the receiver.
E3-11	Amplitude and phase shift in rotary joint
This uncertainty is due to the variation of the rotary joint. It can be measured and is assumed to have a Gaussian distribution.
E3-12	Channel balance amplitude and phase
This uncertainty is relevant for systems which are using dual polarized probes and polarization switches. The amplitude and phase difference between two signal channels of the receiver includes the difference between the probe ports, difference between the channels of the polarization switch, connecting cables and reflection coefficients. This uncertainty is assumed to have a Gaussian distribution.
E3-13	Probe polarization amplitude and phase
The amplitude and phase of the probe polarization coefficients should be measured. This uncertainty is assumed to have a Gaussian distribution.
E3-14	Probe pattern knowledge
The probe(s) pattern(s) is assumed to be known so that the AAS BS measurement in near field can be corrected when performing the near field to far field transform. There is no direct dependence between the AAS BS pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a Gaussian distribution.
E3-15	Multiple reflections
The multiple reflections occur when a portion of the transmitted signal is reflected form the receiving antenna back to the transmitting antenna and re-reflected by the transmitting antenna back to the receiving antenna. This uncertainty can be determined by multiple measurements of the AAS BS when at different distance from the probes. This uncertainty is assumed to have a Gaussian distribution.
E3-16	Room scattering
As for the multiple reflections, a portion of the transmitted signal is reflected by either the absorbers or other structures in the measurement anechoic chamber before being received by the receiving antenna. This effect can be isolated from the multiple reflections by testing the AAS BS in different positions, separated by λ/4 with respect to the anechoic chamber and comparing these measurements with the reference. This uncertainty is assumed to have a Gaussian distribution.
E3-17	DUT support scattering
This is the uncertainty due to the AAS BS supporting structure on the signal level. This uncertainty is assumed to have a Gaussian distribution.
E3-18	Scan area truncation
This uncertainty does affect this near field measurement. It can be addressed by comparing the measurement result when scanning the full area. This uncertainty is assumed to have a Gaussian distribution.
E3-19	Sampling point offset
This uncertainty has an influence in near field and far field. It is assumed to have a Gaussian distribution.
E3-20	Mode truncation
The measured near field is expanded using a finite set of spherical modes. The number of modes is linked to number of samples. The filtering effect generated by the finite number of modes can improve measurement results by removing signals from outside the physical area of the AAS BS. Care should be taken in order to make sure the removed signals are not from the AAS BS itself. This uncertainty is usually negligible.
E3-21	Positioning
The relative position of the probe array is not ideal. This uncertainty is assumed to have a rectangular distribution.
E3-22	Probe array uniformity
This is the uncertainty due to the fact that different probes are used for each physical position. Different probes have different radiation patterns. Generally, the probe array is calibrated so that the uniformity of the probes is achieved. 
E3-23	Mismatch of receiver chain
If the same chain configuration (including the measurement receiver; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant  0.00 dB value.
If it is not the case, this uncertainty contribution has to be taken into account and should be measured or determined by the method described in [14]. This uncertainty is assumed to have a U-shaped distribution
E3-24	Insertion loss of receiver chain
It is composed of the following:
-	Insertion loss of the probe antenna cable.
-	Insertion loss of the probe antenna attenuator (if used).
-	Insertion loss of RF relays (if used).
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00 dB value. This uncertainty is assumed to have a Gaussian distribution.
E3-25	Uncertainty of the absolute gain of the probe antenna
This uncertainty appears in the both stages and it is thus considered systematic and constant 0.00 dB value.
E3-26	Measurement Receiver
This uncertainty is composed of three uncertainties being:
-	absolute power level;
-	stability;
-	stability over temperature;
-	linearity.
The expanded uncertainty is the Root Square Sum (RSS) of the standard uncertainties for each uncertainty contributors. Each uncertainty can be taken from the instrument data sheet and is assumed to have a uniform distribution. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E3-27	Measurement Repeatability - Positioning Repeatability
This uncertainty is due to the repositioning of the AAS BS in the test setup. It can be addressed by repeating the corresponding measurement 5 times. Calculate the standard deviation of the metric obtained and use that as the measurement uncertainty. For tests that require multiple setups, the worst-case standard deviation is used. This uncertainty is assumed to have a Gaussian distribution.
E3-28	Uncertainty of Vector Network Analyzer
This uncertainty includes the all uncertainties involved in the S21 measurement with a vector network analyzer, and will be calculated from the manufacturer's data sheet. This uncertainty is assumed to have a uniform distribution. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E3-29	Mismatch of receiver chain
If the same chain configuration (including the measurement receiver; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant  0.00 dB value.
If it is not the case, each uncertainty contribution has to be taken into account and should be measured or determined  and then taking the total of all non-zero mismatch uncertainty contribution from all parts by root-sum-squares (RSS) method. This uncertainty is assumed to have a Gaussian distribution.
E3-30	Insertion loss of receiver chain
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00 dB value. This uncertainty is assumed to have a Gaussian distribution.
E3-31	Mismatch in the connection of the calibration antenna
This is the uncertainty from the mismatch in the connection between the system coax cable and the calibration antenna. This uncertainty is from the mismatch between the cable and the reference antenna that is used for calibration. It is determined by the S11 of the reference antenna and the S11 of the cable to which the antenna is connected i.e. if using an SGH antenna for calibration and 10dB pad is inserted on the cable connecting to the antenna this uncertainty contribution can be considered negligible. This uncertainty is assumed to have a U-shaped distribution.
E3-32	Influence of the calibration antenna feed cable
This uncertainty is due to the impact of the feeding cable on the radiation properties of the calibration antenna. In case of using either a standard horn or standard gain horn, the impact of the cable is to be considered negligible thus the uncertainty  0.00 dB value. In case of using a dipole-like antenna, the uncertainty should be addressed by measuring this impact. This uncertainty is assumed to have a Gaussian distribution.
E3-33	Influence of the probe antenna cable
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00 dB value. This uncertainty is assumed to have a Gaussian distribution.
E3-34	Uncertainty of the absolute gain of the calibration antenna
The calibration antenna only appears in Stage 2. Therefore, the gain/efficiency uncertainty has to be taken into account. This uncertainty will be calculated from the manufacturer's calibration certificate and is assumed to have a uniform distribution, unless otherwise informed  This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E3-35 Short term repeatability
It can be addressed by performing a repeatability test of the calibration antenna. This uncertainty is assumed to have a Gaussian distribution.
E3-36 Frequency flatness
This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
[bookmark: _Toc13066655]E.4	General Chamber
This subclause describes the uncertainties for a general wide band chamber.
E4-1 Positioning misalignment between the AAS BS and the reference antenna
This contribution originates from the misalignment of the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the reference antenna. The uncertainty makes the space propagation loss between the AAS BS and the receiving antenna at the AAS BS measurement stage (i.e. Stage 2) different from the space propagation loss between the reference antenna and the receiving antenna at the calibration stage (i.e. Stage 1).
E4-2 Pointing misalignment between the AAS BS and the receiving antenna
This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
E4-3 Quality of quiet zone
This contribution originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. By repeating a free space VSWR measurement in 15° grid in elevation and azimuth, 264 standard deviation values in both polarizations are determined. From these values an average standard deviation of electric field in the quiet zone can be calculated from the equation:

	
Where:

	 is the number of angular intervals in elevation,

	 is the number of angular intervals in azimuth, and


	 is elevation of single measurement .


If an efficiency calibration with omni-directional calibration antenna is performed, the effect of reflectivity level decreases in Stage 1 (i.e. calibration measurement) and  may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration. Efficiency calibration done with sampling step ≤ 30°, can be considered to have at least four independent samples.  may be divided by factor 2 also in Stage 2 (i.e. AAS BS measurement) for the same reason.
It's likely that asymmetry of the field probe will have a very small impact on this measurement uncertainty contributor, however, an upper bound to probe symmetry should be considered.
E4-4 Polarization mismatch between the AAS BS/reference antenna and the receiving antenna
This contribution originates from the misaligned polarization between the AAS BS/reference antenna and the receiving antenna. 
E4-5 Mutual coupling between the AAS BS/reference antenna and the receiving antenna
This contribution originates from mutual coupling between the AAS BS/reference antenna and the receiving antenna. Mutual coupling degrades not just the antenna efficiency, i. e. the EIRP value, but it can alter the antenna's radiation pattern as well. For indoor anechoic chamber, usually the spacing between the AAS BS/reference antenna and the receiving antennas is large enough so that the level of mutual coupling might be negligible. 
E4-6 Phase curvature
This contribution originates from the finite far field measurement distance, which causes phase curvature across the antenna of AAS BS/reference antenna.
E4-7 Uncertainty of the measurement equipment
This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a BS simulator , spectrum analyzer , or power meter  measures the received signal level in EIRP tests either as an absolute level or as a relative level. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E4-8 Impedance mismatch in the receiving chain
This contribution originates from multiple reflections between the receiving antenna and the power measurement equipment. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
E4-9 Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference AAS BS without changing anything in the measurement set-up.
E4-10 Impedance mismatch between the receiving antenna and the network analyzer
This contribution originates from multiple reflections between the receiving antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the receiving antenna feed cable and the receiving antenna.
E4-11 Positioning and pointing misalignment between the reference antenna and the receiving antenna
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain directions of the reference antenna and the receiving antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
E4-12 Impedance mismatch between the reference antenna and the network analyzer
This contribution originates from multiple reflections between the reference antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the reference antenna feed cable and the reference antenna.
E4-13 Uncertainty of the network analyzer
This contribution originates from all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E4-14 Influence of the reference antenna feed cable
In the calibration Stage 1, the influence of the calibration antenna feed cable is assessed by measurements. A measurement for calibration may be repeated with a reasonably differing routing of the feed cable. Largest difference among the results is entered to the uncertainty budget with a rectangular distribution.
E4-15 Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced.
E4-16 Influence of the receiving antenna feed cable
If the probe antenna is directional (i.e. peak gain >+5 dBi, e.g. horn, LPDA, etc.) and the same probe antenna cable configuration is used for both stages, the uncertainty is considered systematic and constant  0.00 dB value.
In other cases a technical study should be done.
E4-17 Uncertainty of the absolute gain of the reference antenna
This contribution originates from the gain/efficiency uncertainty of calibration antenna that is employed in Stage 2 only. This uncertainty value will be indicated in the manufacturer's data in logs with a rectangular distribution, unless otherwise informed. This uncertainty value can be found in Annex F and was a result of compromised value in order to align all test methods having this uncertainty contribution.
E4-18 Uncertainty of the absolute gain of the receiving antenna
The uncertainty appears in both stages and it is thus considered systematic and constant  0.00 dB value.
E2-19 Frequency flatness
This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
E4-20 Measurement antenna frequency variation
For wide band measurement the measurement antenna gain will vary considerably over frequency. The gain can be calibrated howebr variation may still remain between calibration frequency steps. This uncertainty accounts for the variation between the calibrated steps. 
E4-21 FSPL estimation error
For wide band measurement the measurement free space path loss in the chamber  will vary with frequency. The loss can be calibrated however this uncertainty accounts for the variation between the calibrated steps. 
E4-21 - Measurement system dynamic range uncertainty
Uncertainty associated with the addition of each of the directional power measurements to calculate the TRP due to the limited dynamic range of the OTA test system causing an overestimation.
E4-22 - Conducted measurement uncertainty (minus mismatch)
Measurement uncertainty value taken from the conducted measurement uncertainty in 3GPP 36.141 [22]. Uncertainty includes all conducted uncertainties associated with the conducted part of the measurement (filters, limiters, switches etc.). The mismatch uncertainty is removed to prevent it being considered twice in the conducted part and the OTA chamber part of the analysis.
[bookmark: _Toc13066656]E.5	Reverberation Chamber
E5-1 Uncertainty of the measurement equipment
This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a network analyser, or signal generator and spectrum analyzer, or power meter measures the received signal level in EIRP tests either as an absolute level or as a relative level. The uncertainty value will be indicated in the manufacturer's data sheet in logarithmic scale.
E5-2 Impedance mismatch in the receiving chain
This contribution originates from multiple reflections between the receiving antenna and the power measurement equipment. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
E5-3 Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference EUT without changing anything in the measurement set-up.
E5-4 Reference antenna radiation efficiency
This contribution is a residue of uncertainty of reference antenna radiation efficiency after calibration.
E5-5 Mean value estimation of reference antenna mismatch efficiency
This contribution originates from the error of the estimated mean related to the use of a finite number of samples in the measurement of the reference antenna mismatch efficiency. The mean value estimation is calculated as  where  is the standard deviation of the series of measured values.
E5-6 Uncertainty of the network analyzer
This contribution originates from all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer. The uncertainty value will be indicated in the manufacturer's data sheet in logarithmic scale. 
E5-7 Influence of the reference antenna feed cable
Before performing the calibration, the reference antenna feed cable loss has to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced.
E5-8 Mean value estimation of transfer function 
This contribution originates from the error of the estimated mean related to the use of a finite number  of samples in the measurement of the transfer function. The mean value estimation is calculated as  where  is the standard deviation of the series of measured values.
E5-9 Uniformity of transfer function
Standard deviation over EUT positions and rotations of the transfer function . This uncertainty expresses the variations of measured TRP values with respect to translations and rotations of the EUT. Ideally, the TRP does neither depend on translations nor rotations of the EUT.
E.6	Plane Wave Synthesizer
E6-1 Misalignment DUT/calibration antenna & pointing error
This contribution denotes uncertainty in DUT/calibration antenna alignment and DUT/calibration antenna pointing error.  In this measurement the DUT/calibration antenna is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. The calibration antenna's phase centre and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest (in the case of the DUT this would most likely be in the azimuth domain).
E6-2 Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT/calibration antenna
This value covers the effect of standing wave between DUT or calibration antenna and the test range antenna, but also counts for the PWS imperfect field synthesis over distance. This value can be captured by moving the DUT or calibration antenna towards the test range antenna.
E6-3 RF leakage
This contribution denotes noise leaking in to connector and cable(s) between test range antenna and receiving equipment.  The contribution also includes the noise leakage between the connector and cable(s) between reference antenna and transmitting equipment.
E6-4 QZ ripple with DUT/calibration antenna
This is the quiet zone (QZ) ripple experienced by the DUT/reference antenna during the measurement phase. The purpose of this component is to capture the contributions that the reflections from the walls, roof and floor that will add to measurements. The sum of all these reflections from the walls, roof and floor will give the overall value for the QZ ripple. In other words, the uncertainty component from the wall will not be separated from the roof or the floor. The purpose of this uncertainty component is to capture the overall reflections from the chamber walls experienced by the DUT/reference antenna. 
E6-5 Miscellaneous Uncertainty
The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP measurements. This term should include truly random effects as well as systematic uncertainties, such as that arising from dissimilarity between the patterns of the reference antenna and the DUT.
E6-6 	Mismatch
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the receiving antenna and the test receiver equipment. This value can be captured through measurement by measuring the S11 towards the receive antenna and also towards the test receiver. The mismatch between the antenna reflection and the receiver reflection can also be calculated. If the same cable is used for calibration Stage 1, this can be considered systematic and negligible.
E6-7 	Insertion loss variation 
This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable.  If this cable does not change/move between the calibration Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. Alternatively, the insertion loss can also be calculated by taking the measurement of the cable where port 2 is the end of the cable connected to the AAS BS or calibration antenna.
	IL = -20log10|S21| dB
E6-8 	Influence of the calibration antenna feed cable
a)	Flexing cables, adapters, attenuators, extra pathloss cable & connector repeatability.
During the calibration phase this cable is used to feed the calibration antenna and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.
E6-9 Misalignment of positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the calibration antenna is aligned to maximum this contribution can be considered negligible and therefore set to zero.
E6-10 Rotary Joints
If applicable, this uncertainty term corresponds to the accuracy in changing from azimuth to vertical measurements.
E6-11 Switching Uncertainty
The purpose of the switching unit is to switch electromechanically different RF path to different measurement instruments of different measurement modes. The electromechanical switching clearly reduces the errors arising from manual switching work. Switching is also used to measure the path loss values of each polarization component.  Even though the electromechanical switching is preferable during path loss and antenna performance measurements, some minor uncertainties can occur when the switch states are programmed to change their polarity.
E6-12 Field repeatability
[Each execution of field calibration of the measurement antenna array to find the PWS settings provides a slightly different set of settings for the RF components for each antenna path. This results in variation of the synthesized plane wave in the QZ and variation of PWS antenna to reference antenna coupling. This variation is described by field repeatability term. ]
E6-13 Frequency flatness
This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
E6-14 System non-linearity
[This uncertainty term is calculated as RSS of the following items, assuming a rectangular distribution:
· System non-linearity in time. This is assessed by repeated measurements over a period of time (e.g. 60 minutes) for the same reference power transmitted by the reference antenna. The largest difference between the results is recorded as the uncertainty.
· System non-linearity in power. This is assessed by repeated measurements over a range of transmitted powers. The largest delta between the increments are the transmitting and receiving sides is recorded as the uncertainty.]
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OTA sensitivity measurement error contribution descriptions
[bookmark: _Toc478460658]C.1	Indoor Anechoic Chamber
C1-1 Positioning misalignment between the AAS BS and the reference antenna
This contribution originates from the misalignment of the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the reference antenna. The uncertainty makes the space propagation loss between the AAS BS and the transmitting antenna at the DUT measurement stage (i.e. Stage 2) different from the space propagation loss between the reference antenna and the transmitting antenna at the calibration stage (i.e. Stage 1).
C1-2 Pointing misalignment between the AAS BS and the transmitting antenna
This contribution originates from the misalignment of the testing direction and the beam peak direction of the transmitting antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
C1-3 Quality of quiet zone
This contribution originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. By repeating a free space VSWR measurement in 15-degree grid in elevation and azimuth, 264 standard deviation values in both polarizations are determined. From these values an average standard deviation of electric field in the quiet zone can be calculated from the equation:

	
where:

	 is the number of angular intervals in elevation,

	 is the number of angular intervals in azimuth, and


	 is elevation of single measurement .


If an efficiency calibration with omni-directional calibration antenna is performed, the effect of reflectivity level decreases in Stage 1 (i.e. calibration measurement) and  may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration. Efficiency calibration done with sampling step ≤ 30°, can be considered to have at least four independent samples.  may be divided by factor 2 also in stage 2 (i.e. DUT measurement) for the same reason.
It's likely that asymmetry of the field probe will have a very small impact on this measurement uncertainty contributor, however, an upper bound to probe symmetry should be considered.
C1-4 Polarization mismatch between the AAS BS/reference antenna and the transmitting antenna
This contribution originates from the misaligned polarization between the AAS BS/reference antenna and the transmitting antenna.
C1-5 Mutual coupling between the AAS BS/reference antenna and the transmitting antenna
This contribution originates from mutual coupling between the AAS BS/reference antenna and the transmitting antenna. Mutual coupling degrades not just the antenna efficiency, but it can alter the antenna's radiation pattern as well.  For indoor anechoic chamber, usually the spacing between the transmitting antenna and the AAS BS/reference antenna is large enough so that the level of mutual coupling might be negligible.
C1-6 Phase curvature
This contribution originates from the finite far-field measurement distance, which causes phase curvature across the antenna of the AAS BS/reference antenna.
C1-7 Uncertainty of the RF signal generator
The use of this signal generator introduces an uncertainty on the absolute output level. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-8 Impedance mismatch in the transmitting chain
This contribution originates from multiple reflections between the transmitting antenna and the signal generator. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
C1-9 Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference DUT without changing anything in the measurement set-up.
C1-10 Impedance mismatch between the transmitting antenna and the network analyzer
This contribution originates from multiple reflections between the transmitting antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the transmitting antenna feed cable and the transmitting antenna. 
C1-11 Positioning and pointing misalignment between the reference antenna and the transmitting antenna
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain direction of the reference antenna and the transmitting antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
C1-12 Impedance mismatch between the reference antenna and the network analyzer
This contribution originates from multiple reflections between the reference antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the transmitting antenna feed cable and the transmitting antenna.
C1-13 Uncertainty of the network analyzer
This uncertainty includes the all uncertainties involved in the S21 measurement with a network analyzer, and will be calculated from the manufacturer's data in logs. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-14 Influence of the reference antenna feed cable
In the calibration Stage 1, the influence of the calibration antenna feed cable is assessed by measurements. A measurement for calibration may be repeated with a reasonably differing routing of the feed cable. Largest difference among the results is entered to the uncertainty budget with a rectangular distribution.
C1-15 Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced. 
C1-16 Influence of the transmitting antenna feed cable
If the probe antenna is directional (i.e. peak gain >+5 dBi e.g. horn, LPDA, etc.) and the same probe antenna cable configuration is used for both stages, the uncertainty is considered systematic and constant  0.00 dB value.
C1-17 Uncertainty of the absolute gain of the reference antenna
This contribution originates from the gain/efficiency uncertainty of calibration antenna that is employed in Stage 2 only. This uncertainty value will be indicated in the manufacturer's data in logs with a rectangular distribution, unless otherwise informed. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-18 Uncertainty of the absolute gain of the transmitting antenna
The uncertainty appears in both stages and it is thus considered systematic and constant  0.00 dB value.
[bookmark: _Toc478460659]C.2	Compact Antenna Test Range
C2-1 Misalignment DUT/calibration antenna & pointing error
This contribution denotes uncertainty in DUT/calibration antenna alignment and DUT/calibration antenna pointing error.  In this measurement the DUT/calibration antenna is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty.  By adjusting for maximums to align, this contribution can be  a small contribution. The calibration antenna's phase center and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest (in the case of the DUT this would most likely be in the azimuth domain).  
C2-2 Standing wave between DUT and test range antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna.  This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.
C2-3 RF leakage & dynamic range
This contribute denotes noise leaking in to connectors and cables between test range antenna and receiving equipment.  
C2-4 QZ ripple DUT/calibration antenna
This is the quiet zone ripple experienced by the DUT/calibration antenna during the measurement phase. The purpose of this component is to capture the contributions that the reflections from the walls, roof and floor that will add to the EIS measurement. The sum of all these reflections from the walls, roof and floor will give the overall value for the QZ ripple. In other words, the uncertainty component from the wall will not be separated from the roof or the floor. The purpose of this uncertainty component is to capture the overall reflections from the chamber walls experienced by the DUT/calibration antenna.  To capture the full effect of the QZ ripple a distance of  1λ should be measured from each of the DUT/calibration antenna physical aperture edges, i.e. total QZ distance =  physical aperture length + 2 λ, to ensure the full volume of the QZ is captured in the uncertainty measurement.
C2-5	Uncertainty of network analyser and/or signal generator
a)	Drift (temp, oscillators, filters, etc.) start to end time of measurements.
This uncertainty includes the all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer, and will be calculated from the manufacturer's data in logs. This uncertainty also includes analyzer uncertainty for multi-polarization (2 or more ports) measured simultaneously. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C2-6 Mismatch of transmit chain (i.e. between transmitting measurement antenna and DUT)
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the transmitting antenna and the signal generation equipment. This value can be captured through measurement by measuring the S11 towards the transmit antenna and also towards the test signal generator equipment. The mismatch between the antenna reflection and the transmit reflection can also be calculated.
C2-7 Insertion loss of transmit chain
This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable. If this cable does not change/move between the calibration Stage 1 and the DUT measurement Stage 2, the uncertainty is assumed to be systematic. Alternatively, the insertion loss can also be calculated by taking the measurement of the cable where port 2 is the end of the cable connected to the measurement antenna.
	IL = -20log10|S21| dB
C2-8 RF leakage (SGH connector terminated & test range antenna connector terminated)
This contribution denotes noise leaking in to connector and cable(s) between test range antenna and receiving equipment.  The contribution also includes the noise leakage between the connector and cable(s) between SGH/reference antenna and transmitting equipment.
C2-9 Influence of the calibration antenna feed cable
a)	Flexing cables, adapters, attenuators & connector repeatability.
During the calibration phase this cable is used to feed the calibration antenna and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.
C2-10 Uncertainty of the absolute gain of the calibration antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C2-11 Uncertainty due to antenna mounting apparatus or rotary joints
If applicable the contribution of this uncertainty the accuracy in changing from azimuth to vertical measurements. 
C2-12 Signal Generator Uncertainty
This uncertainty consists of the uncertainty of the signal generator used to illuminate the DUT when DUT is in receiving mode. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C2-13 Miscellaneous uncertainty
The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP measurements. This term should include truly random effects as well as systematic uncertainties, such as that arising from dissimilarity between the patterns of the reference antenna (SGH) and the DUT.
C2-14 Rotary Joints
If applicable the contribution of this uncertainty is the accuracy in changing from azimuth to vertical measurements.
C2-15 Misalignment positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the calibration antenna is aligned to the maximum then this contribution can be considered negligible and therefore set to zero.
C2-16 Standing wave between DUT and test range antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna. This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.
C2-17 Switching Uncertainty
The purpose of the switching unit is to switch electromechanically different RF path to different measurement instruments of different measurement modes. The electromechanical switching clearly reduces the errors arising from manual switching work. Switching is also used to measure the path loss values of each polarization component. Even though the electromechanical switching is preferable during path loss and antenna performance measurements, some minor uncertainties can occur when the switch states are programmed to change their polarity.
[bookmark: _Toc478460660]C.3	One Dimensional Compact Range
C3-1 Misalignment DUT and pointing error
This contribution denotes uncertainty in DUT alignment and DUT pointing error. In this measurement the DUT is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. The reference antenna´s phase centre and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this. To ensure that the pointing error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest (in the case of the DUT this would most likely be in the azimuth domain).
C3-2 Standing wave between DUT/reference antenna and test range antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT/reference antenna and test range antenna.  This value can be captured by moving the DUT/reference antenna towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.
C3-3 Quiet zone ripple DUT/reference antenna
This is the quiet zone (QZ) ripple experienced by the DUT/reference antenna during the measurement phase. The purpose of this component is to capture the contributions that the reflections from the walls, roof and floor that will add to the EIS measurement. The sum of all these reflections from the walls, roof and floor will give the overall value for the QZ ripple. In other words, the uncertainty component from the wall will not be separated from the roof or the floor. The purpose of this uncertainty component is to capture the overall reflections from the chamber walls experienced by the DUT/reference antenna. To capture the full effect of the QZ ripple a distance of 1λ must be measured from each of the DUT/reference antenna physical aperture edges, i.e. total QZ distance =  physical aperture length + 2 λ, to ensure the full volume of the QZ is captured in the uncertainty measurement.
C3-4 Signal generator
This uncertainty consists of the uncertainty of the signal generator used to illuminate the DUT when DUT is in receiving mode.
C3-5 Phase curvature
This contribution originates from the finite far-field measurement distance, which causes phase curvature across the antenna of the DUT/reference antenna.
C3-6 Polarization mismatch between DUT/reference antenna and transmitting antenna
This contribution originates from the misaligned polarization between the DUT/reference antenna and the transmitting antenna.
C3-7 Mutual coupling between DUT/reference antenna and transmitting antenna
This contribution originates from mutual coupling between the DUT/reference antenna and the transmitting antenna. Mutual coupling degrades not just the antenna efficiency, but it can alter the antenna’s radiation pattern as well. For compact range chamber, usually the spacing between the transmitting antenna and the DUT/reference antenna is large enough so that the level of mutual coupling might be negligible.
C3-8 Measurement equipment
This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a BS simulator, spectrum analyser, or power meter measures the received signal level in EIS tests either as an absolute level or as a relative level. The uncertainty value will be indicated in the manufacturer’s data sheet in logs.
C3-9 Impedance mismatch in transmitting chain
This contribution originates from multiple reflections between the transmitting antenna and the signal generator. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
C3-10 RF leakage and dynamic range
This contribute denotes noise leaking into connectors and cables between test range antenna and receiving equipment.
C3-11 Misalignment positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the reference antenna is aligned to the maximum then this contribution can be considered negligible and therefore set to zero.
C3-12 Pointing error between reference antenna and test range antenna
This contribution originates from the misalignment of the testing direction and the beam peak direction of the transmitting antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
C3-13 Impedance mismatch in path to reference antenna
This contribution originates from multiple reflections between the reference antenna and the measurement equipment. After appropriate calibration, the measurement equipment may not introduce impedance mismatch error, but the error still happens between the reference antenna feed cable and the reference antenna.
C3-14 Impedance mismatch in path to compact probe
This contribution originates from multiple reflections between the transmitting antenna and the measurement equipment. After appropriate calibration, the measurement equipment may not introduce impedance mismatch error, but the error still happens between the transmitting antenna feed cable and the transmitting antenna.
C3-15 Influence of reference antenna feed cable (flexing cables, adapters, attenuators and connector repeatability)
During the calibration phase this cable is used to feed the reference antenna and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.
C3-16 Mismatch of transmitter chain (i.e. between transmitting measurement antenna and DUT)
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the transmitting antenna and the signal generation equipment. This value can be captured through measurement by measuring the S11 towards the transmit antenna and also towards the test signal generator equipment. The mismatch between the antenna reflection and the transmit reflection can also be calculated.
C3-17 Insertion loss of transmitter chain
This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable. If this cable does not change/move between the calibration and the DUT measurement stage, the uncertainty is assumed to be systematic. Alternatively, the insertion loss can be calculated by taking the measurement of the cable where port 2 is the end of the cable connected to the measurement antenna.
IL = -20log10|S21| dB
C3-18 Uncertainty of the absolute gain of reference antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration.
C3-19 RF leakage (SGH connector terminated and test range antenna connector terminated)
This contribution denotes noise leaking into connector and cable(s) between test range antenna and receiving equipment. The contribution also includes the noise leakage between the connector and cable(s) between SGH/reference antenna and transmitting equipment.

[bookmark: _Toc478460661]C.4	Near Field Test Range
C4-1 Axes Intersection
This is a mechanical uncertainty term and aim to find the uncertainty related with the lateral displacement between the horizontal and vertical axes of the DUT positioner. This can result in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
C4-2 Axes Orthogonality
The difference from 90° of the angle between the horizontal and vertical axes also results in sampling the field on a non ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
C4-3 Horizontal Pointing
The horizontal mispointing of the horizontal axis to the probe reference point for Theta=0° also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
C4-4 Probe Vertical position
The vertical displacement of the probe reference point from the horizontal axis results in sampling the field on a non ideal sphere. This uncertainty is assumed to have a Gaussian distribution.
C4-5 Probe Horizontal/Vertical pointing
The horizontal or vertical mispointing of the probe z-axis from the intersection point of the horizontal/vertical axis. This uncertainty is assumed to have a Gaussian distribution. 
C4-6 Measurement distance
This is the knowledge of the distance between the intersection point of the horizontal and vertical axis and probe reference point. This uncertainty is assumed to have a Gaussian distribution.
C4-7 Amplitude and phase drift
The system drift due to temperature variations causes the signal at DUT location to drift in amplitude and phase. This uncertainty is assumed to have a unif Gaussian orm distribution.
C4-8 Amplitude and phase noise
This uncertainty is due to the noise level of the test range so that the S/N ratio should be determined or measured at the DUT location. The noise level is usually measured with a spectrum analyzer. This uncertainty is assumed to have a Gaussian distribution.
C4-9 Leakage and Crosstalk
This uncertainty can be addressed by measurements on the actual system setup. The leakage and crosstalk cannot be separated from the random amplitude and phase errors so that the relative importance should be determined. This uncertainty is assumed to have a Gaussian distribution.
C4-10 Amplitude non-linearity
This uncertainty is the linearity of the receiver used for the measurement. It can be taken from the data sheet of the receiver.
C4-11 Amplitude and phase shift in rotary joint
This uncertainty is due to the variation of the rotary joint. It can be measured and is assumed to have a Gaussian distribution.
C4-12 Channel balance amplitude and phase
This uncertainty is relevant for systems which are using dual polarized probes and polarization switches. The amplitude and phase difference between two signal channels of the receiver includes the difference between the probe ports, difference between the channels of the polarization switch, connecting cables and reflection coefficients. This uncertainty is assumed to have a Gaussian distribution.
C4-13 Probe polarization amplitude and phase
The amplitude and phase of the probe polarization coefficients should be measured. This uncertainty is assumed to have a Gaussian distribution.
C4-14 Probe pattern knowledge
The probe(s) pattern(s) is assumed to be known so that the DUT measurement in near field can be corrected when performing the near field to far field transform. There is no direct dependence between the DUT pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a Gaussian distribution.
C4-15 Multiple reflections
The multiple reflections occur when a portion of the transmitted signal is reflected form the receiving antenna back to the transmitting antenna and re-reflected by the transmitting antenna back to the receiving antenna. This uncertainty can be determined by multiple measurements of the DUT when at different distance from the probes. This uncertainty is assumed to have a Gaussian distribution.
C4-16 Room scattering
As for the multiple reflections, a portion of the transmitted signal is reflected by either the absorbers or other structures in the measurement anechoic chamber before being received by the receiving antenna. This effect can be isolated from the multiple reflections by testing the DUT in different positions, separated by λ/4 with respect to the anechoic chamber and comparing these measurements with the reference. This uncertainty is assumed to have a Gaussian distribution.
C4-17 DUT support scattering
This is the uncertainty due to the DUT supporting structure on the signal level. This uncertainty is assumed to have a Gaussian distribution.
C4-18 Scan area truncation
This uncertainty does affect the near field measurement. It can be addressed by comparing the measurement result when scanning the full area. This uncertainty is assumed to have a Gaussian distribution.
C4-19 Sampling point offset
This uncertainty has an influence in near field and far field. It is assumed to have a Gaussian distribution.
C4-20 Mode truncation
The measured near field is expanded using a finite set of spherical modes. The number of modes is linked to number of samples. The filtering effect generated by the finite number of modes can improve measurement results by removing signals from outside the physical area of the AAS BS. Care should be taken in order to make sure the removed signals are not from the AAS BS itself. This uncertainty is usually negligible.
C4-21 Positioning
The relative position of the probe array is not ideal. This uncertainty is assumed to have a rectangular distribution.
C4-22 Probe array uniformity
This is the uncertainty due to the fact that different probes are used for each physical position. Different probes have different radiation patterns. This uncertainty is assumed to have a Gaussian distribution.
C4-23 Mismatch of transmitter chain
If the same chain configuration (including the vector signal generator; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant  0.00 dB value.
If it is not the case, this uncertainty contribution has to be taken into account and should be measured or determined by the method described in 3GPP TR 25.914 [14]. This uncertainty is assumed to have a U-shaped distribution.
C4-24 Insertion loss of transmitter chain
It is composed of the following:
-	Insertion loss of the probe antenna cable.
-	Insertion loss of the probe antenna attenuator (if used).
-	Insertion loss of RF relays (if used).
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00 dB value. This uncertainty is assumed to have a Gaussian distribution.
C4-25 Uncertainty of the absolute gain of the probe antenna
This uncertainty appears in the both stages and it is thus considered systematic and constant 0.00 dB value.
C4-26 Vector Signal Generator
This uncertainty is composed of the following uncertainties:
-	absolute power level;
-	stability;
-	stability over temperature;
-	linearity.
The expanded uncertainty is the Root Square Sum (RSS) of the standard uncertainties for each uncertainty contributors. Each uncertainty can be taken from the instrument data sheet and is assumed to have a uniform distribution. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C4-27 Measurement Repeatability - Positioning Repeatability
This uncertainty is due to the repositioning of the DUT in the test setup. It can be addressed by repeating the corresponding measurement 10 times. Calculate the standard deviation of the metric obtained and use that as the measurement uncertainty. For tests that require multiple setups, the worst-case standard deviation is used. This uncertainty is assumed to have a Gaussiandistribution.
C4-28 Uncertainty of Vector Network Analyzer
This uncertainty includes the all uncertainties involved in the S21 measurement with a vector network analyzer, and will be calculated from the manufacturer's data sheet. This uncertainty is assumed to have a uniform distribution. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C4-29 Mismatch of transmitter chain
If the same chain configuration (including the measurement receiver; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant  0.00 dB value.
If it is not the case, this uncertainty contribution has to be taken into account and should be measured or determined by the method described in 3GPP TR 25.914 [14]. This uncertainty is assumed to have a Gaussian distribution.
C4-30 Insertion loss of transmitter chain
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00 dB value. This uncertainty is assumed to have a Gaussian distribution.
C4-31 Mismatch in the connection of the calibration antenna
This is the uncertainty from the mismatch in the connection between the system coax cable and the calibration antenna. It should be measured or determined by the method described in 3GPP TR 25.914 [14]. This uncertainty is assumed to have a U-shaped distribution.
C4-32 Influence of the calibration antenna feed cable
This uncertainty is due to the impact of the feeding cable on the radiation properties of the calibration antenna. In case of using either a standard horn or standard gain horn, the impact of the cable is to be considered negligible thus the uncertainty  0.00 dB value. In case of using a dipole-like antenna, the uncertainty should be addressed by measuring this impact. This uncertainty is assumed to have a Gaussian distribution.
C4.33 Influence of the probe antenna cable
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00 dB value. This uncertainty is assumed to have a Gaussian distribution.
C4-34 Uncertainty of the absolute gain of the calibration antenna
The calibration antenna only appears in Stage 2. Therefore, the gain/efficiency uncertainty has to be taken into account. This uncertainty will be calculated from the manufacturer's calibration certificate and is assumed to have a uniform distribution, unless otherwise informed  This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C4-35 Short term repeatability
It can be addressed by performing a repeatability test of the calibration antenna. This uncertainty is assumed to have a Gaussian distribution.
[bookmark: _Toc13066657]

Annex F:
Test equipment uncertainty values
[bookmark: _Toc13066658]F.1	Measurement Equipment uncertainty values
The following uncertainty distribution and standard uncertainty (σ) values proposed by test vendors are adopted for the RF power measurement equipment, RF signal generator, and network analyzer in all EIRP and EIS test methods for AAS BS to calculate the uncertainty budget.
Standard uncertainty values captured in this annex are based on Way Forward agreements in R4-164720.
Table F.1-1: Test equipment uncertainty values
	Instrument
	Use case
	Measurement Uncertainty type
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	
	f ≦ 3 GHz
	3 GHz < f ≦ 4.2 GHz
	

	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	EIRP measurement stage
	Total amplitude accuracy 
(with input levels down to ‑70 dBm)
	0.14
	0.26
	Gaussian

	RF signal generator
	EIS measurement stage
	Level error 
	0.46
	0.46
	Gaussian

	Network analyzer
	Calibration stage
	Accuracy of transmission measurements 
	0.13
	0.20
	Gaussian

	NOTE:	Standard uncertainty values were derived from datasheets of mid-tier to high-end RF signal generators, spectrum analyzers, and VNAs. Standard uncertainty values of power measurement equipment were derived from datasheet of spectrum analyzers.



The following uncertainty distribution and standard uncertainty (σ) value for the reference antenna derived as the maximum of companies' proposals are adopted in all test methods to calculate the uncertainty budget.
Table F.1-2: Reference antenna uncertainty value
	Instrument
	Use case
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	f ≦ 3GHz
	3GHz < f ≦ 4.2 GHz
	

	Reference antenna
	Calibration stage
	0.29
	0.25
	Rectangular



[bookmark: _Toc13066659]F.2	MU of TE derived from conducted specification
For a number of  test cases the conducted measurement uncertainty used in 3GPP 36.141 [22] is used to estimate the uncertainty contributing of the conducted part of the OTA test set up.
Where appropriate the mismatch uncertainty is removed from the conducted uncertainty so that it is not included twice in the calculation.
Table F.2-1: MU derived from the conducted specification 
	Requirement
	Use case
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	f ≦ 3GHz
	3GHz < f ≦ 4.2 GHz
	4.2GHz < f ≦ 6 GHz
	6GHz < f ≦ 19 GHz
	

	OTA E-UTRA DL RS power
	Measurement stage
	0.41
	0.56
	N/A
	N/A
	Gaussian

	OTA Output power dynamics
	Measurement stage
	0.2
	0.2
	N/A
	N/A
	Gaussian

	Transmitter mandatory spurious emissions
	Measurement stage
	1.02
	2.04
	Gaussian

	Receiver spurious emissions
	Measurement stage
	1
	1.99
	Gaussian

	Additional (co-existence) spurious emissions
	Measurement stage
	1.02
	1.02
	1.28
	N/A
	Gaussian
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