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1 Introduction
There are a number of OTA transmitter  in-band directional requirements which can be tested using the same OTA test ranges as were defined for the existing EIRP accuracy requirement. As such much of the work done on analyzing the calibration and measurement uncertainty for those ranges can be reused.
This paper looks at the directional transmitter requirements and how the existing MU budgets can be applied.

2 Discussion

2.1 Background
There were 4 test methods investigated which were suitable for measuring the EIRP accuracy requirement

-
Indoor Anechoic Chamber
-
Compact Antenna Test Range
-
One Dimensional Compact Range Chamber
-
Near Field Test Range
The indoor anechoic chamber is perhaps conceptually the simplest of these as it employees a calibrated far field path in a screened chamber.
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This will be used to further discuss the additional directional requirements.

The uncertainty budget for the indoor anechoic chamber is as follows:

Table 10.3.1.1.2.4 -1: Indoor Anechoic Chamber uncertainty contributions
for AAS BS 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
	B1-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	B1-2

	3
	Quality of quiet zone
	B1-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	B1-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	B1-5

	6
	Phase curvature
	B1-6

	7
	Uncertainty of the RF power measurement equipment
	E

	8
	Impedance mismatch in the receiving chain
	B1-8

	9
	Random uncertainty
	B1-9

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	B1-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B1-11

	12
	Impedance mismatch between the reference antenna and the network analyzer
	B1-12

	13
	Quality of quiet zone
	B1-3

	14
	Polarization mismatch for reference antenna
	B1-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	B1-5

	16
	Phase curvature 
	B1-6

	17
	Uncertainty of the Network Analyzer
	E

	18
	Influence of the reference antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	B1-14

	19
	Reference antenna feed cable loss measurement uncertainty
	B1-15

	20
	Influence of the receiving antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	B1-16

	21
	Uncertainty of the absolute gain of the reference antenna
	E

	22
	Uncertainty of the absolute gain of the receiving antenna
	B1-18


Table 10.3.1.1.2.5-1.1: Indoor Anechoic Chamber uncertainty assessment for EIRP measurement

	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

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

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

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

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

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

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

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

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	
	0.05
	0.05

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

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

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

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

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

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

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

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

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

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

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

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

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

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

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

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

	Combined standard uncertainty (1σ) [dB]
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	0.44
	0.54

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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2.2 OTA directional requirements
The following can be considered in-band directional requirements

	Requirement
	Equivalent Conducted TT
	Equivalent Conducted MU
	OTA

	9.2 Radiated Transmit power
	-
	-
	Existing EIRP accuracy values (1.0 dB, f ≤ 3.0 GHz, 1.2 dB, 3.0 GHz < f ≤ 4.2 GHz)

	
	
	
	

	9.3.2 OTA base station output power – OTA E-UTRA DL RS power
	0.8 dB, f ≤ 3.0GHz
1.1 dB, 3.0GHz < f ≤ 4.2GHz
	 
	Absolute EIRP
 - similar to EIRP accuracy similar to EIRP accuracy
- Conducted MU is larger than power accuracy.

	
	
	
	

	
	
	
	

	9.4 OTA Output power dynamics
	0.4 dB
	 
	Differential EIRP
 - many OTA errors cancel out
 - Similar to conducted

	
	
	
	

	
	
	
	

	9.6  OTA Transmitted signal quality - freq Error
	12Hz
	 
	Differential directional
 - power accuracy not important
 - Similar to conducted

	9.6  OTA Transmitted signal quality - EVM
	1%
	
	

	9.6  OTA Transmitted signal quality - TAE
	25ns
	
	

	9.7.2 OTA occupied bandwidth
	0 kHz
	For E-UTRA:
1.4MHz, 3MHz Channel BW: ±30kHz
5MHz, 10MHz Channel BW: ±100kHz
15MHz, 20MHz: Channel BW: ±300kHz
	Differential directional
 - power accuracy not important
 - Similar to conducted

	
	
	
	

	
	
	
	


2.2.1 DL-RS power
This measures the resource element power, it is generally measured at the same time as the EVM and is subject to BB processing in the test equipment as describe in Annex F of TS 36.141.

For the conducted requirements the output power accuracy is 0.7dB and the DL-RS power accuracy is 0.8dB.

Assuming the power measurement equipment is the only thing that changes between the 2 measurements, this can be de-embedded.

The same ‘Uncertainty of the RF Power Measurement Equipment’ is used for all test systems, for the EIRP power measurement it is given in annex E of TR 37.842

	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


The contribution of  rest of the conducted system can be calculated:
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So for the DL-RS measurement the Test equipment part can be extracted as:
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So the power measurement equipment for DL-RS measurement has an accuracy of:

	Instrument
	Use case
	Measurement Uncertainty type
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	
	f ≦ 3 GHz
	3 GHz < f ≦ 4.2 GHz
	

	Global in channel test, DL-RS power level 
	EIRP measurement stage
	
	0.41
	0.53
	Gaussian


If this is substituted into the error budget for the indoor anechoic chamber in row 7, the measurement uncertainty is:
	Combined standard uncertainty (1σ) [dB]
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	0.59
	0.71

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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2.2.2 Power dynamics
The output power dynamics are a range of measurements which are all differential in nature (step size etc). The result is the difference between two measurements. As both measurements are made in the same direction, same frequency etc almost all of the measurement uncertainties will cancel each other out.
	The remaining errors are only the power measurement uncertainty and random error

Combined standard uncertainty (1σ) [dB]
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	0.15
	0.27

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The conducted requirement uses a single value of 0.4dB for the whole frequency range, this is in the middle of the values calculated above. As the MU is based almost solely on the measurement equipment it is reasonable to use the same 0.4dB for the OTA MU.

2.2.3 Modulation Accuracy
The frequency error and EVM measurement is part of the global in-channel test as describe in Annex F of TS 36.141.

Accurate power measurement does not affect the modulation accuracy calculations therefore the OTA test should use the same MU as the conducted test.

TAE is measured as the time difference between 2 modulated signal generated by different transmitters. The OTA test environment is subject to fewer timing uncertainties than the conducted test environment as in the conducted test it is necessary to connect the 2 transmitter outputs to the test equipment via cables, mismatch in the cables could lead to phase and/or time offsets between the 2 signals. In the OTA case however the signals are generated from the same antenna and are subject o the same path, hence any mismatch in the path between the DUT and the test equipment  is minimized.
The current measurement uncertainty is 25ns,it could be expected that with little effort cables can be matched in length within 10cm, this is equivalent to approx 0.3ns, which is trivial compared to the conducted MU. It is therefore reasonable to use the same MU for OTA as the conducted test.

2.2.4 Occupied band width

The occupied BW measurement is based on finding the 3dB points of the modulated BW and ensuring that the occupied BW is less than the specified CH BW. As such the  measurement can be considered a directional measurement. The direction, centre frequency etc of the measurement are all the same. The only errors to consider therefore are random errors and the power measurement accuracy of the test equipment.

The accuracy of the measurement therefore will be the same as the conducted measurement.

As occupied BW is used as a regulatory requirement in some countries the TT is zero.
3 Summary

The directional OTA requirements for the transmitter have been investigated using the conducted TT and the EIRP MU calculations for the indoor anechoic chamber as a guide.  In most cases the MU for th OTA test case is straight forward to calculate. The following values are proposed.
	Requirement
	OTA  TT

	9.3.2 OTA base station output power – OTA E-UTRA DL RS power
	1.15 dB, f ≤ 3.0GHz
1.39 dB, 3.0GHz < f ≤ 4.2GHz

	9.4 OTA Output power dynamics
	0.4 dB

	9.6  OTA Transmitted signal quality - freq Error
	12Hz

	9.6  OTA Transmitted signal quality - EVM
	1%

	9.6  OTA Transmitted signal quality - TAE
	25ns

	9.7.2 OTA occupied bandwidth
	0 kHz
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