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1.
Introduction
During the previous meeting (RAN4#69) in San Francisco a contribution regarding spherical near-Field scanning methods was submitted [1] but not addressed. The contribution gives information how to handle measurement uncertainties related to a specific test method. In the continuing discussion it is vital to define the differences between minimum requirements as part of RF core requirements, test requirements, test tolerances and measurement uncertainty associated to a specific measurement method.
This contribution will continue the discussion on how to handle measurement uncertainties for different measurement methods required when testing radiated output power and receiver sensitivity.  
2.
Discussion
At previous meetings it was decided to define the minimum requirement for output power as an interval around the manufacture declared absolute value of radiated power. At last meeting it was suggested during the discussion to align AAS testing terminology with already adopted terminology used within 3GPPUE/MS OTA conformance testing.

The minimum requirement for output power can be formulated as:

Pmin < Prad < Pmax
Where Prad is declared by the manufacture of the base station and Pmin is the lower limit and Pmax is the upper limit. At the moment Pmin and Pmax is not determined. Details finding relevant levels can be found in a companion contribution [3].  

A similar concept for minimum requirement can be used for radiated receiver sensitivity. 

According to 3GPP ways of defining requirement and conformance testing, minimum requirements given in the RF core specification make no allowance for measurement uncertainty. The measurement results retuned by the test system are compared –without any modifications – against the test requirements as defined by the shared risk principle defined in ITU-R M.1545 [2].To capture uncertainties related to testing test tolerances are introduced. These test tolerances are individually calculated for each requirement test. The test tolerances are used to relax the minimum requirements to create test requirements. The relation between minimum requirement and test requirement is visualized in Figure 2.1. It shall be noted that test requirement and maximum uncertainty for a specific test method is not the same. 
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Figure 2.1: Relation between minimum requirement and test requirement
For a certain test requirement several potential test methods can be used for conformance testing as long as the maximum uncertainty is well defined. The measurement uncertainty will vary between different test methods (e.g. CATR or near-field scanner).  As long as maximum uncertainty for a test method is acceptable with respect to the test requirement the test method can be used for conformance testing of minimum requirements.
With this concept the test requirements for radiated output power can be derived as:

Pmin - TT < Prad,test < Pmax + TT
Where Prad,test  is the test requirement and TT is the test tolerance for radiated output power. 

The derivation of conducted test requirements is shown in Table 2.1 for maximum output power and Table 2.2 for reference sensitivity. Using requirement levels at the transceiver boundary as a baseline for radiating requirements, the values for radiated minimum requirements can be derived. 

Table 2.1: Derivation of Test Requirements (Transmitter tests)

	Test 
	Minimum Requirement in TS 36.104
	Test Tolerance
(TT)
	Test Requirement in TS 36.141

	6.2 Base station maximum output power
	
Within ±2 dB of  manufacturer's rated output power


	0.7 dB, 
f ≤ 3.0GHz

1.0 dB, 3.0GHz < f ≤ 4.2GHz
	Formula:

Upper limit + TT, Lower limit - TT


Within +2.7 dB and -2.7 dB of the manufacturer's rated output power, f ≤ 3.0GHz
Within +3.0 dB and -3.0 dB of the manufacturer's rated output power, 3.0GHz < f ≤ 4.2GHz



Table 2.2: Derivation of Test Requirements (Receiver tests)

	Test 
	Minimum Requirement in TS 36.104
	Test Tolerance
(TT)
	Test Requirement in TS 36.141

	7.2 Reference sensitivity level
	Reference sensitivity power level:

-106.8 dBm for 1.4 MHz BW

-103.0 dBm for 3 MHz BW

-101.5 dBm for 5 MHz BW

-101.5 dBm for 10 MHz BW

-101.5 dBm for 15 MHz BW

-101.5 dBm for 20 MHz BW

T-put limit = 95% of maximum for the Ref Meas channel
	f ≤ 3.0GHz
0.7 dB

0.7 dB

0.7 dB

0.7 dB

0.7 dB

0.7 dB

3.0GHz < f ≤ 4.2GHz

1.0 dB
	Formula: Reference sensitivity power level + TT

f ≤ 3.0GHz
-106.1 dBm for 1.4 MHz BW

-102.3 dBm for 3 MHz BW

-100.8 dBm for 5 MHz BW

-100.8 dBm for 10 MHz BW

-100.8 dBm for 15 MHz BW

-100.8 dBm for 20 MHz BW

3.0GHz < f ≤ 4.2GHz

-105.8 dBm for 1.4 MHz BW

-102.0 dBm for 3 MHz BW

-100.5 dBm for 5 MHz BW

-100.5 dBm for 10 MHz BW

-100.5 dBm for 15 MHz BW

-100.5 dBm for 20 MHz BW

T-put limit unchanged




The test tolerance for radiated output power is currently not defined. An analysis of capable antenna testing methods is required to define a relevant test tolerance for radiated output power. Worth mention is that the test tolerance for radiated output power for UE is set to 0.7 dB according to section D.3 in TS 34.114. Several different methods for testing radiated output power and radiated receiver sensitivity exits. A generic technique for calculating the total measurement uncertainty is found in Annex E in TS 34.114. This technique is based of radiated UE conformance testing and related to TRP and TRS. Since the measurement of TRP and EIRP are related to each other and TRS and EIRS is related to each other, this framework is a good starting point for coming discussing related measurement uncertainty. 
An important part of a standard measurement procedure is the identification of uncertainty sources and the evaluation of the overall measurement uncertainty. There are various individual uncertainty sources in the measurement procedure that introduce a certain uncertainty contribution to the final measurement result. The approach presented in this contribution for testing radiated performance is that the test laboratories are not limited to using some specific approach instruments and antenna positioners. However, a limit is set for the maximum overall measurement uncertainty. 

A test method is accepted when it is described in terms of concept including how it is calibrated and fulfilling maximum uncertainty of test system. Together with each test method an estimation of the combined uncertainty should be captured in the conformance test specification. For any measurement method relevant for testing radiating characteristics of antennas, a reliable estimate of errors is one of the primary concerns. The determination of error bounds for any given antenna measurement system can be a difficult task.  
The measurement procedure required to capture radiated characteristics, can be considered to include two stages. In stage 1 the actual measurement is performed. In stage 2 the calibration of the absolute levels of the DUT measurement results is performance using a calibration antenna whose absolute gain is known at the frequencies of interest.

The maximum acceptable uncertainty of the test system is specified for each test. The test system shall enable test to be measured with an uncertainty not exceeding the specified values. All uncertainties are absolute values and are valid for a confidence level of 95%.

The procedure of forming the uncertainty budget for an OTA measurement is:

1. Compile a list of individual uncertainty contributions for both stage 1 and stage 2.

2. Determine the standard uncertainty contributions by

a. Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)

b. Determining the maximum value of each uncertainty (unless the distribution is Gaussian)

c. Calculating the standard uncertainty by dividing the uncertainty by 
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 if the distribution is U-shaped, and by 
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 if the distribution is rectangular.

3. Convert the units into decibels, if necessary.

4. Combine all the standard uncertainties by Root of the Sum of the Squares (RSS) method.

5. Combine the total uncertainties in Stage 1 and Stage 2 also by the RSS method:
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6. Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95 % confidence level:
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Table 2.3 shows an example of an uncertainty budget for a far-field test range.
Since both radiated output power and radiated receiver sensitivity are absolute characteristics the calibration of used test method critical for measurement uncertainty. The relative power values of the measurement point will be transformed to absolute radiated power values (in dBm) by performing a calibration measurement. The calibration measurement is done by using a reference antenna with known gain. In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path from the DUT to the measurement receiver is calibrated out.

The gain of the reference antenna shall be known at the frequency bands in which the calibrations are performed. Recommended calibration antenna for a far-field test range is a Standard Gain Horn (SGH). A network analyser is recommended to be used to perform the calibration measurement. The calibration is performed individually for orthogonal polarizations, all transmission paths and all frequencies used in the testing. The principle is based on the use of calibration/substitution antennas presenting a gain known with a sufficient accuracy in the measurement bandwidth. Such a calibration antenna is placed on the DUT positioner at the exact test object location. Based on uncertainty budget for UE TRP a draft uncertainty budget for EIRP in CATR is created in Table 2.3.  
Table 2.3: Example of uncertainty budget for radiated output power
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	STAGE 1 (DUT measurement)

	1)
Mismatch of receiver chain 
	Гpower meter <0.05

Гprobe antenna connection <0.16
	0.05
	U
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	1
	0.04

	2)
Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	R
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	1
	0

	3)
Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
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	1
	0

	4)
Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
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	1
	0

	5)
Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	R
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	1
	0.03

	6)
Measurement distance


a)
Offset of DUT phase centre
	Δd=0.05m
	0.14
	R
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	1
	0.08

	7)
Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	0.5
	N
	1
	1
	0.5

	8)
DUT Tx-power drift
	Drift
	0.2
	R
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	1
	0.12

	9)
Repeatability
	Fixture (Positioner) 
	0.4
	R
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	1
	0.23

	STAGE 2 (Calibration)

	10)
Uncertainty of network analyser
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	R
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	1
	0.29

	11)
Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U
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	1
	0

	12)
Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	R
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	1
	0

	13)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U
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	1
	0

	14)
Influence of the feed cable of the calibration antenna
	Feed cable
	0.3
	R
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	1
	0.17

	15)
Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
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	1
	0

	16)
Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
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	1
	0

	17)
Uncertainty of the absolute gain of the calibration antenna
	SGH uncertainty 
	0.5
	R
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	1
	0.29

	18)
Measurement distance:

-
Calibration antenna’s displacement and misalignment 
	d=3m, Δd=0.05m, θ=2°
	0.29
	R
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	1
	0.17

	19)
Quality of quiet zone
	Standard deviation of e-field in QZ measurement, Gain calibration
	0.5
	N
	1
	1
	0.5

	Combined standard uncertainty
	
[image: image23.wmf]å

=

×

=

m

i

i

i

c

u

c

u

1

2

2


	
	
	
	
	TBC

	Expanded uncertainty (Confidence interval of 95 %)
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Keep in mind that value is just an example more studies is required to find relevant values for all contribution for a specific test method. Each budget is suggested to be captured in an Annex in the conformance test specification. 
3.
Conclusion

At last meeting it was suggested to re-use the framework used for radiated UE performance currently available within the 3GPP scope. This contribution presented differences between minimum requirement, test tolerance (TT), test requirement and measurement uncertainty. 

Relations between minimum radiated RF core requirement and test requirement was presented in this contribution together with a framework to capture measurement uncertainty related to test method.
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