3GPP TSG-RAN WG4 meeting #74bis
R4-152040
Rio de Janeiro, Brazil, 20th – 24th April 2015
Source:
Ericsson

Title:
EIRP Uncertainty budget for a CATR test range
Agenda item:
7.2.8.1
Document for:
Approval
1.
Introduction

In RAN4 #74 in Athens, contributions were made regarding conformance tests of an AAS EIRP requirement.  This contribution will attempt to continue the discussion by suggesting some uncertainty sources specifically for a compact anechoic test range (CATR).   

As was described in [1] each test method will require its own uncertainty budget.  Similarly each core requirement will have a number of test methods available, and each test method will have its own corresponding uncertainty budget.  This will allow for comparison of test methods for all requirements.  Additionally, there is no restriction of only one test method for each requirement.  For example, requirement A can be tested at a CATR with a corresponding uncertainty budget of X while requirement B with the use of a near field scanner with a corresponding uncertainty budget of Y.
2.
Discussion

AAS OTA measurements can be carried out in the far field; that is the test should be far enough from the test range antenna such that the spherical wave approaches a plane wave.  The compact range methodology was invented in the 1960’s and has been accepted by the antenna testing community as one alternative to far field testing.  The AAS under test is placed in the radiating near zone of a large reflector; and with a large enough reflector, the field would be uniform enough in both amplitude and phase for electromagnetic testing.  The energy from the reflector is lined up into a much focused beam with uniform phase distribution on the axis of the reflector.  This method gives the approximation of the far field by the use of such a parabolic reflector.  Figure 1, gives a schematic view of a typical compact test range.
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Figure 1: Example compact test range model
The following table is offered as a starting point for assessing AAS EIRP measurement uncertainty for determining test tolerance for a CATR for EIRP. This is a list of uncertainty sources used today when measuring transmit power for a passive antenna system.  This combined uncertainty values for the uncertainty sources will give rise to the overall test tolerance for a CATR for passive measurements.
Corresponding with the distribution is the division for the uncertainty value prior to the value being used in the final summation of the overall test tolerance.  The probability distribution is based on theory which comes from [2] as UE testing has used in the past.  When contributions are added together it is of great importance to find a concept on how to handle contributions with different statistical distributions.  The ISO guide gives guidance on how to combine different contributions with different distributions.
Table 1: Uncertainty Sources for a Passive Antenna Measurement in CATR

	Uncertainty Source
	Probability Distribution
	Divisor

	RX nonlinearities
	Normal
	1

	Flexing cables & connector repeatability
	Normal
	1

	Rotary joint 
	Normal
	1

	Drift (temp, oscillators, filters etc.). Start to end time of measurements
	Rectangular
	√3

	Mismatch (multiple reflections between DUT and test receiver)
	U-shaped
	√2


	Mismatch (multiple reflections between SGH and test receiver)
	U-shaped
	√2

	Misalignment  positioning system
	Exp. Normal
	2

	Misalignment  DUT & pointing error
	Exp. Normal
	2

	Misalignment  SGH and pointing error
	Normal
	1

	SGH Calibration uncertainty
	Normal
	1

	Standing wave between DUT and test range antenna
	U-shaped
	√2

	Standing wave between SGH and test range antenna
	U-shaped
	√2

	RF leakage & dynamic range, feeder package terminated
	Normal
	1

	RF leakage & dynamic range, DUT terminated
	Normal
	1

	QZ ripple DUT
	Normal
	1

	QZ ripple SGH
	Normal
	1


A similar table will be needed (with associated uncertainty values) to determine the test tolerance of an active antenna system.  Some elements will remain the same between passive and active tests, e.g. QZ ripple, misalignment, etc.  Similarly, items which are only appropriate for passive antenna tests should be removed or modified for active antenna tests.  As a beginning, two items from the passive antenna measurement list (Table 1) have been crossed out to indicate the removal. 
Some of the uncertainty sources will be easy to eliminate for active tests (i.e. rotary join, mismatch between DUT and test receiver).  There will be a need to separate this list of uncertainties into two categories: calibration uncertainty and measurement uncertainty.  This is due to contributors that may occur during calibration but not during testing or with the same uncertainty component have a different value between the calibration phase and testing phase.  This idea has started to be discussed in RAN4 and has already been proposed by others [3].  It is up to RAN4 to determine if both the measurement uncertainty and the calibration uncertainty shall be used to calculate the test tolerance for the overall conformance test requirement.   
3.
Conclusions

It is up to others to propose a list of uncertainty contributions for other test methods that may be used for AAS conformance testing.  The CATR is a valid test method required for AAS EIRP and EIS measurements.  In order to have a clear understanding and control over the test tolerance, both measurement and calibration uncertainty needs to be taken into account.
Proposal 1: Agreement that for each test methodology a full uncertainty budget should be provided.
Proposal 2: The uncertainty budget will be divided into two categories: calibration uncertainty and measurement uncertainty
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