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1 Introduction
It was agreed that the EIRP accuracy would be specified and tested at extreme conditions. This has been captured in both the core TS and the technical report. Before agreeing the extreme conditions should be specified OTA the practicality of extreme condition testing in an OTA environment was studied. One of the options was to use a delta method which monitored the difference in radiated power form ambient to extreme and used that delta to calculate the extreme performance. Currently in the conformance specification extreme condition testing is requested but no guidance is given to how this may be done. 

This paper discusses how a differential requirement can be stated and also studies the MU for the extreme test methods compared to those for the ambient.
2 Discussion

The extreme condition EIRP accuracy requirement is ±2.7 dB, this is 0.5dB greater than the nominal requirement of ±2.2 dB. TX output power generally is not a regulatory requirement so has a non-zero TT which is added to the core requirement, for <3GHz the MU and TT is 1dB so for example for a 43dBm EIRP:
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Figure 1 example of EIRP accuracy core and conformance requirement, in nominal and extreme conditions

The example is copied from TR 37.843, in the example the same MU is used for the normal and the extreme conditions, this is not yet agreed but is sufficient for the example.

2.1 Extreme conditions test methods
Two methods have been discussed so far:

Relative method

It is proposed that the AAS BS can be isolated in a relatively small RF shielded chamber which is also an environmental chamber.

The RF could be sampled from a near field probe of some description, which is calibrated to the far field measurements.
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Figure 2 - Relative change test approach [1]
The result at extreme temperature would then result in a delta between the ambient temperature result from the probe and the extreme temperature result.

It is simple to see how this method could be applied to the existing extreme temperature output power limits as in both cases an absolute power is measured as the metric. The delta from the extreme temperature measurement could be added to the result of the nominal temperature far filed measurement

Far field method

An alternative to housing the AAS BS in a screened environmental chamber is to house it in a RF transparent (plastic) environmental chamber
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Figure 3 – Far filed chamber with environmental radome  [1]
This system uses the same far field chamber but places the AAS BS in a plastic box which allows the RF to pass through it with a known (calibrated) performance. The BS and the environmental chamber can be placed on the positioned inside the OTA chamber so that only the BS is exposed to the environmental conditions. 

As always additional methods are not excluded if they can be shown to be practical.

2.2 Conformance specification

Having agreed that extreme requirements are feasible they have been added to the core specification and we are in the process of adding to the conformance specification.

Currently for conducted requirements the extreme conformance tests are dealt with by simply stating: 

In addition, a single test case shall be performed under extreme test environment as defined in annex clause B.3
Where annex B.3 describes the extreme conditions:

Minimum temperature:

The test shall be performed with the environment test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60068-2-1 [31].

Maximum temperature:

The test shall be performed with the environmental test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60068-2-2 [32].

The test procedures IEC 60068-2-1 and IEC 60068-2-2 describe how the equipment is placed in the chamber, how the temperature is adjusted and measured. The parameters of the equipment being measured are not considered and as such are applicable to both OTA and conducted measurements. 
For the OTA conformance testing it may be necessary to use a relative method to verify the performance of the system. If this is the case then it is necessary to use the information from the ambient test to set the limits for the extreme tests, this is a different procedure from the existing extreme test requirements where the tests results are compared directly to the test limits.
For a differential method the following method should be used:

The following definitions are made:

Pmax,EIRP,nom = measured EIRP under nominal conditions

Pmax,sample,nom = measured sample power under nominal conditions

Pmax,sample,ex = measured sample power under extreme conditions

Δsample = Pmax,sample,nom  - Pmax,sample,ex
The test requirement is then that Pmax,EIRP,nom + Δsample is

-
 within +2.7 + FFS dB and –2.7 + FFS dB of the manufacturer's declared rated beam EIRP value for carrier frequency f  ≤ 3.0 GHz;

-
within +2.7 + FFS dB and –2.7 + FFS dB of the manufacturer's declared rated beam EIRP value for carrier frequency 3.0 GHz < f ≤ 4.2 GHz.
In the last meeting the TP [2] was endorsed adding the extreme temperature EIRP test to 37.145-2, however the TT was assumed to be the same as the ambient TT, this was based o the principle that the TT was the same for the conducted output power test.
In this case however the OTA extreme test is not as simple as just performing the same test but inside a chamber as the environmental chamber actively interacts with the test environment. This has the possibility of introducing possible additional calibration errors and also measurement errors so the MU budget should be carried out separately for the OTA extreme measurements.
2.3 MU analysis

Considering the direct far field method

[image: image4.png]Material like radome

Far field chamber

Temperature
control
system





The MU budget will be very similar to the existing EIRP budget for the indoor anechoic chamber or the CATR, with some additional considerations:
Calibration: The chamber can be calibrated with the random like enclosure included, it is possible that as the positioned is adjusted the line of sight path through the enclosure varies and hence the distance travelled through the radome will vary and hence the insertion loss. This variation could be removed by calibration, by calibrating in a number of directions; however the extreme temperature requirements are only done in a single direction so a single calibration direction should be sufficient and the radome loss will be consistent.
Measurement : 

The radome like enclosure will vary the propagation conditions of the chamber either by loss or refraction. Hence it is plausible that this will have an effect on the quite zone of the chamber.  

The varying temperature of the enclosure could change the loss properties of the enclosure and the loss could vary between the ambient calibration and the extreme (hot or cold) conditions

The temperature enclosure is likely to not be a great thermal isolator, so even if the interior of the chamber is humidity controlled the outside will not be, the inside of the anechoic chamber will like wide not be humidity controlled. It’s is to be expected therefore that the surface of the radome enclosure may become damp and hence its loss will vary. Studies into wet radome losses tend to focus on the loss compared to the rainfall volume (presumably the higher the rainfall the wetter the radome), losses can be minimized by ensuring that the radome is waxed and therefore more water repellent. In this case there is no actual rain but the possibility of condensed water on the surface of the radome. This could of course be wiped dry before the test so can be minimized, however some uncertainty shroud be considered.
The MU budget for an indoor anechoic chamber and a CATR are given below:

	Indoor anechoic

	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<4.2 GHz
	
	
	
	f≤3 GHz
	3<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
	0.2
	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
	 
	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
	0.1
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	30
	radome loss variation
	0.2
	0.2
	 
	1
	1
	0.2
	0.2

	31
	wet radome loss variation
	0.2
	0.2
	 
	1
	1
	0.2
	0.2

	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
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

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

	Combined standard uncertainty (1σ) [dB]
	0.53
	0.61

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.03
	1.19


	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<4.2 GHz
	
	
	
	f≤3 GHz
	3<f≤4.2 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
	√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
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	30
	radome loss variation
	0.2
	0.2
	 
	1
	1
	0.2
	0.2

	31
	wet radome loss variation
	0.2
	0.2
	 
	1
	1
	0.2
	0.2

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.2
	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
	0.5
	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]
	0.61
	0.68

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.19
	1.34


As usual the MU for the CATR is slightly higher, with an MU of 1.2dB  and 1.4dB for f≤3GHz and 3<f≤4.2 GHz respectively

This is compared to 1dB and 1.2dB for the ambient MU budget.

It is proposed that the extreme temperature MU and TT is:


1.2dB, 
f≤3GHz 


1.4dB,

3<f≤4.2 GHz
So the test requirement is then that Pmax,EIRP,nom + Δsample is

-
 within +3.9 dB and –3.9 dB of the manufacturer's declared rated beam EIRP value for carrier frequency f  ≤ 3.0 GHz;

-
within +4.1 dB and 4.1dB of the manufacturer's declared rated beam EIRP value for carrier frequency 3.0 GHz < f ≤ 4.2 GHz.
3 Summary

The extreme condition test methods have been reviewed and a more appropriate method to state the extreme temperature test requirement has been suggested so that it is clear how the differential method can be used to show compliance to the requirement.
Furthermore the MU budget has been recalculated considering additional uncertainty sources due to the radome like thermal enclosure in the far field method, the extreme MU and hence TT suggested is


1.2dB, 
f≤3GHz 


1.4dB,

3<f≤4.2 GHz
Hence the extreme temperature test requirement is stated as follows:
The following definitions are made:

Pmax,EIRP,nom = measured EIRP under nominal conditions

Pmax,sample,nom = measured sample power under nominal conditions

Pmax,sample,ex = measured sample power under extreme conditions

Δsample = Pmax,sample,nom  - Pmax,sample,ex
The test requirement is then that Pmax,EIRP,nom + Δsample is

-
 within +3.9 dB and –3.9 dB of the manufacturer's declared rated beam EIRP value for carrier frequency f  ≤ 3.0 GHz;

-
within +4.1 dB and 4.1dB of the manufacturer's declared rated beam EIRP value for carrier frequency 3.0 GHz < f ≤ 4.2 GHz.
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