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1 Introduction
The in-band SE and method to add to the in-band per point was agreed last meeting [1]. The out of band emissions are a little less advanced as the uncertainty of the different types of chambers needed for such wide frequency ranges have not been extensively discussed and agreed.
As the WI is coming to a close and it is necessary to agree a value this paper outlines out views o the uncertainties and proposes a value

2 Discussion

The conducted measurement uncertainty for spurious emissions is as follows:

	Transmitter spurious emissions, Mandatory Requirements
	dB
	MU 

	30 MHz ≤ f ≤ 4 GHz
	
	2.0

	4 GHz < f ≤ 19 GHz
	
	4.0


.There is also some prior information available from the EMC specification where a EIRP MU is quoted
Table 8.2.1.4-1: Maximum measurement uncertainty (BS)

	Parameter
	Uncertainty for EUT dimension ≤ 1 m
	Uncertainty for EUT dimension >1 m

	Effective radiated RF power between 30 MHz to 180 MHz
	(6 dB
	(6 dB

	Effective radiated RF power between 180 MHz to 4 GHz
	(4 dB
	(6 dB

	Effective radiated RF power between 4 GHz to 12,75 GHz
	(6 dB
	(9* dB

	*NOTE: This value may be reduced to (6 dB when further information on the potential radiation characteristic of the EUT is available.


Neither of these values are correct for the AAS BS OTA measurements but it sets a range:


2.0 < MUperpoint < 6.0,
30MHz to 4 GHz

4.0 < MUperpoint < 9.0 (6.0 if radiation characteristic known) ,
4GHz to 12.75 GHz

It is clear that the conducted uncertainty is significantly larger then for the wanted signal uncertainty covering the same frequency range (wanted signal up to 4.2GHz is 1dB) , so the conducted MU is not just based on the possible accuracy of the measurement equipment and the calibration of the equipment, but also includes other factors, these other factors add up to:
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Unfortunately it is not clear what these factor are or how they were evaluated, we can surmise some possible reasons:

· Test signal path is complex as wanted signal must be terminated in a linear load (low distortion cable load, notch filters, diplexers etc)

· Power level is lower so test equipment accuracy is lower 

· Test equipment accuracy is lower -due to time pressure, less averaging, faster sweeps etc

· Calibration of test path is made over a finite number of points, components in the path vary leading to error between the calibration points.

However the OTA measurement system is similar to the conducted system with the OTA chamber replacing the cable.
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A similar situation existed for the receiver directional requirements where the conducted part MU budget was not know, in this case the conducted MU part (minus the mismatch uncertainty) was added to the chamber MU part.
A similar approach can be used for the spurious emissions.

The conducted part measurement uncertainty (1σ) is hence

30MHz<f≤4GHz,
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4GHz<f≤19GHz,
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2.1.1 OTA chamber MU

It has been discussed a number of times that the OTA chamber analysis done for the in-band requirements is not suitable for the entire spurious emissions range. 

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 antenna 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 be in the far filed. This is ok 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.
Test antenna gain

To cover the whole frequency range a number of test antennas will be required, some examples are shown below:
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Example: test antenna gain over frequency
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As can be seen some of the gain responses have some very variable areas, based on the step sizes provided the gain can change at up to 0.9dB/MHz, so the error in between steps could be up to 0.45dBm/MHz.

The error can be considered rectangular and evenly distributed.
Reference antenna gain

Currently in the in-band budget the reference antenna gain uncertainty is 0.5dB, over the small range of the in-band region it is possible to get high quality calibrated reference antennas, with flat gain over the in-band region, below are example of response for 900, 1800 and 2450 MHZ standard gain antennas
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It can be seen they are only usefull over the specific band.

For the emssiosn measurements wide band horns such as those discussed as measurement antennas may have to be used and with it wil be larger variations.

In this case the error is not just the error brtween the calibration steps as the anetann is being used as a gain reference so the errors are between the published gain figures and the actual gain figures. 

Of course if 2 identical anetnans are used and the distance betwene tehm known then the gain can be calculated accuarctly, in which case we can conside that the error may be doubled, hence a value of 2*0.45dB is suggested.
Free Space Path Loss

Free space path loss is of course calculable and is removed during calibration, however as with the test antenna gain there will be a finite number of calibration points and the loss for frequencies between these points will have to be estimated. That said a linear interpolation between the calibration points is probably sufficient to reduce the error to a very small amount.
Error due to variation in path loss <0.1dB

Chamber quite zone

The in-band quite zone quality uncertainty is 0.1dB, this is equivalent to reflections from the chamber in the order of -26dBm.

In a wide band chamber it may not be possible to maintain this level, particularly at low frequencies where the path loss does not help so much and also measuring TRP where the positioners which are close to the AAS BS may cause additional reflections.

A value of 0.4dB is equivalent to reflections of approx -20dB, this is a more realistic target.

Alignment an pointing errors

The in-band budget has a number of alignment and pointing error contributions both in the measurement and the calibration phase:

	UID
	Uncertainty source
	Uncertainty value
	 

	
	
	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

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0.3
	0.3

	Stage 1: Calibration measurement
	 
	 
	 

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	0.01


Currently these do not change based on frequency, as the unwanted emissions are TRP and hence measured over a grid of directions and also the unwanted emissions are unlikely to form narrow beams it is unlikely these errors will be any worse.

Mismatch

Currently a figure of approx 0.2dB is used for mismatch uncertainty (small differences in different papers and chamber types), this is equivalent to a RL of approx 14dB. As the frequency increases it is harder to maintain a good match, a return loss of 10dB results in a loss of approx 0.45dB. This is a good estimate for the upper frequency range

Mismatch uncertainty = 0.2dB,
30MHz<f≤4GHz,
0.45dB,
6GHz<f≤19GHz,


Other uncertainties
Other uncertainties such as polarization uncertainty, cable uncertainty etc are small and unlikely to be effected greatly by frequency so the same values are used.

2.1.2 Chamber budget
Using the information above the following MU budget is formed

	UID
	Uncertainty source
	Uncertainty value


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

	
	
	30MHz<f≤4 GHz
	4GHz<f ≤19GHz
	
	
	
	30MHz<f≤4 GHz
	4GHz<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
	0.3
	0.3
	Rectangular
	√3
	1
	0.17
	0.17

	3
	Quality of quiet zone
	0.4
	0.4
	Gaussian
	1
	1
	0.4
	0.4

	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

	 
	Measurement antenna frequency variation
	0.45
	0.45
	Rectangular
	√3
	1
	0.26
	0.26

	 
	FSPL estimation error
	0.1
	0.1
	Gaussian
	1
	1
	0.14
	0.26

	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
	0.4
	0.4
	Gaussian
	1
	1
	0.4
	0.4

	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
	0.2
	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
	0.9
	0.9
	Rectangular
	√3
	1
	0.52
	0.52

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

	Combined standard uncertainty (1σ) [dB]
	1.33
	2.21

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	2.60
	4.33


2.1.3 Systematic error

The systematic error value for the in-band TRP requirements was agreed last meeting as 0.75dB, as the in-band requirements cover up to 4.2GHz presently and the lower frequency grids do not require as many points (as the potential narrowest beams are much narrower) this seems a reasonable number to use for the region 30MHz to 4GHz.

In the region 4GHz to 18GHz the potential beam size and hence the number of points needed in the grid to maintain the same SE value is much larger. Considering the potential test times a larger SE value should be considered.

The number of steps in theta and phi are directly related to the size of the AAS BS radiating part and the wavelength, so the total number of points is inversely related to frequency squared. Increasing the frequency 3 times results in 9 times as many test directions being needed.

BY using a more sparse grid the systematic error can be traded against the sparsity factor.

The relationship between the sparstiy factor and the SE is not agreed, however as the upper frequency for most of the spurious emissions requirements is 12.75GHz which is approx 3 times the highest in-band frequency using a SE 3 times larger. So SE of 2.25 is proposed for the frequency range 4 to 18GHz.

2.2 Total MU

Adding the MU per point and the SE together gives:
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30MHz<f≤4GHz
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4GHz<f≤18GHz
These figures are larger than the conducted MU but less than the EMC MU values as expected.
3 Summary

The MU per point budget has been studies based on the conducted measurement uncertainty values and the additional estimated uncertainty for the OTA chamber resulting in the following MU per point
MUperpoint = 2.6dB,

30MHz<f≤4GHz

MUperpoint = 4.33dB,

4GHz<f≤18GHz

The proposed SE up to 4GHz is the same a the SE used for the in band TRP requirements, to minimize the number of test directions for the higher frequencies a SE value 3 times higher is proposed.

SE = 0.75dB,

30MHz<f≤4GHz

SE = 2.25dB,

4GHz<f≤18GHz

Resulting in the following MU values for the emissions requirements’

MUtotal = 2.7dB,

30MHz<f≤4GHz

MUtotal = 4.9dB,

4GHz<f≤18GHz

It can be noted that these figures are consistent with the proposed co-existence MU which measures 3GPP bands (i.e. below 4.2GHz for AAS) but at a lower power level. This proposed MU is hence based o the in-band chambers but includes allowance for the low power level and is 3.4 (f<3GHz) and 3.9dB (3<f<4.2GHz)
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