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1 Introduction
Co-location emissions measurement are very low power levels, in the last meeting the noise rise method was discussed s a means of measuring low power levels at the output of the co-location test antenna for the TX OFF requirement. The same approach can be used for the co-location requirements.
The MU budget is discussed in this paper and MU values proposed.

Note much of the detail is the same as the TX OFF measurement, this is detailed in [1] and [1] should be read before this paper.

2 Discussion

The MU for the conducted co-location requirement is 3.0 dB (for all frequency ranges) 
The level varies between the different RATs but the worst case is -122dBm/100kHz this is only 2dB higher than the thermal noise floor in the same bandwidth.
The same method of measuring the noise rise in the measurement equipment as proposes for the TX OFF measurement is used to measure this power level.

A comprehensive analysis of the MU budget concerned with the co-location reference antenna and the noise floor measurement is given in [1], much of the this is the same for the co-location emissions so this is summarised below:

2.1 MU budget

The suggested noise sources in [1] are:

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the co-location reference antenna
	

	2
	Polarization mismatch between the AAS BS and the receiving antenna
	

	3
	Gain variation in LNA
	

	4
	Measurement receiver accuracy
	

	5
	Impedance mismatch in the receiving chain
	

	6
	Random uncertainty
	

	7
	Co-location test antenna variation
	

	8
	Gain variation in measurement amplifier
	

	
	FFS
	

	Stage 1: Calibration measurement

	10
	Noise figure measurement accuracy
	

	
	FFS
	


Calibration

As described in [1] the noise figure calibration has an accuracy of approx 0.2dB

Measurement

The Tx OFF Measurement needs to be done in an anechoic chamber so that the coupling between the CLTA and the AAS BS is not disturbed, also  it may be necessary to check the ON power is at the correct level. However the measurement itself is a conducted measurement from the output of the Co-Location Test Antenna (CLTA)
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Uncertainties can be classified in to a few groups:

· Uncertainties in the CLTA and its placement

· Uncertainties in the measurement path

· Uncertainties in the measurement receiver.

Looking at each of these

2.1.1 Uncertainties in the CLTA

The CLTA is defined as follows in the draft TR:

[Table 5.1.2.2.2-1: CLTA characteristics 

	Parameter
	in band 
	out of band

	height (h)
	[±FFS]
	N/A

	Horizontal beam width
	65° ± 10°
	65° ± 10°

	Vertical beam width
	N/A
	VBWinband  ± 3°

	Polarisation
	match
	match to inband

	Vertical alignment
	centre ± 1cm
	centre ± 1cm

	Front to band alignment
	Radome front ± 1cm
	Radome front ± 1cm

	Conducted interface return loss
	> 10dB
	> 10dB

	NOTE 1: If a multi-column or multi-band antenna is used the column closest to the AAS BS shall be selected while other columns are terminated during testing.  


]

The alignment between the AAS BS under test and the co-location test antenna is described in Table 4.15.2.3-1 and Figure 4.15.2.3-1.

[Table 5.1.2.2.2-2: CLTA alignment tolerances 

	Parameter
	in band 
	out of band

	Vertical alignment
	centre ± 1cm
	centre ± 1cm

	Front to band alignment
	Radome front ± 1cm
	Radome front ± 1cm


Based on these tolerances and the analysis in [1] the following uncertainties are proposed.

Antenna size

Varying the vertical beam width of the antenna 10°±3° varies the directivity approximately 17.5dBi ± 1.5dB (σ = 0.77dB)
Varying the horizontal beamwidth of the antenna 65°±10° varies the directivity approximately 17.5dBi ± 0.75dB (σ = 0.38dB)
Antenna separation
At 2GHz the variation in FSPL due to 10cm±1cm is approx ± 0.9dB (σ = 0.46dB)

Antenna alignment

The front to back alignment of the antenna accuracy is 1cm, for 2 antenna 10cm apart this gives an error of approx  ±3dB (σ = 1.53dB)

The vertical alignment of the antenna accuracy is 1cm, for 2 antenna 10cm apart this gives an error of approx  ±1dB (σ = 0.5 dB)

Polarization mismatch between the AAS BS and the receiving antenna

A polarisation mismatch of 10° gives less than 0.1dB loss.

2.1.2 Uncertainties in the measurement equipment

As the co-location emissions are out of band requirements it is possible to filter out the in-band wanted signal, this is not possible when measuring the TX OFF requirement as both ON and OFF need to be considered. Hence it is easier to use gain to get sensitivity from the measurement receiver. However the insertion loss of the filter must be considered.  Such filters and indeed the measurement receiver front end will have similar requirements to a BS receiver, so it is reasonable that a similar (or better) NF can be achieved.

The RF measurement equipment is used to measure 2 power levels (hot and cold) and this is then used to calculate the noise power of the device alone. As the system has been calibrated using an ENR source the noise figure of the measurement system is known hence the absolute error is not important but the differential error between the 2 measurements.

Due to the nature of having to de-embed the measured power level however the error in the delta is amplified somewhat. In the case of the co-location requirements as the power level being measured is so close to the measurement equipment noise floor (or below it) the error is amplified to a greater extent than the TX OFF case

For a test system with a 5dB noise figure measuring -122/100kHz dBm emissions level, the error in the delta between the 2 measurements results in the following error to the de-embedded power level
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The RF measurement equipment error used for the existing measurement is:

0.14dB,
 f≤3GHz

0.26dB,

3<f≤4.2GHz

It is likely the relative difference will be smaller – but these figures are small so they will be used as is. The Error in the de-embedded value is hence:

0.41dB,
 f≤3GHz

0.74dB,

3<f≤4.2GHz

Other measurement equipment uncertainties can include the following:
· Gain variation in LNA – we estimate σ = 0.25 dB
· Impedance mismatch in the receiving chain – this will affect the noise figure of the measurement system, σ = 0.2dB (0.3dB >4.2GHz)  is assumed.
· Random uncertainty – small value of random uncertainty is included, σ = 0.05dB 
· Gain variation in measurement amplifier – if a 2nd amplifier is needed (or a limiter or a switch) more uncertainty should be included , we estimate σ = 0.25 dB

2.2 MU budget

Based on the above the following MU budget is proposed:

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

	
	
	f≤3 GHz
	3<f≤4.2 GHz
	
	
	
	f≤3 GHz
	3<f≤4.2 GHz

	Stage 2: DUT measurement

	 
	Front to back Positioning misalignment between the AAS BS and the CLTA
	1.53
	1.53
	Gaussian
	1
	1
	1.53
	1.53

	 
	Vertical Positioning misalignment between the AAS BS and the CLTA
	0.5
	0.5
	Gaussian
	1
	1
	0.5
	0.5

	2
	Polarization mismatch between the AAS BS and the receiving antenna
	0.09
	0.09
	Rectangular
	√3
	1
	0.05
	0.05

	7a
	CLTA vertical beam width variation
	0.77
	0.77
	Gaussian
	1
	1
	0.77
	0.77

	7b
	CLTA horizontal beam width variation
	0.38
	0.38
	Gaussian
	1
	1
	0.38
	0.38

	 
	Antenna separation variation
	0.46
	0.46
	Gaussian
	1
	1
	0.46
	0.46

	3
	Gain variation in LNA
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	4
	Measurement receiver accuracy
	0.41
	0.74
	Gaussian
	1
	1
	0.41
	0.74

	5
	Impedance mismatch in the receiving chain
	0.2
	0.3
	U-shaped
	√2
	1
	0.1
	0.23

	6
	Random uncertainty
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	8
	Gain variation in measurement amplifier
	0.25
	0.25
	Gaussian 
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	10
	Noise figure measurement accuracy
	0.2
	0.2
	Gaussian
	1
	1
	0.2
	0.2

	Combined standard uncertainty (1σ) [dB]
	1.97
	2.08

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	3.86
	4.07


There is less variation between the frequencies as most of the uncertainties are due to physical parameters which scale with frequency. In the conducted requirements no account is taken for frequency so the upper value is proposed up to 4.2GHz.

Note. If values are considered up to 6GHz then the MU may need to be increased.
3 Summary

The measurement method and uncertainties for the co-location emissions level measurement have all been investigated and the following MU is propped.

Co-location emissions MU = 4.1dB ,
f≤4.2GHz
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