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1 Introduction
There are a number of co-location requirements which require the measurement of a conducted signal level from eth co-location reference antenna which are very close to the noise floor. This has been discussed during the development of the specifications and it is possible to measure the effect however requires a low noise measurement system and a means to isolate the effect of the AAS BS from the measurement noise floor.

This paper further discusses how this can be done and the effect on the MU.
2 Discussion

Noise power needs to be measured from the co-location reference antenna for the following requirements:
· Tx OFF level (E-UTRA only),
-106 dBm/MHz
· Protection of own other Rx,
-119dBm/100kHz (E-UTRA BC2), -120 dBm/100kHz (UTRA)
· Co-location with other BS, -129dBm/100kHz (E-UTRA, GSM bands),  -122dBm/100kHz (UTRA, GSM bands)
The worst case is the UTRA co-location requirement which is only 2dB above the thermal noise floor.
2.1 Measurement System

It has been discussed that the measurable level of the co-location reference antenna output can be increased by a number of measures:

· Use a test antenna with gain in the direction of the AAS BS rather than a literal co-location reference antenna (or BS antenna) which will have isolation in the direction of the AAS BS. 
· Reduce the distance between the test antenna and the AAS BS to reduce the path loss.

This could increase the signal level by up to 20dB which would make measurement much simpler, however requires further study to show how a test antenna with gain relates to the edge on performance of the co-location reference antenna. It seems likely that initially co-location will be carried out with an appropriate BS antenna rather than a more general test antenna. So whilst alternative methods to increase the measured level should not be discounted at this stage the problem of measuring the levels from a co-location reference antenna should be studied.

As the basis of the co-location requirements is ensuring the noise from the AAS SB will not degrade the performance of a co-located BS then it seems reasonable that the measurement system should resemble the front end of a BS receiver.
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Figure 1: Low noise amp an filter measurement system

Table 1: example measurement system gain/noise budget

	 
	 
	cable
	filter
	LNA
	SA

	Gain 
	(dB)
	-0.5
	-1.5
	30
	 

	Noise Figure
	(dB)
	0.5
	1.5
	1.5
	20

	Cumulative gain
	(dB)
	-0.5
	-2
	28
	28

	Cumulative NF
	(dB)
	0.5
	2
	3.5
	3.79


As measurement system with a noise figure or approx 4dB is feasible. This will have a noise floor in 100kHz of:
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Clearly this is higher than the lowest requirement level of -122dBm/100kHz

2.2 Noise addition

Normally when measuring a signal we take the reading directly from the measurement equipment under the assumption that the measured signal is significantly higher (>30dB) than the noise floor of the measurement. As long as the signal being measured is high enough this is a safe assumption. As the difference between the measurement noise floor and the signal becomes smaller however the noise floor influences the measurement.
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Figure 2: effect of small power levels and measurement noise floor on measured power level

The measurement system used to generate the graph in figure 2 has a noise figure of 4dB equivalent to a noise floor of -120dBm/100kKz, it can be seen that when the measured power level is -120dBm then the noise floor is 3dB higher (or -117dBm) as would be expected when doubling the power, and as the measured power drops away it continues to influence the measured power by decreasing amounts.
At the lowest level required by the co-location requirements (-122dBm) the effect is a noise floor rise of 2.1dB.

So with this measurement system (without considering any MU or TT for the present) the requirement would be that the noise floor of the measurement system does not rise by more than 2.1dB. 

With modern spectrum analyzers using averaging it should be possible to detect such a rise in power, it should also be noted that it’s not the spectrum analyzer noise floor which is being measured here (although it does contribute if you look at the gain/noise budget) as the LNA has sufficient gain to increase the power level above the SA noise floor.

 There are a number of methods which could be used to calibrate such a system:

· The noise figure of the measurement system can be measured (using a calibrated noise diode)  and used to calculate the allowable noise floor rise to meet the specification.
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· Calibrate the gain of the test system using a known wanted signal source which is 30dB (or more) higher than the test system noise floor. Measure the calibrated noise floor, can calculate the measured power level when a signal at the specification level is added.

· Calibrated gain is 28dB

· Measured noise power when the input is terminated is -92dBm

· Requirement power level after test system gain is -122dBm + 28 = -94dBm

· 
[image: image5.wmf]dBm

P

fail

Pass

9

.

89

10

10

10

log

*

10

10

94

10

92

/

-

=

÷

÷

ø

ö

ç

ç

è

æ

+

=

-

-


2.3 MU analysis 
The conducted co-location emissions requirements have a measurement uncertainty of 3dB, this is compared to a MU for larger signal levels (>-60dBm) of 2dB.
2.3.1 OTA set up

The OTA part of the test set up, i.e. the placement of the co-location reference antenna, calibration of the antenna gain etc is difficult to quantify. 
The antenna gain and the coupling to the antenna are part of the definition of the co-location reference antenna, whilst it is likely that different reference antennas may have different structures and hence there will be variation it is difficult to translate this into a MU value.

Antenna placement is on variable which it may be possible to attribute a value. The specified separation for the antenna is 10cm, this can be tolerance to say 0.5cm which in terms of FSPL is approx ±0.45dB
2.3.2 Calibration

Depending on the calibration method chosen (noise figure or gain) the conducted measurement system will have a calibration error. If calibrated using noise figure then according to [1] NF of approx 4dB can be measured with an accuracy of approx ±0.07 dB
2.3.3 Measurement

As an LNA with significant gain (i.e. several stages of amplification) is being used there will be some uncertainty in the gain. Also some impedance mismatch uncertainty between the calibration equipment and the co-location reference antenna connection.

The uncertainty of the measurement receiver is also important, as value of 0.14 (<3GHz) and 0.26 (3<f<4.2GHz) was used for the EIRP measurement accuracy and this was valid to power levels of -70dBm. In [2] values are quoted for below -70dBm but 20dB above the noise floor, with a SA NF of approx 20dB the noise floor is -104dBm (in 100kHZ), the levels in the example above are approx -90dBm so not fit into this so definition. However it would seem likely that the restriction is given to avoid noise addition in the analyzer- as this is already taken into account in the methodology, the accuracy values may be acceptable. The MU at these low power levels should be confirmed.
2.3.4 MU budget

	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
	

	Stage 1: Calibration measurement

	10
	Noise figure measurement accuracy
	


2.3.5  MU values

	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 co-location reference antenna
	0.23
	0.23
	Gaussian
	1
	1
	0.23
	0.23

	2
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

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

	4
	Measurement receiver accuracy
	[0.14]
	[0.26]
	Gaussian
	1
	1
	[0.14]
	[0.26]

	5
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	√2
	1
	0.1
	0.23

	6
	Random uncertainty
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	Stage 1: Calibration measurement

	10
	Noise figure measurement accuracy
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	Combined standard uncertainty (1σ) [dB]
	[0.40]
	[0.50]

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.78]
	[0.98]


These value are considerably less than those currently used for the conducted co-location measurement (3dB), so they may be to optimistic. The measurement receiver accuracy clearly is one value which may be considerably higher.

It should also be considered how the uncertainty of the signal effects the final value when the noise is de-embedded.

For example if the requirement is -122dBm, and the MU above is 1dB then the measured power may be between -123 and -121dBm. So the expected Prise could be:

Between 
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And
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So if the MU is ±1dB the variation in Prise is +0.43dB / -0.36dB. 

Note if the MU were 3dB the variation would be between +1.42dB / -0.93 dB.

3 Summary

The problems with measuring the low power levels at the output of the co-location reference antenna for the co-location requirements has been discussed. A reasonable test system with a  noise figure of 4dB has been presented and this has been used to show how monitoring the noise power rise in the measurement receiver can be used to de-embed the DUT measured power from the test system noise power, even when the measured DUT power is lower than the test system noise floor.
Initial MU budgets have been discussed and their effect on the proposed measurement parameter highlighted.
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