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1. Introduction

At the last RAN4 meeting (RAN4-AH-1807 in Montreal) essential aspects related to how to measure co-location spurious emission was discussed. Technical details related to the test setup to be used for co-location spurious emission was captured in TS 37.145-2, sub-clause 4.15. This section was updated extensively to account for test aspects and allow for flexibility related to the selection of Co-Location Test Antenna (CLTA). 
In this contribution the expanded measurement uncertainty related to co-location spurious emission have been evaluated. 
2. Discussion

The OTA spurious emission co-location requirements are specified as a co-location requirement as described in TR 37.843, sub-clause 5.1.2. The co-location requirements are created around a concept using a co-location reference antenna used to mimic a co-located base station. For the specific case of co-location spurious emission, the co-location reference antenna is used to measure emission generated by an aggressor base station (test object). 

2.1 RF core requirement background
For co-location spurious emission the output power level from the co-location reference antenna is therefore derived from the legacy conducted requirement level minus the 30dB co-location isolation assumption (used for conducted requirements). The legacy conducted spurious emission co-location requirements are defined per transceiver branch antenna connector and as a sum of all the power at the transceiver array boundary in the hybrid AAS base station requirements. As such the level specified in the non-AAS base station requirements is subject to scaling when applied to the AAS base station requirements. 
As the OTA AAS base station architecture is limited to systems with 8 or more transceiver units (4 for UTRA) a fixed scaling factor is added to the non-AAS base station limit. As the requirement is based on the total output power from multiple transceivers if the AAS base station is radiating on two orthogonal polarizations then the power level out of the co-location reference antenna should be the sum of both polarizations.

Defining the RF core requirement levels, the total power level, from both polarizations, at the output of the co-location reference antenna therefore is:
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Where X is 8 for E-UTRA and 4 for UTRA. As such the signal level measured during the test will be in the same range as the RF core requirement levels listed in Table 2.1-1. 
Table 2.1-1: Co-location emission requirements

	Requirement


	Emission Level
	Noise power density
(dBm/Hz)

	OTA transmit ON/OFF power (E-UTRA only)
	-106 dBm/MHz
	-166

	Protection of the BS receiver of own or different BS
	-119 dBm/100 kHz for E-UTRA BC2)
-120 dBm/100 kHz for (UTRA)
	-169
-170

	Co-location with other BS
	-122 dBm/100 kHz (WA, GSM bands)
-120 dBm/100 kHz (WA UTRA and E-UTRA)
	-172
-170


The worst case is the GSM co-location requirement which is only 2dB above the thermal noise floor at -124 dBm/100kHz or -172 dBm/Hz. This is a very weak level to detect using conventional available test equipment (e.g. spectrum analyzer). 
2.2 Conformance test aspects
During conformance testing the co-location reference antenna will be replaced with the CLTA, which is selected following guidance in TS 37.145-2, sub-clause 4.15. The conformance general test set-up for OTA co-location spurious emission, using the co-location concept, is visualized in Figure 2.2-1. The test set-up includes a typical LNA, used for detecting low co-location spurious emission levels.   
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Figure 2.2-1: General OTA co-location spurious emission test set-up.
Since the expected emission level at the output of the co-location reference antenna it is not realistic to measure the absolute power level directly using a spectrum analyser. Instead a test approach where the relative noise change is detected, between the state where the test object is radiating at full power and a state where the test object is turned OFF is measured. This approach is often used for testing noise figure or measuring emission related to passive intermodulation. 

As the emission received at the measurement receiver PUEM for co-location requirements are very low, it is suggested to measure the noise change. The relations between measured noise change 1, noise floor N0 and the relation to PUEM with respect to the noise floor denoted 2 is visualized in linear scale in Figure 2.2-2.
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Figure 2.2-2: Relative noise measurement  

The absolute emission level in decibel scale is calculated as:
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, where N0 is the noise floor of the measurement receiver and 2 is found in Figure 2.2-3.
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Figure 2.2-3: Measured noise change to relative noise level

The absolute noise floor of the measurement receiver, including probe antenna, cables, filter and LNA is determined by a calibration procedure. The calibration will determine the absolute emission level (N0) accuracy of measuring out-of-band unwanted emission close to the thermal noise floor. 

2.3 Measurement evaluation

Based on test procedures described in TS 37.145-2, sub-clause 6.7.6.3 and sub-clause 6.7.6.5, the expanded measurement uncertainty was evaluated based on error sources captured in Table 2.3-1 and Table 2.3-2.
Table 2.3-1: Calibration error sources

	Error source
	Description

	Network analyser measurement uncertainty
	A network analyser is used to calibrate the transmission loss between the CLTA antenna connector interface to the measurement receiver (spectrum analyser). If an LNA and/or filter is used it is included in the calibration. 


Table 2.3-2: Measurement error sources

	Error source
	Description

	Uncertainty related to the selection of the CLTA
	This error source is related to the selected CLTA used during the measurement. 

	Uncertainty related to the placement of the CLTA
	This error source is related to the placement of the CLTA

	RF power measurement equipment
	This error source is related to the measurement uncertainty related to the measurement receiver (spectrum analyser)

	Uncertainty related to measuring close to noise floor
	This error source related to measuring emission noise close to the noise floor. For very weak signals a noise-rise approach is required to detect the emission level with acceptable measurement uncertainty

	Random uncertainty
	Random uncertainty handling repeatability issues


Based on measurement results showed in [3], it can be concluded that the error source associated to the noise-rise approach can be set to 1.5 dB, where the absolute noise level is calibrated with a known noise source. The error source related to the noise source is here included with all other uncertainties (e.g. uncertainties related to read the spectrum analyser display) related to using the noise-rise approach. 

Based on previous MU evaluations and analysis done for co-location requirements [1, 2] a complete measurement evaluation is presented in Table 2.3-3. 
Table 2.3-3: Expanded measurement uncertainty 
	Co-location spurious emission uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	
	Uncertainty related to the selection of the CLTA
	1.5
	1.5
	Rectangular
	√3
	1
	0.87
	0.87

	
	Uncertainty related to the placement of the CLTA
	1.0
	1.0
	Rectangular
	√3
	1
	0.58
	0.58

	2
	RF power measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.15

	
	Uncertainty related to measuring close to noise floor
	1.5
	1.5
	Rectangular
	√3
	1
	0.87
	0.87

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	Combined standard uncertainty (1σ) [dB]
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	1.63
	1.65

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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3. Conclusion

In this contribution we presented a complete MU evaluation for co-location spurious emission requirements. The intension is to stimulate further discussion. The MU evaluation in this based on previous analysis and measurements presented in [1, 2, 3].
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