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1 Introduction
In the last meeting a Draft CR TP TS 37.105 covering the spurious emission co-location requirements was presented [1]. As it was not essential to approve the text at RAN4#84 the draft CR was noted as there were some questions asked about the practicality of the emissions levels.

Now the definition of the co-location reference antenna is approved, the levels can be more closely examined. This contribution discussed the levels and their practicality for measurement.

2 Discussion

2.1 Core requirement

The co-location reference antenna is defined as follows:
Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and coverage area as the composite antenna of AAS at a distance (d) from the edge of the AAS BS.

Note 1: h and d are described in the figure below

Note 2: The co-location reference antenna and the AAS do not have to be the same width.  

Note 3. The vertical radiating regions of the co-location reference antenna and the AAS composite antenna are aligned
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Figure 5.1.2-2: Definition of the co-location reference antenna
The conducted co-location levels in other receive bands are generally -96dBm in 100kHz.

As the co-location emissions apply per non-AAS antenna connector for the AAS they are subject to scaling by the number of transceiver units. This level is capped at 8 times for E-UTRA and 4 times for UTRA. As the OTA AAS BS is restricted to having >8TRX a fixed scaling factor is assumed and can be applied to the emissions requirements.

The maximum emissions level out of the co-location reference antenna is hence:
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For example for wide area E-UTRA band 1 this would be:
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This is still a very low level – but this is the core requirement not the conformance requirement. 
2.2 Conformance requirement

The intention of the co-location reference antenna specification is that a test antenna does not have to have the same performance as the co-location reference antenna and hence the measured power level may be higher and easier to measure above the noise floor.

Considering the methodology in “Report ITU-R M.2244
“Isolation between antennas of IMT base stations in the land mobile service”
ITU-R”
IH[dB] = 22 + 20log (dh/λ) – (GTx + GRx) – (SL(ρ)Tx + SL(θ)Rx)

The 30dB isolation figure can be obtained with a number of assumptions:

GTX=GRX=17dBi, SLTX=SLRX=-23dB. So at 2GHz


IH[dB] = 22 + 20log (0.1/0.15) – (17+ 17) – (-23 - 23)=30.5

This assumes that both antennas are identical, and effectively has 17-23=-6dB gain in the direction of the co-located antenna. If the co-location reference antenna is replaced with a dipole which has 2dBi gain then the signal level increases by 8dB. If the dipole is somewhat directional then this could be increased even more.

In addition the path loss at 10cm is 18.5dB, if the distance were halve then this would reduce by 6dB.

Clearly at such close distance there is a trade off between the size and gain of the measurement antenna and how close to the test object it can be. 

Realistically however the level can probably be increased by 10dB by using a test antenna with gain rather than the specified co-location reference antenna.

The level of the conformance requirement would therefore be approx -107dBm in 100kHz

2.3 Measurement

The noise floor in 100kHz is

Pnoise = kTB = -174dBm + 10*log10(100kHz) = -174+50 = -124dBm

The noise level required to be measured is therefore approx 17dB lower than the thermal noise floor. It is unlikely a spectrum analyser could measure this unaided however with the use of a band pass filter and an LNA  a measurement system with a noise figure of approx 5dB should be possible.
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	cable
	filter
	LNA
	SA

	Gain 
	(dB)
	-0.5
	-2
	30
	 

	Noise Figure
	(dB)
	0.5
	2
	2
	20

	Cumulative gain
	(dB)
	-0.5
	-2.5
	27.5
	27.5

	Cumulative NF
	(dB)
	0.5
	2.5
	4.5
	4.76


The measurement system would have a noise floor of -119dBm, if the collocation noise were -107dBm the noise rise in the measurement equipment would be easily be able to measure this (total measurement equipment and DUT noise ≈ -106.7dBm)

3 Summary
The difference between the core co-location reference antenna and a practical measurement antenna have been investigated, as well as a measurement system capable of resolving low noise levels. Whilst the exact details of the measurement antenna and the noise figure of the measurement equipment is not known at this stage it is clear that the noise level specified by the core co-location requirement is feasible to measure, hence it is ok to agree the core requirement at this stage.

Proposal: The co-location spurious emissions requirements are specified as follows:
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where N = 9dB for E-UTRA and 6dB for UTRA
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