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Analysis of Intermodulation attenuation Sensitivity to carrier spacing in test setup
1 Introduction
For the MCBTS WI there are still some remaining issues for the test cases in TS 51.021, e.g. the issue of carrier spacing in the IM measurement test setup.

Equal carrier spacing causes a maximum number of IM products to coincide on the same frequency, which is not always possible for some RF Bandwidths due to the 200 kHz channel raster. When distributing the carriers as even as possible to cover the whole bandwidth, the measured IM may possibly be lower than with equal spacing and this paper investigates this property.
2 Intermodulation model

A model is used to calculate IM products on different frequencies given a set of input sinusoids. The calculated IM includes orders up to the fifth. On each IM frequency combination an IM product is assigned with a relative power according to [1]. Many of the combinations will give IM products on the same frequency, but it is assumed that the powers can be summed given that the input signals are not coherent.
By calculating the summed relative powers in the equal carrier separation setup, it is possible to solve for the third- and fifth-order coefficients in the Taylor series by assigning the summed powers to the requirements of MCBTS class 2, i.e. -60 dBc and -70 dBc for the strongest third- and fifth-order frequencies, respectively. These coefficients are later reused but with shifted carrier separations. It is further assumed that the adjacent channel of a third-order IM will also be affected, but with 3 dB attenuation. The fifth-order IM is assumed to be attenuated 2 dB on the first adjacent channel and 5 dB on the second adjacent channel.

3 Scenarios and results
To determine the adjusted carrier separations the following rules are used, related to the max equal carrier spacing (Deq) and IM frequencies:
· The separation between each carrier has to be between Deq‑200 kHz and Deq+200kHz
· Third-order IM products has to coincide within 400 kHz 
· Two of the carriers must be allocated to the highest and lowest frequencies in the RF bandwidth

All separations that fulfil these conditions are investigated. An example can be seen in figure 1.
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Figure 1. An example of uneven carrier separation.

The highest and lowest IM level is collected for each separation configuration and scenario. The results can be seen in the table below. 

	Declared RF BW
	No. carriers (N)
	Max. equal carrier spacing (Deq)
	Max. BW with equal spacing
	Max distance between  outermost carriers
	Difference 
	Highest IM level
	Lowest IM level

	4.8 MHz
	4
	1.4 MHz
	4.4 MHz
	4.4 MHz
	0 MHz
	-60.0 dBc
	-61.9 dBc

	7 MHz
	4
	2.0 MHz
	6.2 MHz
	6.6 MHz
	0.4 MHz
	-60.9 dBc
	-61.2 dBc

	18 MHz
	8
	2.4 MHz
	17 MHz
	17.6 MHz
	0.6 MHz
	-60.7 dBc
	-61.6 dBc


The difference between RF BW and the maximum distance between the outermost carriers is due to a 200 kHz guard offset to the edge on each side.
4 Conclusion
Even though the number of scenarios is limited, it should be possible to conclude that the calculated IM levels for this approach may differ from the case with equal carrier spacing in the order of 1 or 2 dB. It should be noted that the calculation model is pessimistic which might exaggerate this difference.
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