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1 Introduction
In the last meeting the issue of excluding some of the existing Tx requirements for the range 2 NR BS were discussed.  A way forward [2] was agreed to further study the need for Tx IMD and co-location emissions requirements.

This paper further investigates the need for Tx IMD.

2 Discussion

There are 2 aspects to the TX IMD requirement. 
· The level of the interferer.

· The emissions requirements which need to be passed.

As the emissions requirements are the same as the unwanted emissions requirements  for the BS they generally do not need to much study – however for NR range 2 it is worth considering both together.

For example if the coupling is high enough so that the interferer is below the level of the emissions requirement it could be considered very unlikely that it will cause any further unwanted emissions which will fail the emissions requirements.

2.1 Coupled signal

In the paper [1] analysis was presented to show that at 30GHz 2 patch antennas side on to each other with 10cm between them were isolated by approx 50dB.

This figure is credible as at 30GHz FSPL is 42dB at a distance of 10cm
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The gain of a directional antenna at 90° can be expected to be lower than 0dBi, so it can perhaps be assumed that 42dB coupling at 10cm is an absolute worst case.

2.2 Source of IMD

Whilst reverse IMD is very difficult to estimate even with a circuit level simulator, it does follow the same relationships as any distortion, 3rd order distortion is the largest contributor and 3rd order products should follow a 3:1 ratio with the fundamental.

The transmitter output stages must of course meet the 3rd order requirements needed to meet ACLR. The PA is almost certainly  linearised which may complicate the issue, would a linearised PA required to meet 43dBm with 45dBc ACLR have a device linearity any different to one designed to meet 43DBm with 28dBc ACLR?

The assumption is perhaps that if the signal statistics are the same (i.e. the PAR is the same) then both must have a similar compression point, the difference in required ACLR is then part of the linearization rather than the device performance?

The large difference in frequency is likely to make a big difference in the design and technology of the PA, but it is perhaps safe to say that the IP3 of the device must be greater than 43dBm + PAR = 51dBm. The IP3 cannot be lower than this otherwise the 3rd order products would be larger than the fundamental signals which is not possible.

Using this figure a comparison can be made calculations are shown for both 2GHz and 30GHz

	f
	30
	2
	GHz

	d
	0.1
	 
	m

	FSPL
	42.0
	 
	dB

	Assumed coupling 
	42
	30
	 dB

	Pout
	43
	43
	dBm

	ACLR
	28
	45
	dBc

	Adj channel (Pout-ACLR)
	15
	-2
	dBm

	IP3 
	51
	51
	dBm

	 
	 
	 
	 

	P_Interferer
	1.0
	13
	dBm


One thing to note here is that the acceptable adjacent channel power is 17dB higher for the 30GHz system as it is for the 2GHz system (as ACLR requirement is 17dB lower).

Considering the wanted signal and the interferer are uneven we consider the two 3rd order products separately
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	P 3rd order 1
	-57.0
	-33
	dBm

	P 3rd order 2
	-15.0
	-3
	dBm


It can be seen that for 2GHz, the level of the interferer is greater than the level of the adjacent channel noise which is only          -2dBm. When looking at any intermodulation products the highest is -3dBm which is within 1dB of the adjacent channel noise. 

However for the 30GHz system the interferer is considerably lower in power than the adjacent channel noise which is 15dBm. When looking at any intermodulation products the highest is only -15dBm which is 30dB lower than the adjacent channel noise.

This is assuming only the FSPL between the victim and interfere. Using 50dB isolation would result in a even greater margin.

There are a number of assumptions and simplification made in the analysis however in each case a worse case is assumed. It is clear however that with the 2GHz system the higher coupling factor of the interferer combined with the greater in band emissions requirements highlight there is a risk that the reverse interferer could cause emissions which are not compliant to the emissions requirements, as such the IMD requirement at 2GHz makes sense.

However at 30GHz it is not possible to create a scenario where the interferer is large enough to exceed the in band emissions requirements. This is both because the interfere is much smaller due to the higher isolation between antennas and also because the in-band emissions limits are higher. This is even considering worse case assumptions on coupling and linearity.

The coupling level is guaranteed by the high frequency, and the linearity of the output of the transmitter can be guaranteed by its existing ACLR performance, therefore it is not necessary to have a separate 

We can therefore agree that the transmitter IMD requirement is not necessary for range 2.
3 Summary

Worst case co-existence scenarios have been considered along with worst case linearity assumptions for the linearity of the transmitter output stages.
The worst case IMD products for a 2GHz scenario and a 30GHz scenario have been investigated and it can be seen that for 2GHz it is feasible that the intermodulation products from the wanted signal and the interfering signal could fail the unwanted emission requirements, however for 30GHz there is over 30dB margin over the emissions requirements.

As the coupling levels are a product of the frequency and can hence be guaranteed, and the assumed linearity if the transmitter is as a minimum guaranteed by the ALCR performance of the transmitter , there is therefore no need for a separate transmitter IMD requirement.
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