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1. Introduction
Recent co-existence studies for NSA NR [1] have considered harmonics and intermodulation (IM) products up to at least 5th order to determine if they interfere with the UE downlink carriers or with other bands.  One aspect which may be missing from these studies is the impact of higher order IM products which are co-located with lower order IM products.  While these higher order IM’s have less power than the lower order IM’s with which they are co-located, they are wider and therefore may overlap the UE downlink even when the lower-order IM’s do not.  Furthermore, the higher order IM products which are co-located with the lower order IM’s have more power than the higher order IM products (of the same order) which are not co-located with lower order IM’s.  As a result, if the higher order IM products which are not co-located with lower order IM’s have sufficient power to interfere with the downlink or with other bands, then it follows that the same is true for the higher order IM products which are co-located with the lower order IM products.
2. Higher Order IM Products Co-Located with Lower Order IM’s
In the Appendix, we have expanded the fourth,and fifth powers of a two carrier signal of the form
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.  The list of intermodulation products from these expansions of the fourth and fifth powers have been listed in Tables A1 and A2, respectively, in the Appendix.  In these tables, the intermodulation products which have been included in the co-existence studies in [1] have been highlighted in green.  To date, the remaining intermodulation products in these tables have not been included in co-existence studies.  However, it can be noted that some of these co-located higher order IM’s may be implicitly addressed in the TS 36.101 spurious emission exceptions in the form of expanded regions for harmonic exceptions due to spectral “spreading.”  Similarly, some of these co-located IM’s may also be implicitly addressed in the harmonic Refsens exceptions defined for the case when the harmonic does not overlap the UE downlink allocation but is adjacent to it.
We now briefly consider examples of DC band combinations for which the previous co-existence analysis using only the IM’s highlighted in green in Tables A1 and A2 show no interference into the own downlink, but for which the IM’s in highlighted in yellow, and which have not previously been considered, do overlap the own downlink.
2.1 Example DC Combinations
i) DC_1A-n79A
In the analysis in [1], there is no IM or harmonic interference into the Band 1 downlink. However, it appears that there is fourth order IM co-located with second order IM that can overlap with the Band 1 downlink.

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	4400
	5000

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	2420
	3080
	6320
	6980


The second order IM above is taken from Table 6.3.3-1 in [1].  Since the Band 1 downlink is 2110 – 2170 MHz, there is no interference into the Band 1downlink from this second order IM.  However, there is a fourth-order IM co-located with this second order IM which is much wider. In particular, the 10th IM in Table A1 in the Appendix extends from 1820 – 3680 MHz, and so this fourth order IM does overlap the Band 1 downlink.
ii) DC_11A-n78A

In the analysis in [1], there is no IM or harmonic interference into the Band 11 downlink. However, it appears that there is fourth order IM co-located with second order IM that can overlap with the Band 11 downlink.

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1427.9
	1447.9
	3300
	3800

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1852.1
	2372.1
	4727.9
	5247.9


The second order IM is taken from Table 6.3.8-1 in [1].  Since the Band 11 downlink is 1475.9 - 1500.9 MHz, there is no interference into the Band 11 downlink from this second order IM.  However, there is a fourth-order IM co-located with this second order IM which is much wider. In particular, the 10th IM in Table A1 in the Appendix extends from 1352.1 - 2872.1 MHz, and so this fourth order IM overlaps the Band 11 downlink.

iii) DC_21A-n78A

In the analysis in [1], there is no IM or harmonic interference into the Band 21 downlink. However, it appears that there is fourth order IM co-located with second order IM that can overlap with the Band 21 downlink.

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1447.9
	1462.9
	3300
	3800

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1837.1
	2352.1
	4747.9
	5262.9


The second order IM is taken from Table 6.3.19-1 in [1].  Since the Band 21 downlink is 1495.9 MHz - 1510.9 MHz, there is no interference into the downlink from this second order IM.  However, there is a fourth-order IM co-located with this second order IM which is much wider. In particular, the 10th IM in Table A1 in the Appendix extends from 1337.1 – 2852.1 MHz, and so this fourth order IM overlaps the Band 21 downlink.

Comments on the Examples
In the examples above, it has been shown that a higher order IM co-located with a lower order IM can overlap the UE downlink when the lower order IM does not. However this possibility does not necessarily mean that there is a self-desense problem for the given band combination.  Whether or not the higher order IM actually overlaps with the UE downlink for the given band combination will depend on the channel allocations within the two bands.  Furthermore, even if the higher order IM does overlap the own downlink, the power spectral density may be low for very large bandwidths so that there is no impact.  For this reason, we propose to leave it to the proponents of the various band combinations to decide whether or not to include the additional IM’s identified in Tables A1 and A2 in the co-existence analysis.

Proposal:  Let the proponents each band combination decide whether or not to include the additional IM’s in Tables A1 and A2 in the co-existence analysis.
3. Conclusion
In this contribution, we have shown some examples where the higher order higher order IM co-located with a lower order IM overlaps the UE downlink when the lower order IM does not.  However, this does not necessarily mean that there is a self-desense problem for the given band combinations.  Whether or not the higher order IM actually overlaps with the UE downlink for the given band combination will depend on the channel allocations within the two bands.  Furthermore, even if the higher order IM does overlap the own downlink, the power spectral density may be low for very large bandwidths so that there is no impact.  As a result, we propose the following.
Proposal:  Let the proponents of each band combination decide whether or not to include the additional IM’s in Tables A1 and A2 in the co-existence analysis.
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Appendix
A.1 Two-carrier fourth order non-linearity

The expansion of the two-carrier fourth-order non-linearity can be expressed as
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Table A1: IM Products and Harmonics due to 4th Order Non-linearity

	IM #
	Center Frequency
	IM Bandwidth
	Coefficient
	Power Relative to IM #3 (dB)

	1
	4*f1
	4*W1
	0.125
	-12.0

	2
	4*f2
	4*W2
	0.125
	-12.0

	3
	| 3*f1 - f2 |
	3*W1 + W2
	0.5
	0

	4
	| f1 - 3*f2 |
	W1 + 3*W2
	0.5
	0

	5
	3*f1 + f2
	3*W1 + W2
	0.5
	0

	6
	f1 + 3*f2
	W1 + 3*W2
	0.5
	0

	7
	| 2*f1 – 2*f2 |
	2*W1 + 2*W2
	0.75
	3.5

	8
	2*f1 + 2*f2
	2*W2 + 2*W1
	0.75
	3.5

	9
	| f1 – f2 |
	3*W1 + W2
	1.5
	9.5

	10
	| f1 – f2 |
	W1 + 3*W2
	1.5
	9.5

	11
	f1 + f2
	3*W1 + W2
	1.5
	9.5

	12
	f1 + f2
	W1 + 3*W2
	1.5
	9.5

	13
	2*f1
	4*W1
	0.5
	0

	14
	2*f1
	2*W1 + 2*W2
	1.5
	9.5

	15
	2*f2
	4*W2
	0.5
	0

	16
	2*f2
	2*W1 + 2*W2
	1.5
	9.5


A.2 Two-carrier fifth-order non-linearity

The expansion of the two-carrier fourth-order non-linearity can be expressed as
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Table A2: IM Products and Harmonics due to 5nd Order Non-linearity

	IM #
	Center Frequency
	IM Bandwidth
	Multiplicative Coefficient
	Power Relative to IM #3 (dB)

	1
	5*f1
	5*W1
	0.0625
	-14.0

	2
	5*f2
	5*W2
	0.0625
	-14.0

	3
	| 4*f1 - f2 |
	4*W1 + W2
	0.3125
	0

	4
	| f1 - 4*f2 |
	W1 + 4*W2
	0.3125
	0

	5
	4*f1 + f2
	4*W1 + W2
	0.3125
	0

	6
	f1 + 4*f2
	W1 + 4*W2
	0.3125
	0

	7
	| 3*f1 – 2*f2 |
	3*W1 + 2*W2
	0.625
	6.0

	8
	| 2*f1 – 3*f2 |
	2*W2 + 3*W1
	0.625
	6.0

	9
	3*f1 + 2*f2
	3*W1 + 2*W2
	0.625
	6.0

	10
	2*f1 + 3*f2
	2*W2 + 3*W1
	0.625
	6.0

	11
	3*f1
	5*W1
	0.3125
	0

	12
	3*f1
	3*W1 + 2*W2
	1.25
	12

	13
	3*f2
	5*W2
	0.3125
	0

	14
	3*f2
	2*W1 + 3*W2
	1.25
	12

	15
	| 2*f1 – f2 |
	4*W1 + W2
	1.25
	12

	16
	| 2*f1 – f2 |
	2*W1 + 3*W2
	1.875
	15.6

	17
	| f1 – 2*f2 |
	W1 + 4*W2
	1.25
	12

	18
	| f1 – 2*f2 |
	3*W1 + 2*W2
	1.875
	15.6

	19
	2*f1 + f2
	4*W1 + W2
	1.25
	12

	20
	2*f1 + f2
	2*W1 + 3*W2
	1.875
	15.6

	21
	f1 + 2*f2
	W1 + 4*W2
	1.25
	12

	22
	f1 + 2*f2
	3*W1 + 2*W2
	1.875
	15.6

	23
	f1
	5*W1
	0.625
	6.0

	24
	f1
	3*W1 + 2*W2
	3.75
	21.6

	25
	f1
	W1 + 4*W2
	1.875
	15.6

	26
	f2
	5*W2
	0.625
	6.0

	27
	f2
	2*W1 + 3*W2
	3.75
	21.6

	28
	f2
	4*W1 + W2
	1.875
	15.6
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