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1. Introduction

Recent co-existence studies for NSA NR have considered harmonics and intermodulation (IM) products up to at least 5th order to determine if they interfere with the UE downlink carrier [1] 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 or other bands 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 may have more power than the higher order IM products 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.
It can be noted that these co-located higher order IM’s are implicitly addressed in the TS 36.101 spurious emission exceptions in the form of expanded regions for harmonic exceptions due to spectral “spreading.”  The higher order co-located IM’s are also 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.
2. Higher Order IM Products Co-Located with Lower Order IM’s
In the Appendix, we expand the third, fourth, and fifth powers of a two carrier signal of the form
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2.1. Third Order Nonlinearity Intermodulation Products
The two carrier third-order nonlinearity 
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is expanded in Section A.1 of the Appendix.  The harmonics and IM products which result from the expansion can be found in Table 1.  The terms highlighted in yellow have typically not been included in co-existence studies.  However, it should be noted that multiplicative coefficients for the terms in yellow are at least as large as those for the IM terms normally included for the third order non-linearity.
Table 1: IM Products and Harmonics due to 3nd Order Non-linearity
	IM #
	Center Frequency
	IM Bandwidth
	Multiplicative Coefficient

	1
	3*f1
	3*W1
	0.25

	2
	3*f2
	3*W2
	0.25

	3
	| 2*f1 - f2 |
	2*W1 + W2
	0.75

	4
	| f1 - 2*f2 |
	W1 + 2*W2
	0.75

	5
	2*f1 + f2
	2*W1 + W2
	0.75

	6
	f1 + 2*f2
	W1 + 2*W2
	0.75

	7
	f1
	3*W1
	0.75

	8
	f1
	W1 + 2*W2
	1.5

	9
	f2
	3*W2
	0.75

	10
	f2
	2*W1 + W2
	1.5


The IM products 7 and 9 are the source of adjacent channel leakage in single carrier operation.  The IM products 8 and 10 occur only in dual-carrier operation and unless W1 and W2 are equal, one of these IM products will be wider than the corresponding IM for single carrier operation. 
If the multiplicative coefficient of each term is ignored, Table 1 can be simplified slightly as in Table 1a below.

Table 1a: IM Products and Harmonics due to 3nd Order Non-linearity
	IM #
	Center Frequency
	IM Bandwidth

	1
	3*f1
	3*W1

	2
	3*f2
	3*W2

	3
	| 2*f1 - f2 |
	2*W1 + W2

	4
	| f1 - 2*f2 |
	W1 + 2*W2

	5
	2*f1 + f2
	2*W1 + W2

	6
	f1 + 2*f2
	W1 + 2*W2

	7
	f1
	max(3*W1, W1 + 2*W2 )

	8
	f2
	max(3*W2, W2 + 2*W1 )


2.2. Fourth Order Nonlinearity Intermodulation Products
The two carrier fourth-order nonlinearity 
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is expanded in Section A.2 of the Appendix.  The harmonics and IM products which result from the expansion can be found in Table 2.  The terms highlighted in yellow (DC terms are excluded) have typically not been included in co-existence studies.  However, it should be noted that multiplicative coefficients for the terms in yellow are at least as large as those for the IM terms normally included for the fourth order non-linearity.

The IM terms 13 and 15 at 2*f1 and 2*f2, respectively, occur also in single carrier operation and have been addressed previously by allowing for spectral “spreading” when defining spurious exceptions for the second harmonic and also for defining Refsens relaxations for harmonics adjacent to the downlink allocation.  This spectral spreading is actually due to an IM term generated by a 4th order (or higher even order) non-linearity falling on top of the second harmonic.
Table 2: IM Products and Harmonics due to 4th Order Non-linearity

	IM #
	Center Frequency
	IM Bandwidth
	Multiplicative Coefficient

	1
	4*f1
	4*W1
	0.125

	2
	4*f2
	4*W2
	0.125

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

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

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

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

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

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

	9
	| f1 – f2 |
	3*W1 + W2
	1.5

	10
	| f1 – f2 |
	W1 + 3*W2
	1.5

	11
	f1 + f2
	3*W1 + W2
	1.5

	12
	f1 + f2
	W1 + 3*W2
	1.5

	13
	2*f1
	4*W1
	0.5

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

	15
	2*f2
	4*W2
	0.5

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

	17
	0
	4*W1
	0.375

	18
	0
	2*W1 + 2*W2
	1.5

	19
	0
	4*W2
	0.375


If the multiplicative coefficient of each term is ignored and the DC terms are removed, Table 2 can be simplified slightly as in Table 2a below.

Table 2a: IM Products and Harmonics due to 4th Order Non-linearity

	IM #
	Center Frequency
	IM Bandwidth

	1
	4*f1
	4*W1

	2
	4*f2
	4*W2

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

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

	5
	3*f1 + f2
	3*W1 + W2

	6
	f1 + 3*f2
	W1 + 3*W2

	7
	| 2*f1 – 2*f2 |
	2*W1 + 2*W2

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

	9
	| f1 – f2 |
	max(3*W1 + W2, W1 + 3*W2 )

	10
	f1 + f2
	max(3*W1 + W2, W1 + 3*W2)

	11
	2*f1
	max(4*W1, 2*W1 + 2*W2)

	12
	2*f2
	max(4*W2, 2*W1 + 2*W2)


2.3. Fifth Order Nonlinearity Intermodulation Products
The two carrier fifth-order nonlinearity 
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is expanded in Section A.3 of the Appendix.  The harmonics and IM products which result from the expansion can be found in Table 3.  The terms highlighted in yellow have typically not been included in co-existence studies.  However, it should be noted that multiplicative coefficients for the terms in yellow are at least as large as those for the IM terms normally included for the fifth order non-linearity.

The IM terms 11 and 13 at 3*f1 and 3*f2, respectively, occur also in single carrier operation and have been addressed previously by allowing for spectral “spreading” when defining spurious exceptions for the third harmonic and also for defining Refsens relaxations for harmonics adjacent to the downlink allocation.    This spectral spreading is actually due to an IM term generated by a 5th order (or higher odd order) non-linearity falling on top of the third harmonic.

Table 3: IM Products and Harmonics due to 5nd Order Non-linearity

	IM #
	Center Frequency
	IM Bandwidth
	Multiplicative Coefficient

	1
	5*f1
	5*W1
	0.0625

	2
	5*f2
	5*W2
	0.0625

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

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

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

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

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

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

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

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

	11
	3*f1
	5*W1
	0.3125

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

	13
	3*f2
	5*W2
	0.3125

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

	15
	| 2*f1 – f2 |
	4*W1 + W2
	1.25

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

	17
	| f1 – 2*f2 |
	W1 + 4*W2
	1.25

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

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

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

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

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

	23
	f1
	5*W1
	0.625

	24
	f1
	3*W1 + 2*W2
	3.75

	25
	f1
	W1 + 4*W2
	1.875

	26
	f2
	5*W2
	0.625

	27
	f2
	2*W1 + 3*W2
	3.75

	28
	f2
	4*W1 + W2
	1.875


If the multiplicative coefficient of each term is ignored, Table 3 can be simplified slightly as in Table 3a below.

Table 3a: IM Products and Harmonics due to 5nd Order Non-linearity

	IM #
	Center Frequency
	IM Bandwidth

	1
	5*f1
	5*W1

	2
	5*f2
	5*W2

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

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

	5
	4*f1 + f2
	4*W1 + W2

	6
	f1 + 4*f2
	W1 + 4*W2

	7
	| 3*f1 – 2*f2 |
	3*W1 + 2*W2

	8
	| 2*f1 – 3*f2 |
	2*W2 + 3*W1

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

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

	11
	3*f1
	max(5*W1, 3*W1 + 2*W2)

	12
	3*f2
	max(5*W2, 2*W1 + 3*W2)

	13
	| 2*f1 – f2 |
	max(4*W1 + W2, 2*W1 + 3*W2)

	14
	| f1 – 2*f2 |
	max(W1 + 4*W2, 3*W1 + 2*W2)

	15
	2*f1 + f2
	max(4*W1 + W2, 2*W1 + 3*W2)

	16
	f1 + 2*f2
	max(W1 + 4*W2, 3*W1 + 2*W2)

	17
	f1
	max(5*W1, 3*W1 + 2*W2, W1 + 4*W2)

	18
	f2
	max(5*W2, 2*W1 + 3*W2, 4*W1 + W2)


3. Conclusion
In this contribution, the two-carrier third, fourth and fifth order nonlinearities have been expanded in order to fully enumerate all of the intermodulation terms and harmonics resulting from these nonlinearities.  Recent co-existence studies for NSA NR have generally not included the IM products generated by higher order non-linearities which fall on top of IM products generated by lower order non-linearities.  However, as these co-located higher order IM products may have more power than the higher order IM products which are not co-located with lower order IM’s, they should also be included in the NSA NR co-existence studies.   Thus, it is proposed that the IM products highlighted in yellow in Tables 1, 2, and 3 be considered for inclusion in the NSA NR co-existence analysis.
Proposal:  It is proposed that the IM products highlighted in yellow in Tables 1-3 be considered for inclusion in the NSA NR co-existence analysis.
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Appendix
A.1 Two-carrier third order non-linearity

The expansion of the two-carrier third-order nonlinearity can be expresses as the following:
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A.2 Two-carrier fourth order non-linearity

The expansion of the two-carrier fourth-order non-linearity can be expressed as
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and can be similarly expressed as
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Summing the two expressions and dividing by two yields
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Performing the summation and combining terms yields the following expansion:
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A.3 Two-carrier fifth-order non-linearity

The expansion of the two-carrier fourth-order non-linearity can be expressed as
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and can similarly be expressed as
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Summing the two expressions and dividing by two yields
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Performing the summation and combining terms yields the following expansion:


[image: image19.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

5

1122

5

11

4

1212

4

1212

32

1212

32

1212

23

1221

23

1221

4

12

coscos

0.0625cos5

0.3125cos4

0.3125cos4

0.625cos32

0.625cos32

0.625cos32

0.625cos32

0.3125

attatt

att

atatt

atatt

atatt

atatt

atatt

atatt

atat

ww

w

ww

ww

ww

ww

ww

ww

+=

+

-+

++

-+

++

-+

++

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

21

4

1221

5

22

532

1121

423

121212

423

121212

324

121221

1

cos4

0.3125cos4

0.0625cos5

0.31251.25cos3

1.251.875cos2

1.251.875cos2

1.8751.25cos2

1.875

t

atatt

att

atatatt

atatatatt

atatatatt

atatatatt

at

ww

ww

w

w

ww

ww

ww

-+

++

+

++

+-+

+++

+-+

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

324

21221

235

1222

5324

112121

4235

121222

1.25cos2

1.250.3125cos3

0.6253.751.875cos

1.8753.750.625cos

atatatt

atatatt

atatatatatt

atatatatatt

ww

w

w

w

+++

++

+++

++





- 1/11 -

_1577270396.unknown

_1577270401.unknown

_1577270403.unknown

_1577270405.unknown

_1577270407.unknown

_1577270408.unknown

_1577270406.unknown

_1577270404.unknown

_1577270402.unknown

_1577270399.unknown

_1577270400.unknown

_1577270398.unknown

_1577270392.unknown

_1577270394.unknown

_1577270395.unknown

_1577270393.unknown

_1577270390.unknown

_1577270391.unknown

_1577270389.unknown

