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1 Introduction
In RAN4 #50 meeting, prioritized deployment scenarios for LTE-A studies were provided by operators [1]. Additionally, 4 out of the 12 prioritized scenarios were further agreed to be initially investigated for ITU-R submission. These scenarios include not only intra band carrier aggregation but also inter band carrier aggregation. 
Accordingly, in addition to harmonics, the effects of inter-modulations can be severe in LTE-A deployment scenarios so that this issue needs to be carefully examined. In this contribution, we provide initial analysis on harmonics and inter-modulation in deployment scenarios for ITU-R submission. The analysis on UE transmission case will be dealt in another contribution [2].
2 Analysis on harmonics and inter-modulation
Four scenarios for ITU-R submission are summarized in Table 1. We focus on scenario 7 and 10 where the multi band carrier aggregation causes severe inter-modulation. 

Table 1. Deployment scenarios for ITU-R submission
	Scenario No.
	Deployment scenario
	Transmission BW
	Number of component carriers
	Bands for LTE-A carriers
	Duplex modes

	1
	Single band contiguous carrier aggregation @ 3.5GHz band
	UL: 40MHz

DL: 80MHz
	UL: 2X20MHz CCs
DL: 4X20MHz CCs
	3.5GHz band
	FDD

	2
	Single band contiguous carrier aggregation @ Band 40
	100MHz
	5X20MHz CCs
	Band 40 (2.3GHz)
	TDD

	7
	Multi band non-contiguous carrier aggregation @ Band 1, 3, and 7
	UL: 40MHz
DL: 40MHz
	10MHz CC @ Band 1
10MHz CC @ Band 3

20MHz CC @ Band 7
	Band 3 (2.3GHz)

Band 1 (2.1GHz)

Band 7 (2.6GHz)
	FDD

	10
	Multi band non-contiguous carrier aggregation @ Band 34, 39, and 40
	90MHz
	2X20MHz CCs
10MHz CC

2X20MHz CCs
	Band 39 (1.8GHz)

Band 34 (2.1GHz)

Band 40 (2.3GHz)
	TDD


Our initial analysis would provide lists of possible victim operating bands when LTE-A multi band carrier aggregation generates harmonics and inter-modulations. These lists could be materials for further considerations on additional co-existence or co-location requirements for LTE-A carrier aggregation.
Analysis on scenario 7
This scenario is for the multi band (Band 1, 3, and 7) carrier aggregation case so that inter-modulations and harmonics may considerably affect other operating bands. Table 2 and 3 present the summarization of DL operating bands and UL operating bands that can be affected by harmonics and inter-modulation, respectively. 
Band_low and Band_high also represent the lowest and the highest frequency of the victim’s operating band, respectively. Freq_low indicates the lowest frequency where a specific harmonic or inter-modulation can appear. Freq_high means the highest one. Accordingly, a specific harmonic or inter-modulation would exist in a frequency range between Freq_low and Freq_high.
If victim’s frequency position is located between Freq_low and Freq_high, it means that the victim has possibility to suffer from the corresponding harmonics or inter-modulations. On the other side, when a frequency position is outside of the range between Freq_low and Freq_high, it would be safe from the corresponding harmonics or inter-modulations.
Table 2. Inter-modulation and harmonics that affect DL operating bands in scenario 7
	Order
	Order description
	Freq_low(GHz)
	Freq_high(GHz)
	Victim's band
	Band_low(GHz)
	Band_high(GHz)

	3
	Band3 - Band1 + Band7
	2.255
	2.4
	Band40
	2.3
	2.4

	
	2*Band1 - Band3
	2.39
	2.535
	
	
	

	
	2*Band3 - Band7
	0.92
	1.14
	Band8
	0.925
	0.96

	
	2*Band3 - Band1
	1.44
	1.6
	Band11
	1.4759
	1.5009

	4
	2*Band1 - 2*Band3
	0.46
	0.73
	Band12
	0.728
	0.746

	
	2*Band7 - 2*Band3
	1.48
	1.77
	Band11
	1.4759
	1.5009

	
	2*Band7 - 2*Band1
	0.9
	1.16
	Band8
	0.925
	0.96

	5
	3*Band1 - 2*Band7
	0.949999
	1.27
	Band8
	0.925
	0.96

	
	3*Band1 - Band3 - Band7
	1.76
	2.01
	Band34
	2.01
	2.025

	
	
	
	
	Band2
	1.93
	1.99

	
	
	
	
	Band3
	1.805
	1.88

	
	
	
	
	Band9
	1.8449
	1.8799

	
	
	
	
	Band33
	1.9
	1.92

	
	
	
	
	Band35
	1.85
	1.91

	
	
	
	
	Band36
	1.93
	1.99

	
	
	
	
	Band37
	1.91
	1.93

	
	
	
	
	Band39
	1.88
	1.92

	
	2*Band3 - 2*Band1 + Band7
	2.01
	2.23
	Band34
	2.01
	2.025

	
	
	
	
	Band1
	2.11
	2.17

	
	
	
	
	Band4
	2.11
	2.155

	
	
	
	
	Band10
	2.11
	2.17

	
	
	
	
	Band7
	2.62
	2.69

	
	
	
	
	Band38
	2.57
	2.62

	
	2*Band1 + Band3 - 2*Band7
	0.555
	0.86
	Band 12
	0.728
	0.746

	
	
	
	
	Band13
	0.746
	0.756

	
	
	
	
	Band14
	0.758
	0.768

	
	
	
	
	Band17
	0.734
	0.746

	
	3*Band3 - Band1 - Band7
	0.644999
	0.98
	Band5
	0.869
	0.894

	
	
	
	
	Band6
	0.875
	0.885

	
	
	
	
	Band8
	0.925
	0.96

	
	
	
	
	Band12
	0.728
	0.746

	
	
	
	
	Band13
	0.746
	0.756

	
	
	
	
	Band14
	0.758
	0.768

	
	
	
	
	Band17
	0.734
	0.746


Table 3. Inter-modulation and harmonics that affect UL operating bands in scenario 7
	Order
	Order description
	Freq_low(GHz)
	Freq_high(GHz)
	Victim's band
	Band_low(GHz)
	Band_high(GHz)

	3
	Band1 + Band3 - Band7
	1.225
	1.43
	Baand11
	1.4279
	1.4529

	
	2*Band3 - Band1
	1.44
	1.6
	
	
	

	
	2*Band1 - Band7
	1.53
	1.72
	Band3
	1.71
	1.785

	
	
	
	
	Band4
	1.71
	1.755

	
	
	
	
	Band10
	1.71
	1.77

	
	Band3 - Band1 + Band7
	2.255
	2.4
	Band40
	2.3
	2.4

	
	2*Band1 - Band3
	2.39
	2.535
	Band7
	2.5
	2.57

	
	
	
	
	Band40
	2.3
	2.4

	4
	2*Band7 - 2*Band1
	0.9
	1.16
	Band8
	0.88
	0.915

	
	2*Band7 - 2*Band3
	1.48
	1.77
	Band3
	1.71
	1.785

	
	
	
	
	Band9
	1.7499
	1.7849

	
	
	
	
	Band10
	1.71
	1.77

	
	
	
	
	Band4
	1.71
	1.755

	
	2*Band1 - 2*Band3
	0.46
	0.73
	Band12
	0.698
	0.716

	
	
	
	
	Band17
	0.704
	0.716

	
	2*Band7 - Band1 - Band3
	1.19
	1.465
	Band11
	1.4279
	1.4529

	5
	3*Band1 - Band3 - Band7
	1.76
	2.01
	Band1
	1.92
	1.98

	
	
	
	
	Band2
	1.85
	1.91

	
	
	
	
	Band3
	1.71
	1.785

	
	
	
	
	Band9
	1.7499
	1.7849

	
	
	
	
	Band10
	1.71
	1.77

	
	
	
	
	Band33
	1.9
	1.92

	
	
	
	
	Band34
	2.01
	2.025

	
	
	
	
	Band35
	1.85
	1.91

	
	
	
	
	Band36
	1.93
	1.99

	
	
	
	
	Band37
	1.91
	1.93

	
	
	
	
	Band39
	1.88
	1.92

	
	2*Band3 - 2*Band1 + Band7
	2.01
	2.23
	Band34
	2.01
	2.025

	
	3*Band1 - 2*Band3
	2.57
	2.845
	Band7
	2.5
	2.57

	
	
	
	
	Band38
	2.57
	2.62

	
	2*Band1 + Band3 - 2*Band7
	0.555
	0.86
	Band5
	0.824
	0.849

	
	
	
	
	Band6
	0.83
	0.84

	
	
	
	
	Band12
	0.698
	0.716

	
	
	
	
	Band13
	0.777
	0.787

	
	
	
	
	Band14
	0.788
	0.798

	
	
	
	
	Band17
	0.704
	0.716

	
	3*Band3 - Band1 - Band7
	0.644999
	0.98
	Band5
	0.824
	0.849

	
	
	
	
	Band6
	0.83
	0.84

	
	
	
	
	Band8
	0.88
	0.915

	
	
	
	
	Band12
	0.698
	0.716

	
	
	
	
	Band13
	0.777
	0.787

	
	
	
	
	Band14
	0.788
	0.798

	
	
	
	
	Band17
	0.704
	0.716


We can find that harmonics from each band do not affect other E-UTRA DL/UL operating bands from Table 2 and 3. On the contrary, inter-modulation components generated from multi band carrier aggregation is largely spread so that they may act as interference to other operating bands. We note that inter-modulations with the 5th order can act as interference to large number of operating bands over various frequency regions.
 Analysis on scenario 10

This scenario is also for the multi band (Band 34, 39, and 40) carrier aggregation. Table 4 and 5 summarize the DL operating bands and UL operating bands that can be affected by harmonics and inter-modulation, respectively.

Harmonics are not so critical interferer to E-UTRA operating bands as results shown in scenario 7. In addition, each of inter-modulations with the 3rd, 4th, and 5th order can cause interference to various operating bands while 5th order inter-modulations are considerable interferers for other operating bands in Tables of scenario 7. 
The 3rd and 5th order inter-modulations can cause interference to operating bands which occupy frequency region higher than 1 GHz and the 4th order ones mainly appear in the frequency region lower than 1 GHz. 
Table 4. Inter-modulation and harmonics that affect DL operating bands in scenario 10
	Order
	Order description
	Freq_low(GHz)
	Freq_high(GHz)
	Victim's band
	Band_low(GHz)
	Band_high(GHz)

	3
	Band34 + Band39 - Band40
	1.49
	1.645
	Band11
	1.4759
	1.5009

	
	2*Band39 - Band34
	1.735
	1.83
	Band3
	1.805
	1.88

	
	2*Band34 - Band39
	2.1
	2.17
	Band1
	2.11
	2.17

	
	
	
	
	Band4
	2.11
	2.155

	
	
	
	
	Band10
	2.11
	2.17

	
	Band39 - Band34 + Band40
	2.17
	2.31
	Band1
	2.11
	2.17

	
	
	
	
	Band10
	2.11
	2.17

	
	
	
	
	Band40
	2.3
	2.4

	
	Band34 - Band39 + Band40
	2.39
	2.545
	Band40
	2.3
	2.4

	
	2*Band40 - Band34
	2.575
	2.79
	Band7
	2.62
	2.69

	
	
	
	
	Band38
	2.57
	2.62

	
	2*Band40 - Band39
	2.68
	2.92
	Band7
	2.62
	2.69

	
	2*Band39 - Band40
	1.36
	1.54
	Band11
	1.4759
	1.5009

	4
	2*Band40 - 2*Band39
	0.76
	1.04
	Band14
	0.758
	0.768

	
	
	
	
	Band5
	0.869
	0.894

	
	
	
	
	Band6
	0.875
	0.885

	
	
	
	
	Band8
	0.925
	0.96

	
	2*Band40 - 2*Band34
	0.55
	0.78
	Band12
	0.728
	0.746

	
	
	
	
	Band13
	0.746
	0.756

	
	
	
	
	Band14
	0.758
	0.768

	
	
	
	
	Band17
	0.734
	0.746

	
	2*Band40 - Band34 - Band39
	0.655
	0.91
	Band5
	0.869
	0.894

	
	
	
	
	Band6
	0.875
	0.885

	
	
	
	
	Band12
	0.728
	0.746

	
	
	
	
	Band13
	0.746
	0.756

	
	
	
	
	Band14
	0.758
	0.768

	
	
	
	
	Band17
	0.734
	0.746

	5
	3*Band34 - Band39 - Band40
	1.74
	1.895
	Band35
	1.85
	1.91

	
	
	
	
	Band39
	1.88
	1.92

	
	
	
	
	Band3
	1.805
	1.88

	
	
	
	
	Band9
	1.8449
	1.8799

	
	2*Band39 - 2*Band34 + Band40
	2.01
	2.19
	Band1
	2.11
	2.17

	
	
	
	
	Band4
	2.11
	2.155

	
	
	
	
	Band10
	2.11
	2.17

	
	
	
	
	Band34
	2.01
	2.025

	
	3*Band34 - 2*Band39
	2.19
	2.315
	Band40
	2.3
	2.4

	
	Band39 - 2*Band34 + 2*Band40
	2.43
	2.67
	Band7
	2.62
	2.69

	
	
	
	
	Band38
	2.57
	2.62

	
	3*Band39 - 2*Band40
	0.84
	1.16
	Band5
	0.869
	0.894

	
	
	
	
	Band6
	0.875
	0.885

	
	
	
	
	Band8
	0.925
	0.96

	
	2*Band34 - 2*Band39 + Band40
	2.5
	2.7
	Band7
	2.62
	2.69


Table 5. Inter-modulation and harmonics that affect UL operating bands in scenario 10
	Order
	Order description
	Freq_low(GHz)
	Freq_high(GHz)
	Victim's band
	Band_low(GHz)
	Band_high(GHz)

	3

	2*Band34 - Band40
	1.62
	1.75
	Band3
	1.71
	1.785

	
	
	
	
	Band4
	1.71
	1.755

	
	
	
	
	Band9
	1.7499
	1.7849

	
	
	
	
	Band10
	1.71
	1.77

	
	2*Band39 - Band34
	1.735
	1.83
	Band3
	1.71
	1.785

	
	
	
	
	Band4
	1.71
	1.755

	
	
	
	
	Band9
	1.7499
	1.7849

	
	
	
	
	Band10
	1.71
	1.77

	
	Band39 - Band34 + Band40
	2.17
	2.31
	Band40
	2.3
	2.4

	
	Band34 - Band39 + Band40
	2.39
	2.545
	Band7
	2.5
	2.57

	
	
	
	
	Band40
	2.3
	2.4

	
	2*Band40 - Band34
	2.575
	2.79
	Band38
	2.57
	2.62

	
	2*Band39 - Band40
	1.36
	1.54
	Band11
	1.4279
	1.4529

	4
	2*Band40 - 2*Band34
	0.55
	0.78
	Band12
	0.698
	0.716

	
	
	
	
	Band13
	0.777
	0.787

	
	
	
	
	Band17
	0.704
	0.716

	
	2*Band40 - Band34 - Band39
	0.655
	0.91
	Band5
	0.824
	0.849

	
	
	
	
	Band6
	0.83
	0.84

	
	
	
	
	Band8
	0.88
	0.915

	
	
	
	
	Band12
	0.698
	0.716

	
	
	
	
	Band13
	0.777
	0.787

	
	
	
	
	Band14
	0.788
	0.798

	
	
	
	
	Band17
	0.704
	0.716

	
	2*Band40 - 2*Band39
	0.76
	1.04
	Band5
	0.824
	0.849

	
	
	
	
	Band6
	0.83
	0.84

	
	
	
	
	Band8
	0.88
	0.915

	
	
	
	
	Band13
	0.777
	0.787

	
	
	
	
	Band14
	0.788
	0.798

	5
	3*Band39 - 2*Band40
	0.84
	1.16
	Band5
	0.824
	0.849

	
	
	
	
	Band6
	0.83
	0.84

	
	
	
	
	Band8
	0.88
	0.915

	
	3*Band39 - Band34 - Band40
	1.215
	1.435
	Band11
	1.4279
	1.4529

	
	3*Band39 - 2*Band34
	1.59
	1.74
	Band3
	1.71
	1.785

	
	
	
	
	Band4
	1.71
	1.755

	
	
	
	
	Band10
	1.71
	1.77

	
	3*Band34 - Band39 - Band40
	1.74
	1.895
	Band2
	1.85
	1.91

	
	
	
	
	Band3
	1.71
	1.785

	
	
	
	
	Band4
	1.71
	1.755

	
	
	
	
	Band10
	1.71
	1.77

	
	
	
	
	Band35
	1.85
	1.91

	
	
	
	
	Band39
	1.88
	1.92

	
	
	
	
	Band34
	2.01
	2.025

	
	3*Band34 - 2*Band39
	2.19
	2.315
	Band40
	2.3
	2.4

	
	2*Band34 - 2*Band39 + Band40
	2.5
	2.7
	Band7
	2.5
	2.57

	
	
	
	
	Band38
	2.57
	2.62

	
	3*Band34 - 2*Band40
	1.23
	1.475
	Band11
	1.4279
	1.4529

	
	3*Band34 - Band39 - Band40
	1.74
	1.895
	Band9
	1.7499
	1.7849

	
	Band39 - 2*Band34 + 2*Band40
	2.43
	2.67
	Band7
	2.5
	2.57

	
	
	
	
	Band38
	2.57
	2.62


3 Conclusion
In this contribution, initial analysis on harmonics and inter-modulation are provided in consideration of LTE-A deployment scenario 7 and 10 where multi band non-contiguous carrier aggregations are applied. The results show that inter-modulation components generated from multi band carrier aggregation have a possibility to affect various DL/UL operating bands. Initial results in our analysis are derived based on the frequency range where harmonics or inter-modulations can appear. We believe that further considerations on this issue such as power of these harmonics and inter-modulations and the evaluation of their effects on other operating bands would be required.
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