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1. Introduction
In RAN #59, new work items for LTE Advanced dual uplink inter-band Carrier Aggregation were agreed to define the technical specifications. Last meeting, some proposals present the initial analysis for inter-band CA harmonics and intermodulation products [1] [2]. In order to simplify harmonics and intermodulation products analysis, we propose a general coexistence analysis table for inter-band CA with 2UL. This can help us to unify the analysis result and speed up the work item process.
2. Discussion
Last meeting, we discussed some initial topics for inter-band CA with 2UL, including harmonics and IMD products analysis, coexistence with navigation system, and others. In the TR for inter-band CA with 1UL/2DLs, we find the harmonics and intermodulation products analysis seems a little messy, because of different IMD analysis tables. Therefore, we think it’s necessary to propose a general coexistence analysis table for inter-band CA with 2UL. We show an example of inter-band CA with 2UL coexistence analysis, and present the general coexistence analysis table.
Usually, we need to analyze coexistence for UE and BS with 2ULs/2DLs. Figure 1 shows tone representation of inter-band CA with 2 ULs
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Figure 1 Tone representation of inter-band CA with 2 ULs
Where a few parameters are defined as below,

f1low: Uplink carrier 1 low frequency
f2low: Uplink carrier 2 low frequency
f1high: Uplink carrier 1 high frequency
f2high: Uplink carrier 2 high frequency
FBW: Bandwidth of the operation band

BWmax: Maximum channel bandwidth
For the 2nd and 3rd harmonics caused in the UE by transmitting of Band 1 and Band 2 UL carriers can be calculated as below,
	UL frequency
	f1_low
	f1_high
	f2_low
	f2_high

	2nd harmonics
	2*f1_low
	2*f1_high
	2* f2_low
	2* f2_high

	3rd harmonics
	3*f1_low
	3* f1_high
	3* f2_low
	3* f2_high


For intermodulation products, we mainly focus on the 2nd and 3rd intermodulation products. We can get the 2nd intermodulation frequency range as follow,
	UL frequency
	f1_low
	f1_high
	f2_low
	f2_high

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|


For the 3rd intermodulation frequency range, we can discuss for two tones and three tones. According to Figure 1, we can get two-tone 3rd intermodulation frequency range as follow,
	UL frequency (MHz)
	f1_low
	f1_high
	f2_low
	f2_high

	Two-tone 3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	Two-tone 3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|


There are two cases for three-tone 3rd intermodulation calculation, one is using maximum channel bandwidth to calculate and the other is using frequency bandwidth to calculate. The frequency range of the first one is larger than the second one, due to the difference between maximum channel bandwidth and frequency bandwidth. And the first one is more suitable for intermodulation products analysis, because of the channel bandwidth limit. According to Figure 1, we can get three-tone 3rd intermodulation frequency range as follow,
	UL frequency
	f1_low
	f1_high
	f2_low
	f2_high

	Three-tone 3rd order IMD products
	|f1_low – f2_BWmax|
	|f1_high + f2_BWmax|
	|f2_low – f1_BWmax|
	|f2_high + f1_BWmax|


Based on the above analysis, we summarize a general coexistence analysis table for inter-band CA with 2UL, as Table 1 shows. This coexistence analysis table applies to UE with 2UL and BS with 2DL.
Table 1: Band x and Band y UL/DL harmonics and IMD products

	UE UL/BS DL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL/DL frequency (MHz)
	
	
	
	

	2nd harmonics frequency limits (MHz) 
	
	
	
	

	3rd harmonics frequency limits (MHz)
	
	
	
	

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

	IMD frequency limits (MHz)
	
	
	
	

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	
	
	
	

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	
	
	
	

	Three-tone 3rd order IMD products
	|fx_low – fy_BWmax|
	|fx_high + fy_BWmax|
	|fy_low – fx_BWmax|
	|fy_high + fx_BWmax|

	IMD frequency limits (MHz)
	
	
	
	


3. Conclusion
In this contribution, we analyze how to calculate harmonics and intermodulation products and propose a general coexistence analysis table for inter-band CA with 2UL.
4. References

[1] R4-131142, “Coexistence studies for 2UL/2DL with class A1”, ZTE
[2] R4-131383, “UE-to-UE coexistence study with Harmonics and IMD analysis for 2UL inter-band CA_1A-5A UE”, LG Electronics
************************ Start of the text proposal for TR 36.860 ******************************
5.2

UE specific 
<Text will be added.>
5.2.1

UE Coexistence requirements for Dual UL CA when the aggregated bands are from different regions 

A general harmonics and IMD coexistence analysis table for inter-band CA with 2UL is given in table 5.2.1-1.
Table 5.2.1-1: Band x and Band y UL/DL harmonics and IMD products

	UE UL/BS DL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL/DL frequency (MHz)
	
	
	
	

	2nd harmonics frequency limits (MHz) 
	
	
	
	

	3rd harmonics frequency limits (MHz)
	
	
	
	

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

	IMD frequency limits (MHz)
	
	
	
	

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	
	
	
	

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	
	
	
	

	Three-tone 3rd order IMD products
	|fx_low – fy_BWmax|
	|fx_high + fy_BWmax|
	|fy_low – fx_BWmax|
	|fy_high + fx_BWmax|

	IMD frequency limits (MHz)
	
	
	
	


************************ End of the text proposal for TR 36.860 ******************************
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