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1 Introduction
LTE dual uplink inter-band CA class A5 was approved in RAN#59 [1]. This contribution presents harmonic and intermodulation analysis for current A5 band combination, B1+B21. 
2 Discussion
The frequencies for B1+B21 are the following:

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-21
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9MHz
	


In previous meeting there was quite a lot discussion on up to which order of intermodulation RAN4 should investigate. Intermodulation up to 5th order is calculated. In case it turns out that more orders are needed, then those can be easily calculated. 
Table 1 Dual Uplink CA B1+B21 intermodulation
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	1447.9
	1462.9

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

	IMD frequency range (MHz)
	457.1 to 532.1
	3367.9 to 3442.9

	

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

	IMD frequency range (MHz)
	2377.1 to 2512.1
	915.8 to 1005.8

	

	3th order IMD products
	|2*f1_low +f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2* f2_high + f1_high|

	IMD frequency range (MHz)
	5287.9 to 5422.9
	4815.8 to 4905.8

	

	4th order IMD products
	|2*f1_low – 2*f2_high|
	|2*f1_high – 2*f2_low|

	IMD frequency range (MHz)
	914.2 to 1064.2

	

	4th order IMD products
	|2*f1_low + 2*f2_low|
	|2*f1_high + 2*f2_high|

	IMD frequency range (MHz)
	6735.8 to 6885.8

	

	4th order IMD products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3* f2_high – f1_low|

	IMD frequency range (MHz)
	4297.1 to 4492.1
	2363.7 to 2468.7

	

	4th order IMD products
	|3*f1_low + f2_low|
	|3*f1_high + f2_high|
	|3*f2_low + f1_low|
	|3* f2_high + f1_high|

	IMD frequency range (MHz)
	7207.9 to 7402.9
	6263.7 to 6368.7

	

	5th order IMD products
	|3*f1_low – 2*f2_high|
	|3*f1_high – 2*f2_low|
	|3*f2_low – 2*f1_high|
	|3* f2_high – 2*f1_low|

	IMD frequency range (MHz)
	2834.2 to 3044.2
	383.7 to 548.7

	

	5th order IMD products
	|3*f1_low + 2*f2_low|
	|3*f1_high + 2*f2_high|
	|3*f2_low + 2*f1_low|
	|3* f2_high + 2*f1_high|

	IMD frequency range (MHz)
	8655.8 to 8865.8
	8183.7 to 8348.7

	

	5th order IMD products
	|4*f1_low – f2_high|
	|4*f1_high – f2_low|
	|4*f2_low – f1_high|
	|4* f2_high – f1_low|

	IMD frequency range (MHz)
	6217.1 to 6472.1
	3811.6 to 3931.6

	

	5th order IMD products
	|4*f1_low + f2_low|
	|4*f1_high + f2_high|
	|4*f2_low + f1_low|
	|4* f2_high + f1_high|

	IMD frequency range (MHz)
	9127.9 to 9382.9
	7711.6 to 7831.6


From the table above it can be seen that there are no intermodulation products that overlap with own RX bands. 
Table 2 Dual uplink CA B1+B21 harmonics

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	1447.9
	1462.9

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

	Harmonic frequency range (MHz)
	3840 to 3960
	2895.8 to 2925.8

	

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

	Harmonic frequency range (MHz)
	5760 to 5940
	4343.7 to 4388.7


From the table above it can be seen that no harmonics overlap with own RX bands. In general, RAN4 needs to discuss whether harmonic analysis results are included in dual uplink TR or not. In technical sense the frequencies do not change compared to DL CA. However, there is not harmonic analysis done for all DL CA band combinations in current DL CA TR (36.851).
3 Conclusion
There is no harmonic or intermodulation issue with own RX band for dual uplink inter-band CA band combination B1+B21. In general, RAN4 needs to discuss whether harmonic analysis results are included in dual uplink TR or not.
4 References
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Class A5. Combinations not classified in A1-A4

10.1
Specific issue for dual uplink inter-band CA class A5
10.1.1 Dual uplink inter-band CA class A5 operating bands

E-UTRA dual uplink inter-band carrier aggregation class A5 is designed to operate in the operating bands defined in table 10.1.1-1

Table 10.1.1-1 Dual Uplink Inter-band CA class A5 operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-21
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9MHz
	


10.2
LTE-Advanced Carrier Aggregation of Band 1 and Band 21
10.2.1 UL Harmonics and Intermodulation
Intermodulation up to 5th order is calculated. In case it turns out that more orders are needed, then those can be easily calculated. 
Table 10.2.1-1 Dual Uplink CA B1+B21 intermodulation

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	1447.9
	1462.9

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

	IMD frequency range (MHz)
	457.1 to 532.1
	3367.9 to 3442.9

	

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

	IMD frequency range (MHz)
	2377.1 to 2512.1
	915.8 to 1005.8

	

	3th order IMD products
	|2*f1_low +f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2* f2_high + f1_high|

	IMD frequency range (MHz)
	5287.9 to 5422.9
	4815.8 to 4905.8

	

	4th order IMD products
	|2*f1_low – 2*f2_high|
	|2*f1_high – 2*f2_low|

	IMD frequency range (MHz)
	914.2 to 1064.2

	

	4th order IMD products
	|2*f1_low + 2*f2_low|
	|2*f1_high + 2*f2_high|

	IMD frequency range (MHz)
	6735.8 to 6885.8

	

	4th order IMD products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3* f2_high – f1_low|

	IMD frequency range (MHz)
	4297.1 to 4492.1
	2363.7 to 2468.7

	

	4th order IMD products
	|3*f1_low + f2_low|
	|3*f1_high + f2_high|
	|3*f2_low + f1_low|
	|3* f2_high + f1_high|

	IMD frequency range (MHz)
	7207.9 to 7402.9
	6263.7 to 6368.7

	

	5th order IMD products
	|3*f1_low – 2*f2_high|
	|3*f1_high – 2*f2_low|
	|3*f2_low – 2*f1_high|
	|3* f2_high – 2*f1_low|

	IMD frequency range (MHz)
	2834.2 to 3044.2
	383.7 to 548.7

	

	5th order IMD products
	|3*f1_low + 2*f2_low|
	|3*f1_high + 2*f2_high|
	|3*f2_low + 2*f1_low|
	|3* f2_high + 2*f1_high|

	IMD frequency range (MHz)
	8655.8 to 8865.8
	8183.7 to 8348.7

	

	5th order IMD products
	|4*f1_low – f2_high|
	|4*f1_high – f2_low|
	|4*f2_low – f1_high|
	|4* f2_high – f1_low|

	IMD frequency range (MHz)
	6217.1 to 6472.1
	3811.6 to 3931.6

	

	5th order IMD products
	|4*f1_low + f2_low|
	|4*f1_high + f2_high|
	|4*f2_low + f1_low|
	|4* f2_high + f1_high|

	IMD frequency range (MHz)
	9127.9 to 9382.9
	7711.6 to 7831.6


From the table above it can be seen that there are no intermodulation products that overlap with own RX bands. 

Table 10.2.1-2 Dual uplink CA B1+B21 harmonics

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	1447.9
	1462.9

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

	Harmonic frequency range (MHz)
	3840 to 3960
	2895.8 to 2925.8

	

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

	Harmonic frequency range (MHz)
	5760 to 5940
	4343.7 to 4388.7


From the table above it can be seen that no harmonics overlap with own RX bands.
