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1   
Introduction
A new work item on LTE Advanced 3 Band Carrier Aggregation (3DL/3UL) of Band 39, Band 41 and Band 41 was set up in RAN#69 [1]. This contribution provides a text proposal on co-existence study for CA_39A-41C for TR 36.899. 
2
Discussion

For BS supporting 3DL inter-band CA of Band 39, Band 41 and Band 41, the DL harmonic and intermodulation product analysis has been done in TR 36.853.  Corresponding suggestion can be reused. 
For UE supporting 3UL inter-band CA of Band 39, Band 41 and Band 41, the 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products are calculated and presented in following tables.

Table 2-1: Harmonics and IMD products analysis for CA_39A_41C
	UE UL carriers
	Fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1880
	1920
	2496
	2690

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3760 – 3840
	4992 – 5380

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5640 – 5760
	7488 – 8070

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

	IMD frequency limits (MHz)
	576-810
	4376 – 4610

	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)
	1070 – 1344
	3072 – 3500

	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)
	6256 – 6530
	6872 – 7300

	Three-tone 3rd order IMD products
	(fx_low – 
max BW f2)
	(fx_high + 
max BW f2)
	(fy_low – 
max BW f1)
	(fy_high + 
max BW f1)

	IMD frequency range (MHz)
	1840 to 1960
	2476 to 2710


Table 2-2: Two-tone IMD4 products with difference of frequency components
	IMD4
	IMT4 product frequency

	|3*fx - 1*fy|
	2950 to 3264 MHz

	|3*fy - 1*fx|
	5568 to 6190 MHz

	|2*fx - 2*fy|
	1152 to 1620 MHz


Table 2-3: Band 39 and Band 41 two-tone IMD5 products
	IMD5
	IMD5 product frequency

	|3*fx - 2*fy|
	260 to 768 MHz

	|3*fy - 2*fx|
	3648 to 4310 MHz

	|3*fx + 2*fy|
	10632 to 11140 MHz

	|3*fy + 2*fx|
	11248 to 11910 MHz

	|4*fx - 1*fy|
	4830 to 5184 MHz

	|4*fy - 1*fx|
	8064 to 8880 MHz

	|4*fx + 1*fy|
	10016 to 10370 MHz

	|4*fy + 1*fx|
	11864 to 12680 MHz


Table 2-4: Protected bands / spectrum affected by IMD2/IMD3/IMD4/IMD5 from CA_39A-41C
	Interference Type
	Affected frequency band

	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	Band 43

	Protected bands / spectrum affected by IMD2
	Band 12, 13, 14, 17, 28, 29, 44

	Protected bands / spectrum affected by IMD3
	Band 22, 42

	Protected bands / spectrum affected by IMD4
	Band 12, 13, 14, 17, 28, 29, 43, 44

	Protected bands / spectrum affected by IMD5
	Band 11, 21, 24, 32


The TDD inter-band CA combination of Band 39 and Band 41 does not have intermodulation problems into its own downlink and other TDD bands downlink band for synchronized operation. 
When 3ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products may have impact on these systems. Table 2-5 lists whether harmonics and IMD products fall into one of these receiving bands or not.
Table 2-5: Harmonic and IMD for protection of ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD4,IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD4,IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD4,IMD5

	GPS
	1563
	-
	1587
	Yes
	
	IMD4,IMD5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD3,IMD4,IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD3,IMD4,IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H2, H3, IMD4 IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H2, IMD4，IMD5

	
	5470
	-
	5725
	Yes
	
	H3, IMD4,IMD5

	
	5150
	-
	5825
	Yes
	Asia
	H2, H3, IMD4 IMD5


3
Conclusion
This contribution presented analysis on the co-existence issue for CA_B39A_B41C.  A corresponding Text proposal is also provided in the Annex.
4
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3 Annex 
--------------------------------------------------------------Start of Text Proposal--------------------------------------------------------
6.2
LTE-Advanced Carrier Aggregation of Band 39, Band 41 and Band 41

6.2.3
Harmonics and IMD Products
6.2.3.1
For the BS
For BS supporting 3DL inter-band CA of Band 39, Band 41 and Band 41, the DL harmonic and intermodulation product analysis has been done in TR 36.853.  Corresponding suggestion can be reused.
6.2.3.2
For the UE

For UE supporting 3UL inter-band CA of Band 39, Band 41 and Band 41, the 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products are calculated and presented in following tables.
Table 6.2.3.2-1: Harmonics and IMD products analysis for CA_39A_41C
	UE UL carriers
	Fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1880
	1920
	2496
	2690

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3760 – 3840
	4992 – 5380

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5640 – 5760
	7488 – 8070

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

	IMD frequency limits (MHz)
	576-810
	4376 – 4610

	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)
	1070 – 1344
	3072 – 3500

	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)
	6256 – 6530
	6872 – 7300

	Three-tone 3rd order IMD products
	(fx_low – 
max BW f2)
	(fx_high + 
max BW f2)
	(fy_low – 
max BW f1)
	(fy_high + 
max BW f1)

	IMD frequency range (MHz)
	1840 to 1960
	2476 to 2710


Table 6.2.3.2-2: Two-tone IMD4 products with difference of frequency components
	IMD4
	IMT4 product frequency

	|3*fx - 1*fy|
	2950 to 3264 MHz

	|3*fy - 1*fx|
	5568 to 6190 MHz

	|2*fx - 2*fy|
	1152 to 1620 MHz


Table 6.2.3.2-3: Band 39 and Band 41 two-tone IMD5 products
	IMD5
	IMD5 product frequency

	|3*fx - 2*fy|
	260 to 768 MHz

	|3*fy - 2*fx|
	3648 to 4310 MHz

	|3*fx + 2*fy|
	10632 to 11140 MHz

	|3*fy + 2*fx|
	11248 to 11910 MHz

	|4*fx - 1*fy|
	4830 to 5184 MHz

	|4*fy - 1*fx|
	8064 to 8880 MHz

	|4*fx + 1*fy|
	10016 to 10370 MHz

	|4*fy + 1*fx|
	11864 to 12680 MHz


Table 6.2.3.2-4: Protected bands / spectrum affected by IMD2/IMD3/IMD4/IMD5 from CA_39A-41C
	Interference Type
	Affected frequency band

	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	Band 43

	Protected bands / spectrum affected by IMD2
	Band 12, 13, 14, 17, 28, 29, 44

	Protected bands / spectrum affected by IMD3
	Band 22, 42

	Protected bands / spectrum affected by IMD4
	Band 12, 13, 14, 17, 28, 29, 43, 44

	Protected bands / spectrum affected by IMD5
	Band 11, 21, 24, 32


The TDD inter-band CA combination of Band 39 and Band 41 does not have intermodulation problems into its own downlink and other TDD bands downlink band for synchronized operation. 
When 3ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products may have impact on these systems. Table 6.2.3.2-5 lists whether harmonics and IMD products fall into one of these receiving bands or not.
Table 6.2.3.2-5: Harmonic and IMD for protection of ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD4

	Galileo
	1559
	-
	1591
	Yes
	
	IMD4

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD4

	GPS
	1563
	-
	1587
	Yes
	
	IMD4

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	

	
	2400
	-
	2494
	Yes
	Asia
	-

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H2, H3, IMD4 IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H2, IMD5

	
	5470
	-
	5725
	Yes
	
	H3, IMD4

	
	5150
	-
	5825
	Yes
	Asia
	H2, H3, IMD4 IMD5


-----------------------------------------------------------End of Text Proposal------------------------------------------------------------
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