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1. Introduction

During RAN#57, Work Item on LTE Advanced inter-band Carrier Aggregation for Band 38 and Band 39 was stopped [1] and new Work Item on LTE Advanced inter-band Carrier Aggregation for Band 39 and Band 41 was approved [2].
The purpose and objective of this WI is to specify band-combination specific RF requirements for Band 39 and Band 41 inter-band CA scenarios, considering aggregating channel of 20MHz bandwidth from Band 41 with channel of 10MHz, 15MHz or 20MHz from Band 39.
2. Discussion

Table 1 shows E-UTRA operating bands specified in 36.104 [3], where UL/ DL frequencies are highlighted for TDD Band 39 and Band 41. Table 2 shows harmonics frequency limits and Table 3 intermodulation products frequency limits for CA of Band 39 and Band 41, respectively. Harmonics and intermodulation product problems are summarized below the relevant Table.
Table 1 E-UTRA frequency bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz
	1475.9 MHz  
	–
	1495.9 MHz
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz 
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz 
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	1915  MHz
	1930 MHz
	–
	1995 MHz
	FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	27
	807 MHz 
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	29
	N/A
	717 MHz
	–
	728 MHz
	FDD2

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	42
	3400 MHz 
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz 
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD

	Note 1: Band 6 is not applicable.

Note 2: Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.


Table 2: DL harmonics frequency limits for CA of Band 39 and Band 41
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1880
	1920
	2496
	2690

	2nd order harmonics frequency range (MHz)
	3760 to 3840
	4992 to 5380

	3rd order harmonics frequency range (MHz)
	5640 to 5760
	7488 to 8070


As shown in Table 2, only part of the second harmonics (highlighted) will fall into the UL receiver of Band 43. No third harmonics will fall to any UL frequencies specified in Table 1. 
It is suggested BS transmitter(s) supporting CA of Band 39 and Band 41 should not share the same antenna with Band 43 BS receiver, unless the antenna path meets very stringent second order harmonics specification so that the harmonics will not cause Band 43 BS receiver desensitization.

Table 3: DL intermodulation products frequency limits for CA of Band 39 and Band 41
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1880
	1920
	2496
	2690

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	576 to 810
	4376 to 4610

	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(

	IMD frequency range (MHz)
	1070 to 1344
	3072 to 3500

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	1860 to 1940
	2476 to 2710


The frequency ranges of the IMD products as shown in Table 3 were future checked that whether it overlaps with any UL frequencies specified in Table 1.
Two-tone 2nd order IMD products： 
· 576 to 810MHz:  may fall into UL frequencies of FDD Band 12, 13, 14, 17, 27 and 28, or frequency of TDD Band 44.
· 4376 to 4610 MHz: None of the UL frequencies. 
Two-tone 3rd order IMD products:

· 1070 to 1344 MHz: None of the UL frequencies.  
· 3072 to 3500 MHz:  UL of FDD Band 22, or TDD Band 42.
Three-tone 3rd order IMD products:
· 1860 to 1940 MHz: UL of FDD Band 1, 2, 25, or TDD Band 33, 35, 36, 37, 39.
· 2476 to 2710 MHz: UL of FDD Band 7, or TDD Band 38, 41.
Specifically the three-tone 3rd order IMD products of CA_39A_41A may fall into the frequency range of TDD band 39 (including Band 33) and 41(including Band 38). While for TDD system, the transmission and receiving are not simultaneously thus it is no harm to Band 39 (including Band 33) and 41 (including Band 38) receivers. In additional, it is not possible for Band 39 and 33 BSs deployed co-site and sharing antenna for receivers without synchronization and similarly not possible for Band 41 and 38 BSs. 
It is suggested BS transmitters supporting CA of Band 39 and Band 41 should not share the same antenna with Band 1, 2, 7, 12, 13, 14, 17, 22, 25, 27 or 28 BS receivers, unless the antenna path meets very stringent IMD specification so that the IMD will not cause BS receiver desensitization for Band 1, 2, 7, 12, 13, 14, 17, 22, 25, 27 or 28.
For TDD Band 35, 36, 37, 42 and 44 BS receiver protection, there are two possible approaches: the BS transmitter supporting CA _39A_41A does not share the same antenna with TDD band 35, 36, 37, 42 or 44 BSs; or the CA BS should be fully synchronized with Band 35, 36, 37, 42 and 44 BSs in deployment.  
To be noted that the Band 2, 12, 13, 14, 17, 25 are U.S. bands, thus BS supporting CA_39A_41A may not have coexistence scenario in deployment with BSs on those bands.
3. Conclusion

In this document, analysis on harmonics and intermodulation products generated by the BS supporting inter-band CA combination for Band 39 and Band 41 were performed. 
It was shown the second harmonics will fall into the UL receiver of Band 43. IMD products may fall into UL frequencies of FDD Bands 1, 2, 7, 12, 13, 14, 17, 22, 25, 27 or 28, and TDD Band 33, 35, 37, 38, 39,  41, 42 and 44. 
It is suggested: 
1. BS transmitter(s) supporting CA of Band 39 and Band 41 should not share the same antenna with Band 43 BS receivers to avoid harmonics interference, and with Band 1, 2, 7, 12, 13, 14, 17, 22, 25, 27 or 28 BS receivers to avoid IMD interference, unless the antenna path meets very stringent harmonics or IMD specification so that the interference will not cause Band 43, 1, 2, 7, 12, 13, 14, 17, 22, 25, 27, or 28 BS receiver desensitization. To be noted that the Bands 2, 12, 13, 14, 17, 25 are U.S. bands, thus BS on them may not have coexistence problem with CA_39A_41A BS in the deployment.  
2. For TDD band 35, 36, 37, 42 and 44 BS receiver protection, there are two possible approaches: the BS transmitter supporting CA _39A_41A does not share the same antenna with TDD band 35, 36, 37, 42 or 44 BSs; or the CA BS should be fully synchronized with Band 35, 36, 37, 42 and 44 BSs in deployment.
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Class A4. Low-low or high-high band combination with intermodulation problem (low order IM) 
<Text will be added.>

6.4.2 LTE Advanced Carrier Aggregation of Band 39 and Band 41
<Text will be added.>

6.4.2.2
BS co-existence studies for CA_39-41

Table 6.4.2.2-1 shows harmonics frequency limits and Table 6.4.2.2-2 intermodulation products frequency limits for CA of Band 39 and Band 41, respectively. 

Table 6.4.2.2-1: DL harmonics frequency limits for CA of Band 39 and Band 41
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1880
	1920
	2496
	2690

	2nd order harmonics frequency range (MHz)
	3760 to 3840
	4992 to 5380

	3rd order harmonics frequency range (MHz)
	5640 to 5760
	7488 to 8070


As shown in Table 6.4.2.2-1, only part of the second harmonics (highlighted) will fall into the UL receiver of Band 43. No third harmonics will fall into UL frequencies of any band. 

It is suggested BS transmitter(s) supporting CA of Band 39 and Band 41 should not share the same antenna with Band 43 BS receiver, unless the antenna path meets very stringent second order harmonics specification so that the harmonics will not cause Band 43 BS receiver desensitization.

Table 6.4.2.2-2: DL intermodulation products frequency limits for CA of Band 39 and Band 41
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1880
	1920
	2496
	2690

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	576 to 810
	4376 to 4610

	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(

	IMD frequency range (MHz)
	1070 to 1344
	3072 to 3500

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	1860 to 1940
	2476 to 2710


The frequency range of the IMD products as shown in 6.4.2.2-2 was future checked that whether it overlaps with UL frequency of any band.
Two-tone 2nd order IMD products： 
· 576 to 810MHz:  may fall into UL frequencies of FDD Band 12, 13, 14, 17, 27 and 28, or frequency of TDD Band 44.

· 4376 to 4610 MHz: None of the UL frequencies. 

Two-tone 3rd order IMD products:

· 1070 to 1344 MHz: None of the UL frequencies.  

· 3072 to 3500 MHz:  UL of FDD Band 22, or TDD Band 42.

Three-tone 3rd order IMD products:
· 1860 to 1940 MHz: UL of FDD Band 1, 2, 25, or TDD Band 33, 35, 36, 37, 39.
· 2476 to 2710 MHz: UL of FDD Band 7, or TDD Band 38, 41.
Specifically the three-tone 3rd order IMD products of CA_39A_41A may fall into the frequency range of TDD band 39 (including Band 33) and 41(including Band 38). While for TDD system, the transmission and receiving are not simultaneously thus it is no harm to Band 39 (including Band 33) and 41 (including Band 38) receivers. In additional, it is not possible for Band 39 and 33 BSs deployed co-site and sharing antenna for receivers without synchronization and similarly not possible for Band 41 and 38 BSs. 
 It is suggested BS transmitters supporting CA of Band 39 and Band 41 should not share the same antenna with Band 1, 2, 7, 12, 13, 14, 17, 22, 25, 27 or 28 BS receivers, unless the antenna path meets very stringent IMD specification so that the IMD will not cause BS receiver desensitization for Band 1, 2, 7, 12, 13, 14, 17, 22, 25, 27 or 28.

For TDD Band 35, 36, 37, 42 and 44 BS receiver protection, there are two possible approaches: the BS transmitter supporting CA _39A_41A does not share the same antenna with TDD band 35, 36, 37, 42 or 44 BSs; or the CA BS should be fully synchronized with Band 35, 36, 37, 42 and 44 BSs in deployment.  

To be noted that the Band 2, 12, 13, 14, 17, 25 are U.S. bands, thus BS supporting CA_39A_41A may not have coexistence scenario in deployment with BSs on those bands.
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