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1. Introduction

We created a spreadsheet tool to automatically calculate the bands impacted by the harmonics and intermod products for 2 DL inter-band carrier aggregation.  As a result we noticed some errors and omissions in the analysis of a number of band combinations.  This TP attempts to correct those errors and omissions.  Also, a few other suggested changes were included.      
2. Discussion
This TP contains corrections for the harmonics and intermod analysis of several inter-band CA band combinations.  In addition, three other changes were included, namely: 1) the deletion of the “Class” column from Table 1-2, as 3 DL CA doesn’t fall neatly into the defined 2 DL CA classes, and 2) the modification of the text just above Table 1-2.  
3. Conclusion

It is proposed that the attached text proposal for TR 36.851 v0.10.0 be approved.  

4. References
[1]   
<< Unchanged sections omitted >>

<< Start of first changed section >>
The scope of the report has been further extended [6] to cover the 2 DL fallback modes for the 3 DL Carrier Aggregation combinations with single UL configuration. These 3 DL/1UL combinations are listed in table 1-2

Table 1-2: Release 12 inter-band carrier aggregation combinations

	WI code
	WI title
	

	LTE_CA_B2_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 5 and Band 30
	

	LTE_CA_B2_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 29 and Band 30
	

	LTE_CA_B1_B5_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 5 and Band 7
	

	LTE_CA_B2_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 30
	

	LTE_CA_B1_B3_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 20
	

	LTE_CA_B1_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 7 and Band 20
	

	LTE_CA_B7_B8_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 7, Band 8 and Band 20
	


This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.
<< End of changed section >>

<< Start of next changed section >>
6.1.7.1.2
Co-existence studies for CA_2-12
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 12 DL carriers can be calculated as shown in table 6.1.7.1.2-1 below:

Table 6.1.7.1.2-1: Band 2 and Band 12 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	729
	746
	1930
	1990

	2nd order harmonics frequency range (MHz)
	1458
	1492
	3860
	3980

	3rd order harmonics frequency range (MHz)
	2187
	2238
	5790
	5970

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1184
	1261
	2659
	2736

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

	IMD frequency limits (MHz)
	438
	532
	3114
	3251

	3rd 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 limits (MHz)
	3388
	3482
	4589
	4726

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	669
	806
	1913
	2007


It can be seen from table 6.1.7.1.2-1 that the 2nd harmonics of Band 12 carriers may fall into the BS receive band of Band 21, while the 2nd IMD products caused by BS supporting carrier aggregation of Band 2 and Band 12 may fall into the BS receive band of Band 41, and the 3rd IMD products may fall into the BS receive band of Bands 1, 12, 13, 14, 17, 22, 23, 25, 28, 31, 33, 36, 37, 39, 42 and 44. Note that the calculation in table 6.1.7.1.2-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 17 MHz DL frequency of Band 12. If the BS is only transmitting an up to 10 MHz DL in Band 2 and Band 12 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 12, 13, 14, 17, 23, 25, 33 or 39 as shown in the last row in table 6.1.7.1.2-1.
It should be noted that Bands 1, 21, 28, 31, 39 and 44 are not intended for use in the same geographical area as Bands 2 and 12. Moreover, co-location of Band (2 + 12) transmitter and Band 33, 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 22, 41 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 12 BS transmitters do not share the same antenna with Band 22, 41 or 42 BS receiver.

Therefore, it is recommended that Bands 2 and 12 BS transmitters should not share the same antenna with Band 22, 41 or 42 BS receiver, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 22, 41 or 42 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
<< End of changed section >>

<< Start of next changed section >>
6.1.8.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 13 DL carriers can be calculated as shown in table 6.1.8.1.2.1-1 below:

Table 6.1.8.1.2.1-1: Band 2 and Band 13 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	746
	756
	1930
	1990

	2nd order harmonics frequency range (MHz)
	1492
	1512
	3860
	3980

	3rd order harmonics frequency range (MHz)
	2238
	2268
	5790
	5970

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1174
	1244
	2676
	2746

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

	IMD frequency limits (MHz)
	418
	498
	3104
	3234

	3rd 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 limits (MHz)
	3422
	3502
	4606
	4736

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	686
	816
	1920
	2000

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	726
	776
	1920
	2000


It can be seen from table 6.1.8.1.2.1-1 that the 2nd and 3rd harmonics of Band 2 and Band 13 carriers will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 2nd IMD products caused by BS supporting carrier aggregation of Band 2 and Band 13 may fall into the BS receive band of Band 41, and the 3rd IMD products may fall into the BS receive band of Bands 1, 12, 13, 14, 17, 18, 22, 26, 27, 28, 31, 36, 37, 42 and 44. Note that the calculation in table 6.1.8.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 10 MHz DL frequency of Band 13. If the BS is only transmitting an up to 20 MHz DL in Band 2 and an up to 10 MHz DL in Band 13 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 1, 22, 28, 31, 36, 37, 42 and 44 as shown in the last row in table 6.1.8.1.2.1-1.

It should be noted that that Bands 1, 18, 28, 31 and 44 are not intended for use in the same geographical area as Bands 2 and 13. Moreover, co-location of Band (2 +13) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 12, 14, 17, 22, 26, 27, 41 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 13 BS transmitters do not share the same antenna with Band 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver.

Therefore, it is recommended that Bands 2 and 13 BS transmitters should not share the same antenna with 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver to prevent Band 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver desensitization.
<< End of changed section >>

<< Start of next changed section >>
6.1.10.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 5 DL carriers can be calculated as shown in Table 6.1.10.1.2.1-1 below:

Table 6.1.10.1.2.1-1: Band 2 and Band 5 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	1930
	1990

	2nd order harmonics frequency range (MHz)
	1738
	1788
	3860
	3980

	3rd order harmonics frequency range (MHz)
	2607
	2682
	5790
	5970

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1036
	1121
	2799
	2884

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

	IMD frequency limits (MHz)
	142
	252
	2966
	3111

	3rd 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 limits (MHz)
	3668
	3778
	4729
	4874

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	809
	954
	1905
	2015

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	849
	914
	1920
	2000


the 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics may fall into the BS receive band of Bands 38 and 41, while the 3rd IMD products caused by BS supporting carrier aggregation of Band 2 and Band 5 may fall into the BS receive band of Bands 1, 2, 5, 6, 8, 18, 19, 20, 23, 25, 26, 27, 33, 34, 35, 36, 37, 39 and 43. Note that the calculation in Table 6.1.10.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 25 MHz DL frequency of Band 5. If the BS is only transmitting an up to 20 MHz DL in Band 2 and an up to 10 MHz DL in Band 5 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 1, 8, 20, 36, 37 and 43 as shown in the last row in Table 6.1.10.1.2.1-1.

It should be noted that that Bands 1, 3, 8, 9, 20 and 38 are not intended for use in the same geographical area as Bands 2 and 5. Moreover, co-location of Band (2 + 5) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 4, 10, 41 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 4, 10, 41 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 5 BS transmitters do not share the same antenna with Band 4, 10, 41 or 43 BS receiver.

Therefore, it is recommended that Bands 2 and 5 BS transmitters should not share the same antenna with Band 4, 10, 41 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 10, 41 or 43 BS receiver desensitization.
<< End of changed section >>

<< Start of next changed section >>
6.1.13.1.2
Co-existence studies for CA_5-25

As shown in table 6.1.13.1.2-1, the harmonic frequencies of Band 5 and Band 25 in UL are away from the receive bands of interest in the DL and therefore we can conclude that there is no issue on harmonic interference.

Table 6.1.13.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	5
	824
	849
	869
	894
	1648
	1698
	2472
	2547
	1738
	1788
	2607
	2682

	25
	1850
	1915
	1930
	1995
	3700
	3830
	5550
	5745
	3860
	3990
	5790
	5985


6.1.13.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 25 DL carriers can be calculated as shown in Table 6.1.13.1.2.1-1 below:

Table 6.1.13.1.2.1-1: Band 5 and Band 25 DL harmonics and IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	DL frequency (MHz)
	869
	894
	1930
	1995

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1738
	1788
	3860
	3990

	3rd harmonics frequency limits (MHz)
	2607
	2682
	5790
	5985

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1036
	1126
	2799
	2889

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2*f2-high – f1-low)

	IMD frequency limits (MHz)
	142
	257
	2966
	3121

	
	
	
	
	

	3rd 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 limits (MHz)
	3668
	3783
	4729
	4884

	
	
	
	
	

	3rd order IMD products 
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	804
	959
	1905
	2020

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	849
	914
	1920
	2005


It can be seen from Table 6.1.13.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics may fall into the BS receive band of Bands 38 and 41, while the 3rd IMD products caused by BS supporting carrier aggregation of Band 5 and Band 25 may fall into the BS receive band of Bands 1, 2, 5, 6, 8, 18, 19, 20, 23, 25, 26, 27, 33, 34, 35, 36, 37. 39 and 43. Note that the calculation in Table 6.1.13.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 25 MHz DL frequency of Band 5 and the whole 65 MHz DL frequency of Band 25. If the BS is only transmitting an up to 10 MHz DL in Band 5 and an up to 20 MHz DL in Band 25 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of Bands 1, 8, 20, 23, 36, 37 and 43 as shown in the last row in Table 6.1.13.1.2.1-1.

It should be noted that Bands 1, 3, 8, 9, 20 and 38 are not intended for use in the same geographical area as Bands 5 and 25. Moreover, co-location of Band (5 + 25) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 4, 10, 23, 41 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 4, 10, 41 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 5 and 25 BS transmitters do not share the same antenna with Band 4, 10, 41 or 43 BS receiver. But there is not a large frequency gap between Band 25 DL and Band 23 UL, and hence Band 23 BS receiver desensitization may still be an issue.

Therefore, it is recommended that Bands 5 and 25 BS transmitters should not share the same antenna with Band 4, 10, 23, 41 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 10, 23, 41 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

<< End of changed section >>

<< Start of next changed section >>
6.3.x
LTE Advanced Carrier Aggregation of Band 2 and Band 30 
6.3.x.1

List of specific combination issues

6.3.x.1.1
Channel bandwidths per operating band for CA

6.3.x.1.2
Co-existence studies for CA_2-30

6.3.x.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 30 DL carriers can be calculated as shown in Table 6.1.16.1.2.1-1 below:

Table 6.3.x.1.2.1-1: Band 2 and Band 30 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1930
	1990
	2350
	2360

	2nd order harmonics frequency range (MHz)
	3860
	3980
	4700
	4720

	3rd order harmonics frequency range (MHz)
	5790
	5970
	7050
	7080

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	360
	430
	4280
	4350

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

	IMD frequency limits (MHz)
	1500
	1630
	2710
	2790

	3rd 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 limits (MHz)
	6210
	6340
	6630
	6710

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1920
	2000
	2290
	2420

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	1920
	2000
	2330
	2380


It can be seen from Table 6.3.x.1.2.1-1 that the 2nd and 3rd harmonics as well as the 2nd IMD products of BS transmitting in Bands 2 and 30 will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 3rd IMD products supporting CA of Band 2 and Band 30 may fall into the BS receive band of Bands 1, 24, 30, 36, 37 and 40. Note that the calculation in Table 6.3.x.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 10 MHz DL frequency of Band 30. If the BS is only transmitting an up to 20 MHz DL in Band 2 and an up to 10 MHz DL in Band 30 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of Bands 1, 24, 36, 37 and 40 as shown in the last row in Table 6.1.16.1.2.1-1.

It should be noted that Bands 1 and 40 are not intended for use in the same geographical area as Bands 2 and 30. Moreover, co-location of Band (2 + 30) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Band 24.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 24 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 30 BS transmitters do not share the same antenna with Band 24 BS receiver.

Therefore, it is recommended that Bands 2 and 30 BS transmitters should not share the same antenna with Band 24 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 24 BS receiver desensitization.
6.3.x.1.3

ΔTIB,c and ΔRIB (1 UL)
<< End of changed section >>

<< Start of next changed section >>
6.3.y
LTE Advanced Carrier Aggregation of Band 4 and Band 30

6.3.y.1

List of specific combination issues

6.3.y.1.1
Channel bandwidths per operating band for CA

6.3.y.1.2
Co-existence studies for CA_4-30

6.3.y.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 4 and Band 30 DL carriers can be calculated as shown in Table 6.3.y.1.2.1-1 below:
Table 6.3.y.1.2.1-1: Band 4 and Band 30 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2155
	2350
	2360

	2nd order harmonics frequency range (MHz)
	4220
	4310
	4700
	4720

	3rd order harmonics frequency range (MHz)
	6330
	6465
	7050
	7080

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	195
	250
	4460
	4515

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

	IMD frequency limits (MHz)
	1860
	1960
	2545
	2610

	3rd 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 limits (MHz)
	6570
	6670
	6810
	6875

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	2100
	2165
	2305
	2405

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	2100
	2165
	2330
	2380



It can be seen from Table 6.3.y.1.2.1-1 that the 2nd and 3rd harmonics as well as the 2nd IMD products of BS transmitting in Bands 4 and 30 will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 3rd IMD products supporting CA of Band 4 and Band 30 may fall into the BS receive band of Bands 1, 2, 7, 25, 30, 33, 35, 36, 37, 38, 39, 40 and 41. Note that the calculation in Table 6.3.y.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 45 MHz DL frequency of Band 4 and the whole 10 MHz DL frequency of Band 30. If the BS is only transmitting an up to 20 MHz DL in Band 4 and an up to 10 MHz DL in Band 30 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of Bands 1, 2, 7, 25, 33, 35, 36, 37, 38, 39, 40 and 41 as shown in the last row in Table 6.3.y.1.2.1-1.

It should be noted that Bands 1, 7, 33, 38, 39 and 40 are not intended for use in the same geographical area as Bands 4 and 30. Therefore, the focus here will be on the harmonics and IMD falling into Bands 2, 25, 35, 36, 37 and 41.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 2, 25, 35, 36, 37 or 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 4 and 30 BS transmitters do not share the same antenna with Band 2, 25, 35, 36, 37 or 41 receiver.

Therefore, it is recommended that Bands 4 and 30 BS transmitters should not share the same antenna with Band 2, 25, 35, 36, 37 or 41 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 2, 25, 35, 36, 37 or 41 BS receiver desensitization.
<< End of changed section >>

<< Start of next changed section >>
<< End of changed section >>

<< Start of next changed section >>
6.1.20.1.2
Co-existence studies for CA_3-27

As shown in table 6.1.20.1.2-1, the harmonic frequencies of Band 3 and Band 27 in UL are away from the receive bands of interest in the DL and therefore we can conclude that there is no issue on harmonic interference.

Table 6.1.20.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355

	27
	807
	824
	852
	869
	1614
	1648
	2421
	2472


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 3 and Band 27 DL carriers can be calculated as shown in table 6.1.20.1.2-2 below:

Table 6.1.20.1.2-2: Band 3 and Band 27 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	852
	869
	1805
	1880

	2nd order harmonics frequency range (MHz)
	1704
	1738
	3610
	3760

	3rd order harmonics frequency range (MHz)
	2556
	2607
	5415
	5640

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	936
	1028
	2657
	2749

	3rd order IMD products
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	67
	176
	2741
	2908

	3rd 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 limits (MHz)
	3509
	3618
	4462
	4629

	3rd order IMD products
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	777
	944
	1788
	1897

	3rd Order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	832
	889
	1795
	1890


It can be seen in  table 6.1.20.1.2-2 that the 2nd and 3rd harmonics of BS transmitting in Band 27 may fall into the BS receive band of Bands 3, 4, 7, 10, 38 and 41 and the second harmonics of Band 3 could fall into the receive band of Band 43.  

It can be seen that the 3rd IMD products may fall into BS receive band of band 2, 5, 6, 8, 13, 14, 18, 19, 20, 25, 26, 27, 35, 39. 42, 43 and 44. Note that the calculation in table 6.1.20.1.2-2 (except the last row) assumes the BS is transmitting with the entire 75 MHz DL frequency of Band 3 and the entire 17 MHz DL frequency of Band 27. If the BS is only transmitting an up to 20 MHz DL in Band 3 and 10 MHz in Band 27 as stated in the WIDs, the 3rd IMD products will not fall into the BS receive band of the Band 13, 14 18, 27, or 44 as shown in the last row in table 6.1.20.1.2-2.  Also, in countries where Band 27 and Band 8 can be deployed, only part of Band 8 that is above the Band 5 downlink is deployed because of the overlap between Band 5 and Band 8.  When the actual carrier bandwidths are factored in, the 3rd IMD does not overlap with the part of Band 8 BS receive band that is deployed in Korea, Brazil Australia or other countries where Band 27 and Band 8 will be deployed.
It should be noted that Band 3 and Band 27 are not meant to be deployed together in the same geographic area as Bands 2, 4, 6, 9, 10, 13, 14, 18, 19, 20, 25, 39, 43.  Therefore the focus here will be on the harmonics of Band 27 falling into Bands 3, 7, 38 and 41, and IMD products falling into Bands 5, 26, 35 and 42.  
However, as described in subclause 5.1 of TR 36.850, due to the low and high bands use separate antennas, these issues can be regarded as covered in co-located BS scenarios and there is no need to address in inter-band carrier aggregation context.  
<< End of changed section >>

<< Start of next changed section >>
6.1.21.1.2
Co-existence studies for CA_1-5
Table 6.1.21.1.2-1 summarizes frequency ranges where harmonics occur due to Band 1 or Band 5 for both UL and DL. It can be seen that the harmonic frequencies of Band 1 and Band 5 in DL are away from the BS receive bands of interest in the UL. For the UE aspect, the UL harmonic frequencies of Band 1 and Band 5 does not locate within the UE receive bands of interest in the DL. Therefore we can conclude that there is no issue on harmonic interference.
Table 6.1.21.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	6510

	5
	824
	849
	869
	894
	1648
	1698
	2472
	2547
	1738
	1788
	2607
	2682


The 2nd DL harmonics of Band 5 carriers may fall into the BS receive band of Bands 3, 4, 9 and 10. And also 3rd DL harmonics of Band 5 carriers may fall into the BS receiver band of Bands 38 and 41.
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 5 DL carriers can be calculated as shown in table 6.1.21.1.2-2 below:

Table 6.1.21.1.2-2: Band 1 and Band 5 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	2110
	2170

	2nd order harmonics frequency range (MHz)
	1738
	1788
	4220
	4340

	3rd order harmonics frequency range (MHz)
	2607
	2682
	6330
	6510

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1216
	1301
	2979
	3064

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

	IMD frequency limits (MHz)
	322
	432
	3326
	3471

	3rd 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 limits (MHz)
	3848
	3958
	5089
	5234

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	809
	954
	2085
	2195

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	849
	914
	2100
	2180


It can be seen from table 6.1.21.1.2-2 that the 3rd IMD products caused by BS supporting carrier aggregation of Band 1 and Band 5 may fall into the BS receive bands of Band 5, 6, 8, 18, 19, 20, 22, 26, 27 and 42. However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 5, 6, 18, 19, 26 and 27.

It should be noted that Bands 4, 9, 10, 20, and 22 are not intended for use in the same geographical area as Band 1 and 5. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 3, 8, 38, 41 and 42. 
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the harmonics and IMD interference generated within the Bands 3, 8, 38, 41 and 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization. 
Therefore, it is recommended that Band 1 and 5 BS transmitters should not share the same antenna with Band 3, 8, 38, 41 or 42 BS receivers for the affected frequency ranges.
<< End of changed section >>
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6.1.23.1.2
Co-existence studies for CA_1-20

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 20 DL carriers can be calculated as shown in table 6.1.23.1.2-1 below:

Table 6.1.23.1.2-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2110
	2170

	2nd order harmonics frequency range (MHz)
	1582 to 1642
	4220 to 4340

	3rd order harmonics frequency range (MHz)
	2373 to 2463
	6330 to 6510

	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)
	1289 to 1379
	2901 to 2991

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	IMD frequency range (MHz)
	468 to 588

3692 to 3812
	3399 to 3549

5011 to 5161

	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)
	776 to 836
	2100 to 2180


As it can be seen from table 6.1.23.1.2-1, the 2nd and 3rd order harmonics from BS transmitting in Band 20 may fall in the BS receive band of Bands 24, 40. 3rd  order IMD products may fall into the BS receive band of Bands 5, 6, 13, 14, 18, 19, 20, 22, 26, 27, 28, 42, 43, 44.

Note that the calculation in table 6.1.23.1.2-1 (except the last row) assumes the BS is transmitting with the whole 30 MHz DL frequency of Band 20 and the whole 60 MHz DL frequency of Band 1. If the BS is only transmitting up to 10 MHz DL in Band 20 and up to 15 MHz DL in Band 1 as stated in the WID, then the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 5, 6, 13, 14, 18, 19, 20, 26, 27, of which only Band 20 is intended to be used in the same geographical area.

The transmit configurations of the BS transmitting in Bands 1+20 with 3rd IMD products into Band 20 receive band are:

Table 6.1.23.1.2-2: Band (1 + 20) BS transmit configurations with 3rd IMD within Bands 20 BS receive band (832-862MHz)

	Band 20 DL channel bandwidth (MHz)
	Upper edge of Band 20 DL frequency block (MHz)
	Band 1 DL channel bandwidth (MHz)
	IMD frequency limits (MHz)

	5
	816 - 821
	5
	811 - 826

	5
	816 - 821
	10
	806 - 831

	5
	816 - 821
	15
	801 - 836 

	10
	811 - 821
	5
	806 - 826

	10
	811 - 821
	10
	801 – 831

	10
	811 - 821
	15
	796 - 836


As it can be seen from table 6.1.23.1.2-2 only when Band 1 uses 15MHz there may be IMD products falling into Band 20 receive band. In such cases, it could be necessary to avoid sharing the same RF path for both transmitter and receiver side, or avoid such configurations in the BS.

In table 6.1.23.1.2-3 the harmonic interference study is provided from UL perspective for Band 1 and 20. It can be seen that the harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 6.1.23.1.2-3. Therefore it can be concluded that there is no issue on harmonic interference.

Table 6.1.23.1.2-3: Impact of UL Harmonic Interference

	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	1
	1920
	1980
	3840
	3960
	5760
	5940

	20
	832
	862
	1664
	1724
	2496
	2586


<< End of changed section >>
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6.3.5.1.2
Co-existence studies for CA_7-8
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 7 and Band 8 DL carriers can be calculated as shown in table 6.3.5.1.2-1 below:

Table 6.3.5.1.2-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2620
	2690

	2nd order harmonics frequency range (MHz)
	1850 to 1920
	5240 to 5380

	3rd order harmonics frequency range (MHz)
	2775 to 2880
	7860 to 8070

	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)
	1660 to 1765
	3545 to 3650

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	IMD frequency range (MHz)
	700 to 840

4470 to 4610
	4280 to 4455

6165 to 6340

	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)
	905 to 980
	2610 to 2700


As it can be seen from table 6.3.5.1.2-1, the 2nd order harmonics from BS transmitting in Band 8 may fall in the BS receive band of Bands 2, 25, 33, 35, 37, 39. Additionally 2nd order IMD products may fall into the BS receive band of Bands 3, 4, 9, 10, 24, 42 and 43. While 3rd order IMD products may fall into the BS receive band of Bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 38, 41 and 44.

Note that the calculation in table 6.3.5.1.2-1 (except the last row) assumes the BS is transmitting with the whole 70 MHz DL frequency of Band 7 and the whole 35 MHz DL frequency of Band 8. If the BS is only transmitting up to 20 MHz DL in Band 7 and up to 10 MHz DL in Band 8 as stated in the WID, then the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 8, 38 and 41.

 The transmit configurations of the BS transmitting in Bands 7+8 with 3rd IMD products into Band 8 receive band are:

Table 6.3.5.1.2-2: Band (7 + 8) BS transmit configurations with 3rd IMD within Bands 8 BS receive band (880-915MHz)

	Band 8 DL channel bandwidth (MHz)
	lower edge of Band 8 DL frequency block (MHz)
	Band 7 DL channel bandwidth (MHz)
	IMD frequency limits (MHz)

	5
	925 - 930
	15
	910 - 915

	5
	925 - 930
	20
	905 - 915

	10
	925 - 935
	15
	910 - 915

	10
	925 - 935
	20
	905 - 815


As it can be seen from table 6.3.5.1.2-2 when Band 7 uses 15/20MHz there may be IMD products falling into Band 8 receive band. In such cases, it could be necessary to avoid sharing the same RF path for both transmitter and receiver side, or avoid such configurations in the BS.
In table 6.3.5.1.2-3 the harmonic interference study is provided from UL perspective for Band 7 and 8. It can be seen that the harmonic frequencies fall in the UL and DL bands of Band 3. This scenario is already covered by current specifications and hence no further relaxation is required for that. It can also be seen that 3rd harmonic interference from UL Band 8 falls into Band 7 receiver band in a general case. However it is under discussion if current spectrum holdings can be taken into account, and be verified if there is no harmonic impact.
Table 6.3.5.1.2-3: Impact of UL Harmonic Interference
	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	7
	2500
	2570
	5000
	5140
	7500
	7710

	8
	880
	915
	1760
	1830
	2640
	2745


<< End of changed section >>
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6.4.1.2
BS co-existence studies for CA_2-4

Table 6.4.1.2-1 shows harmonics frequency limits and table 6.4.1.2-2 intermodulation products frequency limits for CA of Band 2 and Band 4, respectively.

Table 6.4.1.2-1: DL harmonics frequency limits for CA of Band 2 and Band 4

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1930
	1990
	2110
	2155

	2nd order harmonics frequency range (MHz)
	3860 to 3980
	4220 to 4310

	3rd order harmonics frequency range (MHz)
	5790 to 5970
	6330 to 6465


As shown in table 6.4.1.2-1, no second and no third harmonics will fall to any 3GPP UL frequencies.
Table 6.4.1.2-2: DL intermodulation products frequency limits for CA of Band 2 and Band 4
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1930
	1990
	2110
	2155

	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)
	120 to 225
	4040 to 4145

	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)
	1705 to 1870
	2230 to 2380

	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)
	1915 to 2005
	2095 to 2170


As shown in table 6.4.1.2-2, no second order intermodulation products will fall to any 3GPP UL frequencies. Third intermodulation products may fall to UL frequencies of Bands 1-4, 9-10, 23, 25, 30, 33, 35-37, 39 or 40. As third intermodulation products may fall to own receive block (both for Band 2 and Band 4, highlighted in table 6.4.1.2-2), the desensitisation may be an issue.

Analysis in table 6.4.1.2-2 assumes BS is transmitting the whole DL frequency for both Band 2 and Band 4. Further analysis were made when two-tone third order intermodulation product will fall to own receive block for CC bandwidths agreed in the Work Item Description (WID): 5MHz, 10MHz and 15MHz for both operating bands plus 1.4 and 3MHz for Band 2. Two-tone third order intermodulation products were summarized in table 6.4.1-3 with assumptions shown in figure 6.4.1.2-1.

[image: image1.png]aMHz b MHz

s s
1930 fl-low f1-high 1990 2110 f2-low f2-high 2155
Band2 Band 4
b MHz aMHz
1710 1755 1850 1910

Band4 Band 2




Figure 6.4.1.2-1: Assumptions for third intermodulation products analysis
Table 6.4.1.2-3: Two-tone third order IMD products frequency limits for CA of Band 2 and Band 4

	Two-tone 3rd order IMD products
	IMD frequency range (MHz)

	2*f1_low – f2_high
	1705 + 2*c + d

	2*f1_high – f2_low
	1705 + 2*c + 2*a + b + d


Taking into account CC bandwidths agreed in the WID, two-tone third order intermodulation product will fall to own receive block for CC1 and CC2 positions summarized in table 6.4.1.2-4. Considered scenarios are very pessimistic as studies are taking into account channel bandwidths. Taking into account transmission bandwidths (1.08, 2.7, 4.5, … MHz) the region where IMD would fall to receive band would be further reduced.
Table 6.4.1.2-4: CC1 and CC2 positions for two-tone third order IMD product falling to own receive block

	CC1 bandwidth (a in MHz)
	CC2 bandwidth (b in MHz)
	CC1 and CC2 positions (c + d in MHz)

	1.4
	5
	 25 > c + d > 18.6

	1.4
	10
	25 > c + d > 13.6

	1.4
	15
	25 > c + d > 8.6

	1.4
	20
	25 > c + d > 3.6

	3
	5
	25 > c + d > 17

	3
	10
	25 > c + d > 12

	3
	15
	25 > c + d > 7

	3
	20
	25 > c + d > 2

	5
	5
	25 > c + d > 15

	5
	10
	25 > c + d > 10

	5
	15
	25 > c + d > 5

	5
	20
	25 > c + d > 0

	10
	5
	25 > c + d > 10

	10
	10
	25 > c + d > 5

	10
	15
	25 > c + d > 0

	10
	20
	25 > c + d ≥ 0

	15
	5
	25 > c + d > 5

	15
	10
	25 > c + d > 0

	15
	15
	25 > c + d ≥ 0

	15
	20
	25 > c + d ≥ 0

	20
	5
	25 > c + d > 0

	20
	10
	25 > c + d ≥ 0

	20
	15
	25 > c + d ≥ 0

	20
	20
	25 > c + d ≥ 0


It is suggested BS transmitters supporting CA of Band 2 and Band 4 should not share the same antenna with Band 1, 2, 3, 4, 9, 10, 23, 25, 30, 33, 35-37, 39 or 40 BS receiver, unless the antenna path meets very stringent third order PIM specification so that the PIM will not cause Band 1, 2, 3, 4, 9, 10, 23, 25, 30, 33, 35-37, 39 or 40 BS receiver desensitization.

<< End of changed section >>
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6.5.2.1.2
Co-existence studies for CA_1-11
As shown in table 6.5.2.1.2-1, the harmonic frequencies of band 1 and band 11 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.

Table 6.5.2.1.2-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7


Table 6.5.2.1.2-2: Band 1 and Band 11 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	2110
	2170

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	4220
	4340

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	6330
	6510

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	614.1
	694.1
	3585.9
	3665.9

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

	IMD frequency limits (MHz)
	881.8
	781.8
	2724.1
	2864.1

	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)

	IMD frequency limits (MHz)
	5061.8
	5161.8
	5695.9
	5835.9

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

	IMD frequency limits (MHz)
	1415.9
	1555.9
	2090
	2190


From table 6.5.2.1.2-2, it is observed that:

· 2nd and 3rd order harmonics don’t fall into any 3GPP defined BS receive frequencies,

· 2nd order IMD will fall into BS receive frequencies of  Band 42, 43,

· Two-tone 3rd order IMD will fall into BS receive frequencies of Band 5, 6, 8, 13, 14, 18, 19, 20, 26, 27 and 44
· Three-tone 3rd order IMD will fall into BS receive frequencies of Band 11, 21.

On the other hand, the issue of possible desensitisation due to IMD fall down would happen whenever a BS supports these frequencies simultaneously, regardless of whether CA is supported or not. Thus this is not a CA specific issue and BS vendors are requested to configure a BS appropriately when the bands mentioned above are operated with Band 1 and 11.
<< End of changed section >>

<< Start of next changed section >>
6.5.3.1.2
Co-existence studies for CA_8-11
As shown in table 6.5.2.1.2-1, the harmonic frequencies of band 8and band 11 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.

Table 6.5.3.1.2-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2880

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7


Table 6.5.3.1.2-2: Band 8 and Band 11 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	1475.9
	1495.9

	2nd order harmonics frequency range (MHz)
	1850
	1920
	2951.8
	2991.8

	3rd order harmonics frequency range (MHz)
	2775
	2880
	4427.7
	4487.7

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	515.9
	570.9
	2400.9
	2455.9

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

	IMD frequency limits (MHz)
	444.1
	354.1
	1991.8
	2066.8

	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)

	IMD frequency limits (MHz)
	3325.9
	3415.9
	3876.8
	3951.8

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

	IMD frequency limits (MHz)
	865
	1020
	1455.9
	1515.9


From the table, it is observed that:

· 2nd order harmonics will fall into BS receive frequency of Band 2, 25, 33, 35, 37, 39,

· 3rd  order harmonics don’t fall into any 3GPP defined BS receive frequencies,

· 2nd order IMDs don’t fall into any 3GPP defined BS receive frequencies,

· Two-tone 3rd order IMDs will fall into BS receive frequencies of Band 22, 23, 34 and 42
· Three-tone 3rd order IMDs will fall into BS receive frequencies of Band 8,  21.

On the other hand, the issue of possible desensitisation due to IMD fall down would happen whenever a BS supports these frequencies simultaneously, regardless of whether CA is supported or not. Thus this is not a CA specific issue and BS vendors are requested to configure a BS appropriately when the bands mentioned above are operated with Band 8 and 11. 
<< End of last changed section >>

<< Unchanged sections omitted>>
3GPP


