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1. Introduction
In RAN #59, new work item for LTE Advanced dual uplink inter-band Carrier Aggregation Class A1 was agreed to define the technical specifications [1]. In the past several meetings, we mainly discussed inter-band carrier aggregation with 1UL/2DL. We can continue to analyze 2UL as 1UL discussion. In this contribution, we discuss coexistence for 2UL with class A1.
2. Discussion
In current RAN4 carrier aggregation work, generic and band-specific specifications have been defined for inter-band carrier aggregation with 1UL CC and 2 DL CCs. Last meeting, we discussed the category for inter-band carrier aggregation with 2UL, and class A1 is low-high band combination without harmonic relation between bands or inter-modulation problem.
The following table describes the considered band combinations of this WI in this phase: 
Table 1: Band combinations for inter-band carrier aggregation with 2UL
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	CA_1-5
	1
	
	
	
	Yes
	
	
	0

	
	5
	
	
	
	Yes
	
	
	

	CA_3-20
	3
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_7-20
	7
	
	
	
	Yes
	Yes
	Yes
	0

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_1-19
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	


From table 1, we can find that the band combinations are almost the same as 1UL cases in [2]. The band combinations CA_3-20 and CA_7-20 with 2UL have been discussed. Here, we will analyze coexistence for band combinations CA_1-5 and CA_1-19.
2.1 Coexistence studies for 2 UL/2 DL
2.1.1 CA_1-5 coexistence analysis
Band 1 and Band 5 is the first example band combination for 1UL/2DL inter-band carrier aggregation in R10. Here, we need to analyze coexistence for 2UL and 2DL cases. Table 2 shows the uplink and downlink frequency range for Band 1 and Band 5. Harmonics and inter-modulation products are presented for coexistence analysis.
Table 2: Inter-band CA 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_1-5
	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	


2.1.1.1 Harmonics and IMD products calculation for 2DL
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 3 below:

Table 3: 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 harmonics frequency limits (MHz) 
	1738
	1788
	4220
	4340

	3rd harmonics frequency limits (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)
	859
	904
	2100
	2180


It can be seen from table 3 that the 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10, the 3rd harmonics may fall into the BS receive band of Band 38 and 41, while the 3rd IMD products of BS supporting carrier aggregation of Band 1 and Band 5 may fall into the BS receive band of Bands 5, 6, 8, 18, 19, 20, 22, 26, 27 and 42. Note that the calculation in table 3 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 25 MHz DL frequency of Band 5. If the BS is only transmitting up to 10 MHz DL in Band 1 and Band 5 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Bands 5, 6, 18, 19, 22, 26, 27 and 42 as shown in the last row in table 3.

Currently, Bands 4, 6, 9, 10, 18, 19, 20, 22, 26, 27, 38, 41 and 42 are not intended for use in the same geographical area as Bands 1 and 5. Moreover, 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 3 or 8 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 5 BS transmitters do not share the same antenna with Band 3 or 8 BS receiver.
Therefore, it is recommended that Bands 1 and 5 BS transmitters should not share the same antenna with Band 3 or 8 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 3 or 8 BS receiver desensitization.
2.1.1.2 Harmonics and IMD products calculation for 2UL
Table 4 gives the inter-modulation products for Band 1 + Band 5 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 1 is considered.
The 3rd harmonics of UE transmitting in Band 5 may fall into the UE receiver band of Band 41. Two-tone and three-tone third order IMD products can fall into the Band 2, 5, 6, 14, 18, 19, 20, 25, 26, 27, 28, 33, 35, 36, 37, 39, 42, 43 and 44 receivers. However, these products will not fall into the UE receiver band of Band 5, 6, 14, 18, 19, 26, 28, 35 and 44 if the frequency range as defined with the channel bandwidths given in table 1 is used for the more detailed IMD calculation.

Considering bands in the same geographical area we observe that no UE receive band which is affected by the UE distortion. Hence no further relaxation is needed.
Table 4: Band 1 and Band 5 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	824
	849
	1920
	1980

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	3840
	3960

	3rd harmonics frequency limits (MHz)
	2472
	2547
	5760
	5940

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

	IMD frequency limits (MHz)
	1071
	1156
	2744
	2829

	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)
	222
	332
	2991
	3136

	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)
	3568
	3678
	4664
	4809

	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)
	764
	909
	1895
	2005

	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)
	814
	859
	1910
	1990


2.1.2 CA_1-19 coexistence analysis
We have discussed the harmonic relationship for CA_1-19 in [2]. Table 5 shows the uplink and downlink frequency range for Band 1 and Band 19. In order to ensure the integrity of the analysis, harmonics and inter-modulation products are presented for coexistence analysis.
Table 5: Inter-band CA 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_1-19
	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	


2.1.2.1 Harmonics and IMD products calculation for 2DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 19 DL carriers can be calculated as shown in table 6 below.
It can be seen from table 6 that the 2nd harmonics of BS transmitting in Band 19 may fall into the BS receive band of Bands 3, 4, 9 and 10, the 3rd harmonics may fall into the BS receive band of Band 41, while the 3rd IMD products of BS supporting carrier aggregation of Band 1 and Band 19 may fall into the BS receive band of Bands 5, 6, 8, 18, 19, 20, 22, 26, 27 and 42. Note that the calculation in table 6 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 15 MHz DL frequency of Band 19. If the BS is only transmitting up to 20 MHz and 15MHz DL in Band 1 and Band 19 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Bands 5, 6, 18, 19, 22, 26, 27 and 42 as shown in the last row in table 6.

Currently, Bands 3, 4, 5, 8, 10, 20, 22, 26 and 27 are not intended for use in the same geographical area as Bands 1 and 19. Moreover, 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 6, 9, 18, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 19 BS transmitters do not share the same antenna with Band 6, 9, 18, 41 or 42 BS receiver.
Therefore, it is recommended that Bands 1 and 19 BS transmitters should not share the same antenna with Band 6, 9, 18, 41 or 42 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 6, 9, 18, 41 or 42 BS receiver desensitization.
Table 6: Band 1 and Band 19 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	875
	890
	2110
	2170

	2nd harmonics frequency limits (MHz) 
	1750
	1780
	4220
	4340

	3rd harmonics frequency limits (MHz)
	2625
	2670
	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)
	1220
	1295
	2985
	3060

	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)
	330
	420
	3330
	3465

	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)
	3860
	3950
	5095
	5230

	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)
	815
	950
	2095
	2185

	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)
	855
	910
	2095
	2185


2.1.2.2 Harmonics and IMD products calculation for 2UL
Table 7 gives the inter-modulation products for Band 1 + Band 19 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 1 is considered.
Table 7: Band 1 and Band 19 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	830
	845
	1920
	1980

	2nd harmonics frequency limits (MHz) 
	1660
	1690
	3840
	3960

	3rd harmonics frequency limits (MHz)
	2490
	2535
	5760
	5940

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

	IMD frequency limits (MHz)
	1075
	1150
	2750
	2825

	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)
	230
	320
	2995
	3130

	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)
	3580
	3670
	4670
	4805

	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)
	770
	905
	1905
	1995

	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)
	810
	865
	1905
	1995


The 3rd harmonics of UE transmitting in Band 19 may fall into the UE receiver band of Band 41. Two-tone and three-tone third order IMD products can fall into the Band 2, 5, 6, 18, 19, 20, 22, 25, 26, 27, 28, 33, 35, 36, 37, 39, 42, 43 and 44 receivers. However, these products will not fall into the UE receiver band of Band 5, 6, 19, 22, 28, 42, 43 and 44 if the frequency range as defined with the channel bandwidths given in table 1 is used for the more detailed IMD calculation.

Currently, considering bands in the same geographical area we observe that the UE distortion falls into the UE receive bands of Band 6, 18, 41 and 42. Usually the harmonics will be attenuated by the duplex filter and the impact for Band 41 can be ignored. The magnitude of these possible harmonics and IMD products has to be further studied with respect to spurious emission limits into these bands.
2.2 Other problems
The above discussion focuses on coexistence for CA_1-5 and CA_1-19, and some frequency bands are present which are potential interfered in coexistence scenario.
In class A1, the band combination is low-high band combination without harmonic relation between bands or inter-modulation problem. For inter-band carrier aggregation with 2UL, the main difference between 1UL and 2UL is that the inter-modulation products will interfere with other UE receiving bands. The magnitude of these possible harmonics and IMD products has to be further studied with respect to spurious emission limits into these bands.
We can find that the RF architecture for 1UL is still suitable for 2UL application. Therefore, we can keep the ∆TIB and ∆RIB values. For the band combinations CA_1-5, CA_3-20, CA_7-20 and CA_1_19 cases, we can keep the ∆TIB and ∆RIB values until we need to change the diplexer or quadplexer characteristic for attenuating the IMD products power or other requirements. 
3. Conclusion

In this contribution, we analyze different band combinations coexistence with 2UL/2DL in class A1 and propose that it’s suitable to keep the ∆TIB and ∆RIB values for CA_1-5, CA_3-20, CA_7-20 and CA_1_19 with 2UL applications.
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6.2
LTE-Advanced Carrier Aggregation of Band 1 and Band 5
CA_1-5 inter-band combination is designed to operate in the following bands defined in table 6.2-1.
Table 6.2-1: Inter-band CA 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_1-5
	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	


6.2.1
List of specific combination issues
6.2.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_1-5 are shown in table 6.2.1.1-1.

Table 6.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	CA_1-5
	1
	
	
	
	Yes
	
	
	0

	
	5
	
	
	
	Yes
	
	
	


6.2.1.2
Co-existence studies for 2 UL/2 DL

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 6.2.1.2-1 below:

Table 6.2.1.2-1: 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 harmonics frequency limits (MHz) 
	1738
	1788
	4220
	4340

	3rd harmonics frequency limits (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)
	859
	904
	2100
	2180


It can be seen from table 6.2.1.2-1 that the 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10, the 3rd harmonics may fall into the BS receive band of Band 38 and 41, while the 3rd IMD products of BS supporting carrier aggregation of Band 1 and Band 5 may fall into the BS receive band of Bands 5, 6, 8, 18, 19, 20, 22, 26, 27 and 42. Note that the calculation in table 6.2.1.2-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 25 MHz DL frequency of Band 5. If the BS is only transmitting up to 10 MHz DL in Band 1 and Band 5 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Bands 5, 6, 18, 19, 22, 26, 27 and 42 as shown in the last row in table 6.2.1.2-1.

Currently, Bands 4, 6, 9, 10, 18, 19, 20, 22, 26, 27, 38, 41 and 42 are not intended for use in the same geographical area as Bands 1 and 5. Moreover, 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 3 or 8 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 5 BS transmitters do not share the same antenna with Band 3 or 8 BS receiver.
Therefore, it is recommended that Bands 1 and 5 BS transmitters should not share the same antenna with Band 3 or 8 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 3 or 8 BS receiver desensitization.
Table 6.2.1.2-2 gives the inter-modulation products for Band 1 + Band 5 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 6.2.1.1-1 is considered.
Table 6.2.1.2-2: Band 1 and Band 5 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	824
	849
	1920
	1980

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	3840
	3960

	3rd harmonics frequency limits (MHz)
	2472
	2547
	5760
	5940

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

	IMD frequency limits (MHz)
	1071
	1156
	2744
	2829

	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)
	222
	332
	2991
	3136

	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)
	3568
	3678
	4664
	4809

	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)
	764
	909
	1895
	2005

	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)
	814
	859
	1910
	1990


The 3rd harmonics of UE transmitting in Band 5 may fall into the UE receiver band of Band 41. Two-tone and three-tone third order IMD products can fall into the Band 2, 5, 6, 14, 18, 19, 20, 25, 26, 27, 28, 33, 35, 36, 37, 39, 42, 43 and 44 receivers. However, these products will not fall into the UE receiver band of Band 5, 6, 14, 18, 19, 26, 28, 35 and 44 if the frequency range as defined with the channel bandwidths given in table 1 is used for the more detailed IMD calculation.

Considering bands in the same geographical area we observe that no UE receive band which is affected by the UE distortion. Hence no further relaxation is needed.
6.2.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL, the tentative (TIB,c and (RIB values are given in the tables.
Table 6.2.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1-5
	1
	0.31)

	
	5
	0.31)

	NOTE 1:  The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses


Table 6.2.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_1-5
	1
	0

	
	5
	0


6.3
LTE-Advanced Carrier Aggregation of Band 3 and Band 20
CA_3-20 inter-band combination is designed to operate in the following bands defined in table 6.3-1.
Table 6.3-1: Inter-band CA 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_3-20
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


6.3.1
List of specific combination issues
6.3.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_3-20 are shown in table 6.3.1.1-1.

Table 6.3.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	CA_3-20
	3
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	20
	
	
	Yes
	Yes
	
	
	


6.3.1.2
Co-existence studies for 2 UL/2 DL

Table 6.3.1.2-1 gives the intermodulation products for band 20 + band 3 CA with 2 DLs. For the 3-tone IMD analysis the maximum transmission as defined in table 6.3-1 is considered. Three-tone third order IMD products can fall into the band 20 receiver. However, these products will not fall into the BS own receive block if the frequency range as defined with the channel bandwidths given in table 6.3.1.1-1 are used for the more detailed IMD calculation. 

Considering bands in the same geographical area we observe that the BS distortion could fall into the BS receive bands of Band 42 and 43. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters the IMDs generated within the band 42 and 43 receiver should be well below the receiver noise floor eliminating the possibility of receiver desensitization. Provided that the Bands 20 and 7 BS transmitters should not share the same antenna with Band 42 or 43 BS receiver.
Table 6.3.1.2-1: Band 3 and Band 20 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	1805
	1880

	2nd order harmonics frequency range (MHz)
	1582 to 1642
	3610 to 3760

	3rd order harmonics frequency range (MHz)
	2373 to 2463
	5415 to 5640

	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)
	984 to 1089
	2596 to 2701

	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)
	163 to 298

3387 to 3522
	2789 to 2969

4401 to 4581

	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)
	771 to 841
	1795 to 1890


Table 6.3.1.2-2 gives the intermodulation products for band 20 + band 3 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 6.3-1 is considered. Three-tone third order IMD products can fall into the band 20 receiver. However, these products will not fall into the UE own receive block if the frequency range as defined with the channel bandwidths given in table 6.3.1.1-1 are used for the more detailed IMD calculation.

Considering bands in the same geographical area we observe that the UE distortion could fall into the UE receive bands of Band 7, 8, 38 and 42. The magnitudes of these possible IMD products have to be further studied with respect to spurious emission limits into these bands.
Table 6.3.1.2-2: Band 3 and Band 20 UL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	832
	862
	1710
	1785

	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)
	848 to 953
	2542 to 2647

	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)
	14 to 121

3374 to 3509
	2558 to 2738

4252 to 4432

	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)
	812 to 882
	1700 to 1795


6.3.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL, the tentative (TIB,c and (RIB values are given in the tables.
Table 6.3.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_3-20
	3
	0.3

	
	20
	0.3

	NOTE:  The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses


Table 6.3.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_3-20
	3
	0

	
	20
	0


6.4
LTE-Advanced Carrier Aggregation of Band 7 and Band 20
CA_7-20 inter-band combination is designed to operate in the following bands defined in table 6.4-1.
Table 6.4-1: Inter-band CA 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_7-20
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


6.4.1
List of specific combination issues
6.4.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_7-20 are shown in table 6.4.1.1-1.

Table 6.4.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	CA_7-20
	7
	
	
	
	Yes
	Yes
	Yes
	0

	
	20
	
	
	Yes
	Yes
	
	
	


6.4.1.2
Co-existence studies for 2 UL/2 DL

Table 6.4.1.2-1 gives the intermodulation products for band 7 + band 20 CA with 2 DLs. For the 3-tone IMD analysis the maximum transmission as defined in table 6.4-1 is considered. Three-tone third order IMD products can fall into the band 20 receiver. However, these products will not fall into the BS own receive block if the frequency range as defined with the channel bandwidths given in table 6.4.1.1-1 are used for the more detailed IMD calculation. 

Considering bands in the same geographical area we observe that the BS distortion could fall into the BS receive bands of Band 22, 38 and 42. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters the IMDs generated within the band 22, 38 and 42 receiver should be well below the receiver noise floor eliminating the possibility of receiver desensitization. Provided that the Bands 20 and 7 BS transmitters should not share the same antenna with Band 22, 38 or 42 BS receiver.
Table 6.4.1.2-1: Band 7 and Band 20 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2620
	2690

	2nd order harmonics frequency range (MHz)
	1582 to 1642
	5240 to 5380

	3rd order harmonics frequency range (MHz)
	2373 to 2463
	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)
	1799 to 1899
	3411 to 3511

	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)
	978 to 1108
	4419 to 4589

	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)
	771 to 841
	2610 to 2700


Table 6.4.1.2-2 gives the intermodulation products for band 20 + band 7 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 6.4-1 is considered. Two-tone and three-tone third order IMD products can fall into the band 20 receiver. However, these products will not fall into the UE own receive block if the frequency range as defined with the channel bandwidths given in table 6.4.1.1-1 are used for the more detailed IMD calculation.

Considering bands in the same geographical area we observe that the UE distortion falls into the UE receive bands of Band 38 and 42. The magnitude of these possible IMD products have to be further studied with respect to spurious emission limits into these bands.
Table 6.4.1.2-2: Band 7 and Band 20 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	832
	862
	2500
	2570

	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)
	1638 to 1738
	3332 to 3432

	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)
	776 to 906
	4138 to 4308

	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)
	812 to 882
	2490 to 2580


6.4.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL, the tentative (TIB,c and (RIB values are given in the tables.
Table 6.4.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_7-20
	7
	0.3

	
	20
	0.3

	NOTE:  The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses


Table 6.4.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_7-20
	7
	0

	
	20
	0


6.5
LTE-Advanced Carrier Aggregation of Band 1 and Band 19
CA_1-19 inter-band combination is designed to operate in the following bands defined in table 6.5-1.
Table 6.5-1: Inter-band CA 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_1-19
	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	


6.5.1
List of specific combination issues
6.5.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_1-19 are shown in table 6.5.1.1-1.

Table 6.5.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	CA_1-19
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	


6.5.1.2
Co-existence studies for 2 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 19 DL carriers can be calculated as shown in table 6.5.1.2-1 below:

Table 6.5.1.2-1: Band 1 and Band 19 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	875
	890
	2110
	2170

	2nd harmonics frequency limits (MHz) 
	1750
	1780
	4220
	4340

	3rd harmonics frequency limits (MHz)
	2625
	2670
	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)
	1220
	1295
	2985
	3060

	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)
	330
	420
	3330
	3465

	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)
	3860
	3950
	5095
	5230

	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)
	815
	950
	2095
	2185

	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)
	855
	910
	2095
	2185


It can be seen from table 6.5.1.2-1 that the 2nd harmonics of BS transmitting in Band 19 may fall into the BS receive band of Bands 3, 4, 9 and 10, the 3rd harmonics may fall into the BS receive band of Band 41, while the 3rd IMD products of BS supporting carrier aggregation of Band 1 and Band 19 may fall into the BS receive band of Bands 5, 6, 8, 18, 19, 20, 22, 26, 27 and 42. Note that the calculation in table 6.5.1.2-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 15 MHz DL frequency of Band 19. If the BS is only transmitting up to 20 MHz and 15MHz DL in Band 1 and Band 19 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Bands 5, 6, 18, 19, 22, 26, 27 and 42 as shown in the last row in table 6.5.1.2-1.

Currently, Bands 3, 4, 5, 8, 10, 20, 22, 26 and 27 are not intended for use in the same geographical area as Bands 1 and 19. Moreover, 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 6, 9, 18, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 19 BS transmitters do not share the same antenna with Band 6, 9, 18, 41 or 42 BS receiver.
Therefore, it is recommended that Bands 1 and 19 BS transmitters should not share the same antenna with Band 6, 9, 18, 41 or 42 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 6, 9, 18, 41 or 42 BS receiver desensitization.
Table 6.5.1.2-2 gives the inter-modulation products for Band 1 + Band 19 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 6.5.1.1-1 is considered.
Table 6.5.1.2-2: Band 1 and Band 19 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	824
	849
	1920
	1980

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	3840
	3960

	3rd harmonics frequency limits (MHz)
	2472
	2547
	5760
	5940

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

	IMD frequency limits (MHz)
	1071
	1156
	2744
	2829

	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)
	222
	332
	2991
	3136

	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)
	3568
	3678
	4664
	4809

	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)
	764
	909
	1895
	2005

	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)
	814
	859
	1910
	1990


The 3rd harmonics of UE transmitting in Band 19 may fall into the UE receiver band of Band 41. Two-tone and three-tone third order IMD products can fall into the Band 2, 5, 6, 18, 19, 20, 22, 25, 26, 27, 28, 33, 35, 36, 37, 39, 42, 43 and 44 receivers. However, these products will not fall into the UE receiver band of Band 5, 6, 19, 22, 28, 42, 43 and 44 if the frequency range as defined with the channel bandwidths given in table 1 is used for the more detailed IMD calculation.

Currently, considering bands in the same geographical area we observe that the UE distortion falls into the UE receive bands of Band 6, 18, 41 and 42. Usually the harmonics will be attenuated by the duplex filter and the impact for Band 41 can be ignored. The magnitude of these possible harmonics and IMD products has to be further studied with respect to spurious emission limits into these bands.
6.5.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL, the tentative (TIB,c and (RIB values are given in the tables.
Table 6.5.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1-19
	1
	0.31)

	
	19
	0.31)

	NOTE 1:  The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses


Table 6.5.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_1-19
	1
	0

	
	19
	0


************************ End of the text proposal for TR 36.8xx ******************************





























































































