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1. Introduction
In RAN #59, new work item for LTE Advanced dual uplink inter-band Carrier Aggregation Class A2 was agreed to define the technical specifications [1]. In the past several meetings, we mainly discussed inter-band carrier aggregation with 1UL/2DL. As a reference, we can continue to analyze 2UL as 1UL. In this contribution, we discuss coexistence for 2UL with class A2.
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 A2 is low-high band combination with harmonic relation between bands.
The following table describes the considered band combinations of this WI: 
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

	B3+B8
	3
	
	
	
	Yes
	Yes
	Yes
	0

	
	8
	
	
	Yes
	Yes
	
	
	

	
	3
	
	
	
	Yes
	
	
	1

	
	8
	
	
	Yes
	Yes
	
	
	

	B4+B12
	4
	Yes
	Yes
	Yes
	Yes
	
	
	0

	
	12
	
	
	Yes
	Yes
	
	
	

	B4+B17
	4
	
	
	Yes
	Yes
	
	
	0

	
	17
	
	
	Yes
	Yes
	
	
	


From table 1, we can find that the band combinations are the same as 1UL cases in [2]. Here, we only analyze harmonics and IMD products for 2UL; because of 2DL case has been discussed.
2.1 Coexistence studies for 2 UL/2 DL
2.1.1 CA_4-17 coexistence analysis
Table 2 shows the uplink and downlink frequency range for Band 4 and Band 17. Harmonics and intermodulation 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_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


2.1.1.1 Harmonics and IMD products calculation for 2UL
Table 3 gives the intermodulation products for Band 4 + Band 17 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 1 is considered. 
Table 3: Band 4 and Band 17 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	704
	716
	1710
	1755

	2nd harmonics frequency limits (MHz) 
	1408
	1432
	3420
	3510

	3rd harmonics frequency limits (MHz)
	2112
	2148
	5130
	5265

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

	IMD frequency limits (MHz)
	994
	1051
	2414
	2471

	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)
	278
	347
	2704
	2806

	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)
	3118
	3187
	4124
	4226

	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)
	659
	761
	1698
	1767

	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)
	694
	726
	1700
	1765


The 2nd harmonics of UE transmitting in Band 4 may fall into the UE receiver band of Band 42, the 3rd harmonics of UE transmitting in Band 17 may fall into the UE receiver band of Band 1, 4 and 10. Two-tone and three-tone third order IMD products can fall into the Band 12, 13, 14, 17, 28 and 44 receivers. However, these products will not fall into the UE receiver band of Band 12, 13, 14, 17 and 28 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 4, 10, 12, 13, 14 and 42. For the case where 2nd or 3rd harmonics falls into the UE receiver band 4, 10 and 42, since the suppression of harmonic is relative large and the impact of them 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.
2.1.2 CA_4-12 coexistence analysis
Table 4 shows the uplink and downlink frequency range for Band 4 and Band 12. Harmonics and intermodulation products are presented for coexistence analysis.
Table 4: 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_4-12
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	


2.1.2.1 Harmonics and IMD products calculation for 2UL
Table 5 gives the intermodulation products for Band 4 + Band 12 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 1 is considered.
Table 5: Band 4 and Band 12 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	699
	716
	1710
	1755

	2nd harmonics frequency limits (MHz) 
	1398
	1432
	3420
	3510

	3rd harmonics frequency limits (MHz)
	2097
	2148
	5130
	5265

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

	IMD frequency limits (MHz)
	994
	1056
	2409
	2471

	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)
	278
	357
	2704
	2811

	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)
	3108
	3187
	4119
	4226

	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)
	654
	761
	1693
	1772

	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)
	689
	726
	1700
	1765


The 2nd harmonics of UE transmitting in Band 4 may fall into the UE receiver band of Band 42, the 3rd harmonics of UE transmitting in Band 12 may fall into the UE receiver band of Band 1, 4 and 10. Two-tone and three-tone third order IMD products can fall into the Band 12, 13, 14, 17, 28 and 44 receivers. However, these products will not fall into the UE receiver band of Band 12, 13, 14, 17 and 28 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 4, 10, 13, 14, 17 and 42. For the case where 2nd or 3rd harmonics falls into the UE receiver band 4, 10 and 42, since the suppression of harmonic is relative large and the impact of them 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.
2.1.3 CA_3-8 coexistence analysis
Table 6 shows the uplink and downlink frequency range for Band 3 and Band 8. Harmonics and intermodulation products are presented for coexistence analysis.
Table 6: 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_3-8
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	


2.1.3.1 Harmonics and IMD products calculation for 2UL
Table 7 gives the intermodulation products for Band 3 + Band 8 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 1 is considered.
The 2nd and 3rd harmonics of UE transmitting in Band 8 may fall into the UE receiver band of Band 3, 7 and 41, the 2nd harmonics of UE transmitting in Band 3 may fall into the UE receiver band of Band 22 and 42. Two-tone and three-tone third order IMD products can fall into the Band 5, 6, 7, 8, 18, 19, 20, 22, 26, 27, 28, 38, 41, 42, 43 and 44 receivers. However, these products will not fall into the UE receiver band of Band 3, 20 and 27 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 5 and 26. The magnitude of these possible IMD products has to be further studied with respect to spurious emission limits into these bands.
Table 7: Band 3 and Band 8 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	880
	915
	1710
	1785

	2nd harmonics frequency limits (MHz) 
	1760
	1830
	3420
	3570

	3rd harmonics frequency limits (MHz)
	2640
	2745
	5130
	5355

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

	IMD frequency limits (MHz)
	795
	905
	2590
	2700

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

	IMD frequency limits (MHz)
	25
	120
	2505
	2690

	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)
	3470
	3615
	4300
	4485

	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)
	805
	990
	1675
	1820

	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)
	870
	925
	1700
	1795


2.2 Other problems
The above discussion focuses on coexistence for CA_3-8, CA_4-12 and CA_4-17, and some frequency bands are present which are potential interfered in coexistence scenario.

In class A2, the band combination is low-high band combination with harmonic relation between bands. For inter-band carrier aggregation with 2UL, the main difference between 1UL and 2UL is that the intermodulation products will interfere with other UE receiving bands. The magnitude of these possible 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_3-8, CA_4-12 and CA_4-17 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. For test configuration of MSD, we need to further study.
3. Conclusion

In this contribution, we analyze different band combinations coexistence with 2UL/2DL in class A2 and propose that it’s suitable to keep the ∆TIB and ∆RIB values for CA_3-8, CA_4-12 and CA_4-17 with 2UL application. 
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7.2
LTE-Advanced Carrier Aggregation of Band 3 and Band 8
CA_3-8 inter-band combination is designed to operate in the following bands defined in table 7.2-1.
Table 7.2-1: 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_3-8
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	


7.2.1
List of specific combination issues
7.2.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_3-8 are shown in table 7.2.1.1-1.

Table 7.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Bandwidth combination set

	CA_3-8
	3
	
	
	
	Yes
	Yes
	Yes
	0

	
	8
	
	
	Yes
	Yes
	
	
	

	
	3
	
	
	
	Yes
	
	
	1

	
	8
	
	
	Yes
	Yes
	
	
	


7.2.1.2
Co-existence studies for 2 UL/2 DL

Table 7.2.1.2-1 summarizes frequency ranges where harmonics occur due to Band 3 or Band 8 for DL. It can be seen that distortions caused by 2nd order harmonics of Band 8 locates within the passband of Band 3. Additional filtering or de-sensitisation may be necessary.
Table 7.2.1.2-1: Band 3 and Band 8 DL harmonics and IMD products
	
	
	
	2nd  Harmonic
	3rd Harmonic
	
	

	Band
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL 2nd order products
	DL 3rd order products

	3
	1805
	1880
	3610
	3760
	5415
	5640
	845-955 MHz

2730 – 2840 MHz
	2650 – 2835 MHz

3655 – 3800 MHz

4535 – 4720 MHz

	8
	925
	960
	1850
	1920
	2775
	2880
	
	


Table 7.2.1.2-2 gives the intermodulation products for Band 3 + Band 8 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 7.2.1.1-1 is considered.
The 2nd and 3rd harmonics of UE transmitting in Band 8 may fall into the UE receiver band of Band 3, 7 and 41, the 2nd harmonics of UE transmitting in Band 3 may fall into the UE receiver band of Band 22 and 42. Two-tone and three-tone third order IMD products can fall into the Band 5, 6, 7, 8, 18, 19, 20, 22, 26, 27, 28, 38, 41, 42, 43 and 44 receivers. However, these products will not fall into the UE receiver band of Band 3, 20 and 27 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 5 and 26. The magnitude of these possible IMD products has to be further studied with respect to spurious emission limits into these bands.
Table 7.2.1.2-2: Band 3 and Band 8 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	880
	915
	1710
	1785

	2nd harmonics frequency limits (MHz) 
	1760
	1830
	3420
	3570

	3rd harmonics frequency limits (MHz)
	2640
	2745
	5130
	5355

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

	IMD frequency limits (MHz)
	795
	905
	2590
	2700

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

	IMD frequency limits (MHz)
	25
	120
	2505
	2690

	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)
	3470
	3615
	4300
	4485

	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)
	805
	990
	1675
	1820

	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)
	870
	925
	1700
	1795


7.2.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL the (TIB,c and (RIB values are shown in table 7.2.1.3-1, and in table 7.2.1.3-2:

Table 7.2.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3-8
	3
	0.3

	
	8
	0.3


Table 7.2.1.3-2: ΔRIB 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_3-8
	3
	0

	
	8
	0


7.3
LTE-Advanced Carrier Aggregation of Band 4 and Band 12
CA_4-12 inter-band combination is designed to operate in the following bands defined in table 7.3-1.
Table 7.3-1: 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_4-12
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	


7.3.1
List of specific combination issues
7.3.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_4-12 are shown in table 7.3.1.1-1.

Table 7.3.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Bandwidth combination set

	CA_4-12
	4
	4
	Yes
	Yes
	Yes
	Yes
	
	0

	
	12
	12
	
	
	Yes
	Yes
	
	


7.3.1.2
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 4 and Band 12 DL carriers can be calculated as shown in table 7.3.1.2-1 below:
Table 7.3.1.2-1: Band 4 and Band 12 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	729
	746
	2110
	2155

	2nd harmonics frequency limits (MHz) 
	1458
	1492
	4220
	4310

	3rd harmonics frequency limits (MHz)
	2187
	2238
	6330
	6465

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

	IMD frequency limits (MHz)
	1364
	1426
	2839
	22901

	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)
	618
	697
	3474
	3581

	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
	3647
	4949
	5056

	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)
	684
	791
	2093
	2172

	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)
	719
	756
	2100
	2165


It can be seen from table 7.3.1.2-1 that the 3rd IMD products of BS supporting carrier aggregation of Band 4 and Band 12 may fall into the BS receive band of Bands 12, 13, 14, 17, 22, 28, 42, 43 and 44. Note that the calculation in table 7.3.1.2-1 (except the last row) assumes the BS is transmitting with the whole 45 MHz DL frequency of Band 4 and the whole 17 MHz DL frequency of Band 12. If the BS is only transmitting up to 10 MHz DL in Band 4 and Band 12 as stated in the WIDS, then the 3rd IMD products will fall into the BS receive band of Bands 12, 13 and 17 as shown in the last row in table 7.3.1.2-1.

Note that Bands 21, 28 and 44 are not intended for use in the same geographical area as Bands 4 and 12. 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 22, 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 4 and 12 BS transmitters do not share the same antenna with Band 22, 42 or 43 BS receiver.

Therefore, it is recommended that Bands 4 and 12 BS transmitters should not share the same antenna with Band 22, 42 or 43 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 22, 42 or 43 BS receiver desensitization.
Table 7.3.1.2-2 gives the inter-modulation products for Band 4 + Band 12 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 7.3.1.1 -1 is considered.
Table 7.3.1.2-2: Band 4 and Band 12 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	699
	716
	1710
	1755

	2nd harmonics frequency limits (MHz) 
	1398
	1432
	3420
	3510

	3rd harmonics frequency limits (MHz)
	2097
	2148
	5130
	5265

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

	IMD frequency limits (MHz)
	994
	1056
	2409
	2471

	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)
	278
	357
	2704
	2811

	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)
	3108
	3187
	4119
	4226

	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)
	654
	761
	1693
	1772

	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)
	689
	726
	1700
	1765


The 2nd harmonics of UE transmitting in Band 4 may fall into the UE receiver band of Band 42, the 3rd harmonics of UE transmitting in Band 12 may fall into the UE receiver band of Band 1, 4 and 10. Two-tone and three-tone third order IMD products can fall into the Band 12, 13, 14, 17, 28 and 44 receivers. However, these products will not fall into the UE receiver band of Band 12, 13, 14, 17 and 28 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 4, 10, 13, 14, 17 and 42. For the case where 2nd or 3rd harmonics falls into the UE receiver band 4, 10 and 42, since the suppression of harmonic is relative large and the impact of them 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.
7.3.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL the (TIB,c and (RIB values are shown in table 7.3.1.3-1, and in table 7.3.1.3-2:

Table 7.3.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4-12
	4
	0.3

	
	12
	0.8


Table 7.3.1.3-2: ΔRIB 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_4-12
	4
	0

	
	12
	0.5


7.4
LTE-Advanced Carrier Aggregation of Band 4 and Band 17
CA_4-17 inter-band combination is designed to operate in the following bands defined in table 7.4-1.
Table 7.4-1: 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_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


7.4.1
List of specific combination issues
7.4.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_4-17 are shown in table 7.4.1.1-1.

Table 7.4.1.1-1: 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_4-17
	4
	
	
	Yes
	Yes
	
	
	0

	
	17
	
	
	Yes
	Yes
	
	
	


7.4.1.2
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 4 and Band 17 DL carriers can be calculated as shown in table 7.4.1.2-1 below:
Table 7.4.1.2-1: Band 4 and Band 17 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	734
	746
	2110
	2155

	2nd order harmonics frequency range (MHz)
	1468
	1492
	4220
	4310

	3rd order harmonics frequency range (MHz)
	2202
	2238
	6330
	6465

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

	IMD frequency limits (MHz)
	1364
	1421
	2844
	2901

	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)
	618
	687
	3474
	3576

	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)
	3578
	3647
	4954
	5056

	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)
	689
	791
	2098
	2167


It can be seen from table 7.4.1.2-1 that the 2nd and 3rd harmonics as well as the 2nd IMD products of BS transmitting in Bands 4 and 17 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 17 may fall into the BS receive band of Bands 12, 13, 14, 17, 22, 42 and 43. Note that the calculation in table 7.4.1.2-1 assumes the BS is transmitting with the whole 45 MHz DL frequency of Band 4 and the whole 10 MHz DL frequency of Band 17. If the BS is only transmitting an up to 10 MHz DL in Band 4 and a 10 MHz DL in Band 17 as stated in the WIDS, then the 3rd  IMD products will not fall into the BS receive band of Bands 12, 13, 14 and 17.

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, 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 4 and 17 BS transmitters do not share the same antenna with Band 22, 42 or 43 BS receiver.

And it is recommended that Bands 4 and 17 BS transmitters should not share the same antenna with Band 22, 42 or 43 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 22, 42 or 43 BS receiver desensitization.
Table 7.4.1.2-2 gives the inter-modulation products for Band 4 + Band 17 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 7.4.1.1-1 is considered.
Table 7.4.1.2-2: Band 4 and Band 17 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	704
	716
	1710
	1755

	2nd harmonics frequency limits (MHz) 
	1408
	1432
	3420
	3510

	3rd harmonics frequency limits (MHz)
	2112
	2148
	5130
	5265

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

	IMD frequency limits (MHz)
	994
	1051
	2414
	2471

	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)
	278
	347
	2704
	2806

	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)
	3118
	3187
	4124
	4226

	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)
	659
	761
	1698
	1767

	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)
	694
	726
	1700
	1765


The 2nd harmonics of UE transmitting in Band 4 may fall into the UE receiver band of Band 42, the 3rd harmonics of UE transmitting in Band 17 may fall into the UE receiver band of Band 1, 4 and 10. Two-tone and three-tone third order IMD products can fall into the Band 12, 13, 14, 17, 28 and 44 receivers. However, these products will not fall into the UE receiver band of Band 12, 13, 14, 17 and 28 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 4, 10, 12, 13, 14 and 42. For the case where 2nd or 3rd harmonics falls into the UE receiver band 4, 10 and 42, since the suppression of harmonic is relative large and the impact of them 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.
7.4.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL the (TIB,c and (RIB values are shown in table 7.4.1.3-1, and in table 7.4.1.3-2:

Table 7.4.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4-17
	3
	0.3

	
	8
	0.8


Table 7.4.1.3-2: ΔRIB 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_4-17
	4
	0

	
	17
	0.5


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





























































































