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1. Introduction
In RAN #59, new work item for LTE Advanced dual uplink inter-band Carrier Aggregation Class A4 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 A4.
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 A4 is low-low, low-high or high-high band combination with intermodulation problem (low order IM).
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
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	B3+B5
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	


We find that this band combination CA with 1UL/2DL in class A1 has been discussed [2]. Therefore, the harmonics and IMD products calculation for 2DL is not discussed again in this proposal. We mainly focus on coexistence studies for 2 UL.
2.1 Coexistence studies for 2 UL/2 DL
2.1.1 CA_3-5 coexistence analysis
Table 2 shows the uplink and downlink frequency band for Band 3 and Band 5. 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_3-5
	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	


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

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	824
	849
	1710
	1785

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	3420
	3570

	3rd harmonics frequency limits (MHz)
	2472
	2547
	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)
	861
	961
	2534
	2634

	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)
	12
	137
	2571
	2746

	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)
	3358
	3483
	4244
	4419

	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)
	749
	924
	1685
	1810

	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)
	804
	869
	1700
	1795


The 2nd harmonics of UE transmitting in Band 3 may fall into the UE receive band of Bands 22 and 42, the 3rd harmonics of UE transmitting in Band 5 may fall into the UE receive band of Band 41. Two-tone and three-tone third order IMD products can fall into the Band 3, 5, 6, 7, 8, 13, 14, 18, 19, 20, 26, 27, 28, 38, 41 and 44 receivers. However, these products will not fall into the UE receiver band of Band 3, 5, 6, 13, 14, 19, 28 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 8 and 26. The IMD2 products fall into the UE receive band of Band 8 and the IMD3 products fall into the UE receive band of Band 26. The magnitude of these possible 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_3-5, and some frequency bands are present which are potential interfered in coexistence scenario.

In class A4, the band combination is low-low, low-high or high-high band combination with intermodulation problem (low order IM). 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 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_3-5, 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 the band combination CA_3-5 coexistence with 2UL/2DL in class A4 and propose that it’s suitable to keep the ∆TIB and ∆RIB values for CA_3-5 with 2UL application until new specification is required.
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9.2
LTE-Advanced Carrier Aggregation of Band 3 and Band 5
CA_3-5 inter-band combination is designed to operate in the following bands defined in table 9.2-1.
Table 9.2-1: 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_3-5
	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	


9.2.1
List of specific combination issues
9.2.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_3-5 are shown in table 9.2.1.1-1.

Table 9.2.1.1-1: 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
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_3-5
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	


9.2.1.2
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 3 and Band 5 DL carriers can be calculated as shown in table 9.2.1.2-1 below:
It can be seen from table 9.2.1.2-1 that the 2nd harmonics of BS transmitting in Band 3 and Band 5 may fall into the BS receive band of Bands 3, 4, 9, 10 and 43, and the 3rd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 38 and 41, while the 2nd IMD products of BS supporting CA of Band 3 and Band 5 may fall into the BS receive band of Bands 8 and 41, and the 3rd IMD products may fall into the BS receive band of Bands 2, 3, 5, 6, 8, 9, 14, 18, 19, 20, 25, 26, 27, 33, 35, 39, 42, 43 and 44. Note that the calculation in table 9.2.1.2-1 (except the last row) assumes the BS is transmitting with the whole 75 MHz DL frequency of Band 3 and the whole 25 MHz DL frequency of Band 5. If the BS is only transmitting an up to 20 MHz DL in Band 3 and an up to 10 MHz DL in Band 5 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 3, 5, 6, 9, 14, 18, 19, 26, 27, 33 or 44.
Table 9.2.1.2-1: Band 3 and Band 5 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	1805
	1880

	2nd order harmonics frequency range (MHz)
	1738
	1788
	3610
	3760

	3rd order harmonics frequency range (MHz)
	2607
	2682
	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)
	911
	1011
	2674
	2774

	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)
	17
	142
	2716
	2891

	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)
	3543
	3668
	4479
	4654

	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)
	794
	969
	1780
	1905

	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
	1795
	1890


Note that Bands 2, 4, 6, 9, 10, 14, 18, 19, 20, 25, 27, 33, 35, 38, 39, 41, 42, 43 and 44 are not intended for use in the same geographical area as Bands 3 and 5. Moreover, the 3rd IMD products will not fall into the BS receive band of Band 3, 5 or 26 if the BS is only transmitting an up to 20 MHz DL in Band 3 and an up to 10 MHz DL in Band 5, Consequently, the focus here will be on the harmonics and IMD products falling into Band 8 (3rd IMD products at 849 – 914 MHz). As shown above, the 2nd and 3rd order IMD products caused by mixing of Bands 3 and 5 DL carriers may fall within Band 8 UL used in South Korea if certain BS transmit configurations are used, and hence BS receiver desensitization may be an issue.
Therefore, it is recommended that Bands 3 and 5 BS transmitters should not share the same antenna with Band 8 BS receiver for the affected frequency ranges if the aforementioned BS transmit configurations are used, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 8 BS receiver desensitization.
Table 9.2.1.2-2 gives the inter-modulation products for Band 3 + Band 5 CA with 2 ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in table 9.2.1.1 -1 is considered.
Table 9.2.1.2-2: Band 3 and Band 5 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	824
	849
	1710
	1785

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	3420
	3570

	3rd harmonics frequency limits (MHz)
	2472
	2547
	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)
	861
	961
	2534
	2634

	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)
	12
	137
	2571
	2746

	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)
	3358
	3483
	4244
	4419

	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)
	749
	924
	1685
	1810

	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)
	804
	869
	1700
	1795


The 2nd harmonics of UE transmitting in Band 3 may fall into the UE receive band of Bands 22 and 42, the 3rd harmonics of UE transmitting in Band 5 may fall into the UE receive band of Band 41. Two-tone and three-tone third order IMD products can fall into the Band 3, 5, 6, 7, 8, 13, 14, 18, 19, 20, 26, 27, 28, 38, 41 and 44 receivers. However, these products will not fall into the UE receiver band of Band 3, 5, 6, 13, 14, 19, 28 and 44 if the frequency range as defined with the channel bandwidths given in table 9.2.1.1-1 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 8 and 26. The IMD2 products fall into the UE receive band of Band 8 and the IMD3 products fall into the UE receive band of Band 26. The magnitude of these possible IMD products has to be further studied with respect to spurious emission limits into these bands.
9.2.1.3
∆TIB and ∆RIB values

For two simultaneous DL and UL, the tentative (TIB,c and (RIB values are given in the tables.
Table 6.1.6.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_3-5
	3
	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 6.1.6.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_3-5
	3
	0

	
	5
	0


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





























































































