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Introduction
The grouping of the inter-band CA combinations in low-high and low-low or high-high bands with large or small band separation in order to understand possible diplexer/quadplexer losses was presented in [1] (Feb 2010). After years of discussion how to group the many inter-band CA scenarios, considering also intermodulation products [2], it was agreed in the Zhuhai #60bis meeting (Oct 2011) to have for all low-high band combinations without harmonic problems (Class A1 with 1UL) 0 dB REFSENS relaxation and 0.3 dB relaxation for PCMAX_L [3]. We can note that this follows the relaxation of the MOP tolerance for low-high bands in DB-DC-HSDPA, see reference [4] (Feb 2011) and the generic low-high inter-band CA scenario with band 1 + 5, [5]. For all the other combinations (including 2ULs) no simple way to group the combinations could be agreed and it was decided to consider them case-by-case. 
Noting the above  the current structure of the inter-band CA TR can be questioned as from an IMD point of view the groups with Class A2 to A4 can’t give any help. This was also noticed in the last meeting and from the discussion there we can understand that some vendor(s) like to have a reference architecture for inter-band CA and for that reason the Class A1 to A4 may be still relevant (see meeting minutes at R4-115683)
In this input all the “lower order“ IMD products for 1UL/2DL and 2UL/2DL are calculated for B3 + B7 CA. The structure can be also used in general for other inter-band CA combinations. Furthermore some headings of the TR have been slightly changed in order to adapt to the fact that Class A2 to A4 are not really related to IMD as mentioned above. 
IMD products in general
For two tones the following IMD products can be found causing possible desense or interference to the own or other bands:
· 2nd order: 2f1, 2f2, f1+f2, |f1-f2|
· 3rd order: |2f1-f2|, |2f2-f1|, 2f1+f2, 2f2+f1, 3f1, 3f2
The harmonics with 2f1, 3f1, etc. are of interest to the UE with 1UL. For three tones we can find additional 3rd order products at: 
· 3rd order: |f1-f2+f3|, |f1+f2-f3|, |f1-f2-f3|
Which as indicated in [6] could cause desense to the own band or interference to neighbour bands if sharing the same antenna BS system.  To the own band the problem exists if the duplex gap in “Band A” < the transmission BW in “Band B”.
We note that the IMD products above do not give any information of the magnitude for the IMD. For CA combinations as stretched in reference [7], [8] where intermodulation products may fall into the own band or in other close by receive bands a more detailed analysis on the distortion (magnitude) and filter attenuations may be needed. The frequency range where the IMD may cause problems depends on the used transmission bandwidth (e.g. 10 MHz or 20 MHz) and RB location/allocation. The analysis below considers the whole band which gives the worst case range. 
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[bookmark: _Toc310422355]6.3		Class A3. Low-low or high-high band combinations without intermodulation problem (low order IM) 
This chapter shall include all inter band CA combinations which can be included in the group low-low or high-high combinations without transmitter harmonics.
[bookmark: _Toc310422356]6.3.1	LTE-Advanced Carrier Aggregation of Band 3 and Band 7 (1 UL)
Table 6.3.1-1: Inter-band non-contiguous CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	
	BS receive / UE transmit
	Channel BW (MHz)
	BS transmit / UE receive
	Channel BW (MHz)
	

	
	
	FUL_low   –  FUL_high
	
	FUL_low   –  FUL_high
	
	

	CA_3-7
	3
	1710 MHz
	–
	1785 MHz
	5, 10, 15, 20 
(note 1)
	1805 MHz
	–
	1880 MHz
	5, 10, 15, 20
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	10, 15, 20 (note 1)
	2620 MHz
	–
	2690 MHz
	10, 15, 20
	

	NOTE 1:   The first part of the WI considers only one uplink component carrier to be used in any of the two frequency bands at any time.



[bookmark: _Toc310422357]6.3.1.1		List of specific combination issues
[bookmark: _Toc310422358]6.3.1.1.1	Channel bandwidths per operating band for CA
Table 6.3.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	7
	
	
	
	Yes
	Yes
	Yes



[bookmark: _Toc310422359]6.3.1.1.2	Co-existence studies for CA_3-71UL/2DL
Table 6.3.1.1.2-1 gives the intermodulation products for band 3 + band 7 CA with 2DLs. For the 3-tone IMD analysis the maximum transmission BW as defined in Table 6.3.1.1.1-1 is considered. None of the intermodulation products fall into the own receive bands.  Considering bands in the same geographical area we observe that the BS distortion could fall into the BS receive bands of Band 8, 20, 22, 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 8, 20, 22, 38, 42 and 43 receiver should be well below the receiver noise floor eliminating the possibility of receiver desensitization. Provided that the Bands 3 and 7 BS transmitters should not share the same antenna with Band 8, 20, 22, 38, 42 or 43 BS receiver.
Table 6.3.1.1.2-1: 2DLs B3 + B7 IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1805
	1880
	2620
	2690

	
	
	
	
	

	2nd order harmonics frequency range (MHz)
	3610 to 3760
	5240 to 5380

	3rd order harmonics frequency range (MHz)
	5415 to 5640
	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)
	740 to 885
	4425 to 4570

	
	
	
	
	

	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)
	920 to 1140
	3360 to 3575

	
	
	
	
	

	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)
	1785 to 1860
	2600 to 2670



Table 6.3.1.1.2-2 gives the intermodulation products for band 3 + band 7 CA with 1UL. None of the intermodulation products fall into the own receive bands. For the UE the distortion could fall into the UE receive bands for Band 22 and 43. As a UE does not simultaneous operate in B3 + B7 and any other band this should be not a problem in case the UE supports these bands . These bands are also rather far away from band 3 and band 7 and we can assume that the UE filter can effectively attenuate these IMD products.
Table 6.3.1.1.2-2: 1UL B3 + B7 IMD products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1785
	2500
	2570

	
	
	
	
	

	2nd order harmonics frequency range (MHz)
	3420 to 3570
	5000 to 5140

	3rd order harmonics frequency range (MHz)
	5130 to 5355
	7500 to 7710



6.3.1.1.3	Co-existence studies for 2UL/2DL
Table 6.3.1.1.2-1 gives the intermodulation products for band 3 + band 7 CA with 2ULs. . For the 3-tone IMD analysis the maximum transmission BW as defined in Table 6.3.1.1.1-1 is considered. None of the intermodulation products fall into the own receive bands.  Considering bands in the same geographical area we observe that the UE distortion could fall into the UE receive bands of Band 8, 20 and 42. As a UE does not simultaneous operate in B3 + B7 and any other band this should be not a problem in case the UE supports these bands . These bands are also rather far away from band 3 and band 7 and we can assume that the UE filter can effectively attenuate these IMD products.
We can conclude that for 2UL/2DL for band 3 + band 7 CA no additional relaxations in output power (A-MPR) and/or REFSENS or filter duplexer and diplexer/quadplexer requirements with respect to the 1UL/2DL due to IMD is needed.
Table 6.3.1.1.3-1: 2ULs B3 + B7 IMD products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1785
	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)
	715 to 860
	4210 to 4355

	
	
	
	
	

	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)
	850 to 1070
	3215 to 3430

	
	
	
	
	

	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)
	1690 to 1765
	2480 to 2550




As band 3 and band 7 are a high-high band combination the harmonic frequencies are far away from the receive and transmit bands of interest in the DL and UL (Table 6.3.1.1.2-1) and therefore we can conclude that there is no issue on harmonic interference.
Table 6.3.1.1.2-1: 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

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355
	3610
	3760
	5415
	5640

	7
	2500
	2570
	2620
	2690
	5000
	5140
	7500
	7710
	5240
	5380
	7860
	8070



Table 6.3.1.1.2-2 gives the frequency range of the third and fifth order intermodulation product when two simultaneous ULs are active in band 3 and band 7. It can be seen that the intermodulation products are not falling within the two inter-bands and therefore no further relaxation is needed.
Table 6.3.1.1.2-2: Third order and fifth order intermodulation products
	Band
	UL low band edge
	UL high band edge
	DL low band edge
	DL high band edge
	UL 3rd order products
	UL 5th order products

	3
	1710 MHz
	1785 MHz
	1805 MHz
	1880 MHz
	850 – 1070 MHz
3215 – 3430 MHz
	10 – 355 MHz
3930 – 4290 MHz

	7
	2500 MHz
	2570 MHz
	2620 MHz
	2690 MHz
	
	



[bookmark: _Toc310422360]6.3.1.1.3	∆TIB and ∆RIB values
The following ILs for ETC combining band 3 + 7 were reported:
Table 6.3.1.1.3-1: Reported ILs for band 3 + 7 diplexer and quadplexers for ETC
	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)

	3
	0.93
	0.85
	0.5

	7
	1.08
	0.8
	0.4



For the reported IL values there was no or only marginal difference for the Tx/Rx paths reported. With the average IL given as:
Table 6.3.1.1.3-2: Average Tx and Rx IL for combining band 3 and band 7 for ETC
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]

	

	3
	0.76
	0.76

	
	7
	0.76
	0.76



For two simultaneous DL and one UL the TIB,c and RIB values are given in the tables below:
 Table 6.3.1.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_3A-7A
	3
	FFS

	
	7
	FFS



Table 6.3.1.1.3-4: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_3A-7A
	3
	FFS

	
	7
	FFS
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