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Introduction
In this input all the “lower order“ IMD products for 1UL/2DL and 2UL/2DL are calculated for B20 + B7 CA.  This input follows the same principal for the IMD analysis as done by ALU in reference [1], [2] and for band 3 + 7 in reference [3].
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 [1], [2] 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 may exist 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 [4], [5] 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. 
References

[1]
R4-114863, “Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (7 + 20)”, Alcatel-Lucent, 3GPP TSG-RAN WG4 Meeting #60bis, Zhuhai, China, 10 – 14 October 2011
[2]
R4-115519, “Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products for Band Combination (7 + 20)”,  Alcatel-Lucent, 3GPP TSG-RAN WG4 Meeting #61, San Francisco, CA, 14 – 18 November 2011

[3]
R4-120123, “TP for TR ab.cde (inter-band CA): 1UL/2DL 2UL/2DL IMD study for B3 + B7 CA”, TeliaSonera AB, 3GPP TSG-RAN WG4 Meeting #62, Dresden, Germany, 6 – 10 February, 2012
[4]
R4-112600, “Harmonics and inter-band carrier aggregation”, Ericsson, 3GPP TSG-RAN WG4 Meeting #59, Barcelona, Spain, 9 – 13 May 2011.
[5]
R4-115296, “Considerations of Inter-band combinations with IM2 problem”, Renesas, 3GPP TSG-RAN WG4 Meeting #60bis, Zhuhai, P.R. of China, Oct 10th - 14th , 2011.
Text proposal for inter-band carrier aggregation TR ab.cde V0.2.0 (Release 11)
----- Unchanged sections omitted -----
----- Start of TP -----
6.1.2
LTE Advanced Carrier Aggregation of Band 20 and Band 7
CA_20-7 is designed to operate in the operating bands defined in Table 6.1.2-1.

Table 6.1.2-1: 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_20-7
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


6.1.2.1

List of specific combination issues

6.1.2.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_20-7 are shown in Table 6.1.2.1.1-1.

Table 6.1.2.1-1: 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_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes

	
	20
	
	
	Yes
	Yes
	
	


6.1.2.1.2
Co-existence studies for 1UL/2DL
Table 6.1.2.1.2-1 gives the intermodulation products for band 20 + band 7 CA with 2DLs. For the 3-tone IMD analysis the maximum transmission as defined in Table 6.1.2.1-1 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 6.1.2.1-1 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 6.1.2.1.2-1: 2DLs B20 + B7 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 6.1.2.1.2-2 gives the intermodulation products for band 20 + band 7 CA with 1UL.None of the intermodulation products fall into the own receive bands. For the case where 3rd order harmonic of band 20 falls into the downlink of band 38, the current TS 36.101 already has requirements covering this case. For the case where 3rd order harmonic of band 20 falls into Band 7 uplink when both carriers are active, since the suppression of harmonic is relative large (e.g. 80 dB) compared to the power difference between the two active carriers, the impact to high band transmitter can be ignored. Hence no further relaxation is needed.
Table 6.1.2.1.2-2: 1UL B20 + B7 harmonic products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	832
	862
	2500
	2570

	2ndoder harmonics frequency range (MHz)
	1664 to 1724
	5000 to 5140

	3rdoder harmonics frequency range (MHz)
	2496 to 2586
	7500 to 7710


6.1.2.1.3
Co-existence studies for 2UL/2DL

Table 6.1.2.1.3-1 gives the intermodulation products for band 20 + band 7 CA with 2ULs. For the 3-tone IMD analysis the maximum transmission BW as defined in Table 6.1.2.1-1 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 6.1.2.1-1 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 6.1.2.1.3-1: 2ULs B20 + B7 IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	832
	862
	2500
	2570

	Two-tone 2ndoder 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




	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



6.1.2.1.3
ΔTIB,c and ΔRIB (1UL/2DL)
For the UE which supports CA_7-20 the ΔTIB,c is defined for applicable bands in Table 6.1.2.1.3-1.
Table 6.1.2.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_20A-7A
	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.


For the UE which supports CA_20-7 the ΔRIB is defined for applicable bands in Table 6.1.2.1.3-2.

Table 6.1.2.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_7A-20A
	7
	0

	
	20
	0


----- End of TP -----
