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1 Introduction
This contribution presents the Harmonic and IMD analysis for the aggregation of Band 1 and Band 20 in DL while there is only 1 UL active. Additionally after the analysis is presented, the combination is proposed to be considered as A1 category and therefore the relaxations for that category apply.
2 Discussion

CA_1A-20A is designed to operate in the operating bands defined in table 6.1.X-1.

Table 6.1.X-1: Inter band CA operating bands
	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
	
	FDL_low   –  FDL_high
	
	

	CA_1-20
	1
	1920 MHz
	–
	1980 MHz
	5, 10, 15 
	2110 MHz
	–
	2170 MHz
	5, 10, 15
	FDD

	
	20
	832 MHz
	–
	862 MHz
	5, 10
	791 MHz
	–
	821 MHz
	5, 10
	


6.1.X.1

List of specific combination issues

6.1.X.1.1
Channel bandwidths per operating band for CA

Table 6.1.X.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregate bandwidth [MHz]
	Bandwidth Combination Set

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

	CA_1A-20A
	1
	
	
	Yes
	Yes
	Yes
	
	25
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	


6.1.X.1.2
Co-existence studies for CA_1-20
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 20 DL carriers can be calculated as shown in table 6.1.X.1.2-1 below:

Table 6.1.X.1.2-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2110
	2170

	2nd order harmonics frequency range (MHz)
	1582 to 1642
	4220 to 4340

	3rd order harmonics frequency range (MHz)
	2373 to 2463
	6330 to 6510

	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)
	1289 to 1379
	2901 to 2991

	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)
	468 to 588

3692 to 3812
	3399 to 3549

5011 to 5161

	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)
	776 to 836
	2100 to 2180


As it can be seen from Table 6.1.X.1.2-1, the 2nd and 3rd order harmonics from BS transmitting in Band 20 may fall in the BS receive band of Bands 24, 40. 3rd order IMD products may fall into the BS receive band of Bands 5, 6, 13, 14, 18, 19, 20, 22, 26, 27, 42, 43.

Note that the calculation in Table 6.1.X.1.2-1 (except the last row) assumes the BS is transmitting with the whole 30 MHz DL frequency of Band 20 and the whole 60 MHz DL frequency of Band 1. If the BS is only transmitting up to 10 MHz DL in Band 20 and up to 15 MHz DL in Band 1 as stated in the WID, then the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 5, 6, 13, 14, 18, 19, 20, 26, 27, of which only Band 20 is intended to be used in the same geographical area.

 The transmit configurations of the BS transmitting in Bands 1+20 with 3rd IMD products into Band 20 receive band are:

Table 6.1.X.1.2-2: Band (1 + 20) BS transmit configurations with 3rd IMD within Bands 20 BS receive band (832-862MHz)

	Band 20 DL channel bandwidth (MHz)
	Upper edge of Band 20 DL frequency block (MHz)
	Band 1 DL channel bandwidth (MHz)
	IMD frequency limits (MHz)

	5
	816 - 821
	5
	811 - 826

	5
	816 - 821
	10
	806 - 831

	5
	816 - 821
	15
	801 - 836 

	10
	811 - 821
	5
	806 - 826

	10
	811 - 821
	10
	801 – 831

	10
	811 - 821
	15
	796 - 836


As it can be seen from Table 6.1.X.1.2-2 only when Band 1 uses 15MHz there may be IMD products falling into Band 20 receive band. In such cases, it could be necessary to avoid sharing the same RF path for both transmitter and receiver side, or avoid such configurations in the BS.
In Table 6.1.X.1.2-3 the harmonic interference study is provided from UL perspective for Band 1 and 20. It can be seen that the harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 6.1.X.1.2-3. Therefore it can be concluded that there is no issue on harmonic interference.
Table 6.1.X.1.2-3: Impact of UL Harmonic Interference
	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	1
	1920
	1980
	3840
	3960
	5760
	5940

	20
	832
	862
	1664
	1724
	2496
	2586


Because of the above analysis 1+20 is considered to be Class A1, and therefore the relaxations that are applicable to that category apply to 1+20. In the following section a text proposal is provided where the relaxations for Class A1 are also proposed.
3 Text proposal
--- start of TP ---
6.1.X

LTE Advanced Carrier Aggregation of Band 1 and Band 20
CA_1A-20A is designed to operate in the operating bands defined in table 6.1.X-1.

Table 6.1.X-1: Inter band CA operating bands
	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
	
	FDL_low   –  FDL_high
	
	

	CA_1-20
	1
	1920 MHz
	–
	1980 MHz
	5, 10, 15 
	2110 MHz
	–
	2170 MHz
	5, 10, 15
	FDD

	
	20
	832 MHz
	–
	862 MHz
	5, 10
	791 MHz
	–
	821 MHz
	5, 10
	


6.1.X.1

List of specific combination issues

6.1.X.1.1
Channel bandwidths per operating band for CA

Table 6.1.X.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregate bandwidth [MHz]
	Bandwidth Combination Set

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

	CA_1A-20A
	1
	
	
	Yes
	Yes
	Yes
	
	25
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	


6.1.X.1.2
Co-existence studies for CA_1-20
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 20 DL carriers can be calculated as shown in table 6.1.X.1.2-1 below:

Table 6.1.X.1.2-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2110
	2170

	2nd order harmonics frequency range (MHz)
	1582 to 1642
	4220 to 4340

	3rd order harmonics frequency range (MHz)
	2373 to 2463
	6330 to 6510

	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)
	1289 to 1379
	2901 to 2991

	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)
	468 to 588

3692 to 3812
	3399 to 3549

5011 to 5161

	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)
	776 to 836
	2100 to 2180


As it can be seen from Table 6.1.X.1.2-1, the 2nd and 3rd order harmonics from BS transmitting in Band 20 may fall in the BS receive band of Bands 24, 40. 3rd order IMD products may fall into the BS receive band of Bands 5, 6, 13, 14, 18, 19, 20, 22, 26, 27, 42, 43.

Note that the calculation in Table 6.1.X.1.2-1 (except the last row) assumes the BS is transmitting with the whole 30 MHz DL frequency of Band 20 and the whole 60 MHz DL frequency of Band 1. If the BS is only transmitting up to 10 MHz DL in Band 20 and up to 15 MHz DL in Band 1 as stated in the WID, then the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 5, 6, 13, 14, 18, 19, 20, 26, 27, of which only Band 20 is intended to be used in the same geographical area.

 The transmit configurations of the BS transmitting in Bands 1+20 with 3rd IMD products into Band 20 receive band are:

Table 6.1.X.1.2-2: Band (1 + 20) BS transmit configurations with 3rd IMD within Bands 20 BS receive band (832-862MHz)

	Band 20 DL channel bandwidth (MHz)
	Upper edge of Band 20 DL frequency block (MHz)
	Band 1 DL channel bandwidth (MHz)
	IMD frequency limits (MHz)

	5
	816 - 821
	5
	811 - 826

	5
	816 - 821
	10
	806 - 831

	5
	816 - 821
	15
	801 - 836 

	10
	811 - 821
	5
	806 - 826

	10
	811 - 821
	10
	801 – 831

	10
	811 - 821
	15
	796 - 836


As it can be seen from Table 6.1.X.1.2-2 only when Band 1 uses 15MHz there may be IMD products falling into Band 20 receive band. In such cases, it could be necessary to avoid sharing the same RF path for both transmitter and receiver side, or avoid such configurations in the BS.
In Table 6.1.X.1.2-3 the harmonic interference study is provided from UL perspective for Band 1 and 20. It can be seen that the harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 6.1.X.1.2-3. Therefore it can be concluded that there is no issue on harmonic interference.
Table 6.1.X.1.2-3: Impact of UL Harmonic Interference
	
	
	
	2nd  Harmonic
	3rd  Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	1
	1920
	1980
	3840
	3960
	5760
	5940

	20
	832
	862
	1664
	1724
	2496
	2586


6.1.X.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 1 and Band 20.

Table 6.1.X.1.3-1: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-20A
	1
	0.3

	
	20
	0.3


Table 6.1.X.1.3-2: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_1A-20A
	1
	0

	
	20
	0


--- end of TP ---
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