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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is a technical report for LTE Advanced Dual Uplink Inter-band Carrier Aggregation under Rel-12 time frame. The purpose is to gather the relevant background information and studies in order to address Dual Uplink Inter-band Carrier Aggregation requirements.
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Carrier aggregation: Aggregation of two or more component carriers in order to support wider transmission bandwidths. 

Channel bandwidth: The RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.

Inter-band carrier aggregation: Carrier aggregation of component carriers in different operating bands.

NOTE:
Carriers aggregated in each band can be contiguous or non-contiguous.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

FDL_low
The lowest frequency of the downlink operating band

FDL_high
The highest frequency of the downlink operating band

FUL_low
The lowest frequency of the uplink operating band

FUL_high
The highest frequency of the uplink operating band 

ΔRIB,c
Allowed reference sensitivity relaxation due to support for inter-band CA operation, for serving cell c.

ΔTIB,c
Allowed maximum configured output power relaxation due to support for  inter-band CA operation, for serving cell c.

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1]. 

A-MPR
Additional Maximum Power Reduction

BS
Base Station

CA
Carrier Aggregation

CA_X-Y
CA for band X and band Y where X and Y are the applicable E-UTRA operating band

CC
Component Carriers 
DL
Downlink

E-UTRA 
Evolved UMTS Terrestrial Radio Access

FDD
Frequency Division Duplex

PA
Power Amplifier 

REFSENS
Reference Sensitivity power level

TDD
Time Division Duplex

UE
User Equipment 

UL
Uplink

4
Background

The present document is a technical report for LTE Advanced Dual Uplink Inter-band Carrier Aggregation under Rel-12 time frame. It covers both the UE and BS side. The document is divided in two different parts:

- 
Common part: this part covers general BS and UE issues for all CA classes. 

- 
CA class part:  this part covers each CA class in parallel clauses. For each CA class, general part for this specific CA class and each band combination with specific issues will be structured in separate sub-clauses.
4.1 
TR Maintenance

A single company is responsible for introducing all approved TPs in the current TR, TR editor. However, it is the responsibility of the rapporteur of each WI to ensure that the TPs related to the WI have been implemented. 

5
Dual Uplink Inter-band Carrier Aggregation: CA classes general part

5.1

BS specific 
Since current 2UL inter-band CA classes are specified from UE point of view and should be agnostic to BS implementation that supports CA, it is envisioned that the current BS requirements shall remain unchanged. However, the applicability of requirements depends on the BS type. A typical implementation is that different RF modules are used for different bands, thus single band requirements shall apply in this case. For some close band combinations, if multi-band receiver is declared to receive both uplink carriers, the exclusions and provisions in RX requirements for BS capable of multi-band operation shall apply.
5.2

UE specific 
5.2.1
UE Coexistence requirements for Dual UL CA when the aggregated bands are from different regions
Most dual-uplink inter-band CA combinations are from the same regions as shown in table 5.2.1-1. But some inter-band CA combinations are from the inter-regions such as B1+B5, B3+B5 and B4+B7 combinations.
Table 5.2.1-1: Dual-uplink inter-band CA combination lists
	Class
	Band Combination
	Frequency
	Deployment Regions

	Dual-uplink

Inter-band CA
	A1
	B1+B5 
	2.1G+800M
	Inter-regions

(Region 1+2+3)

	
	
	B1+B19
	2.1G+800M
	Region 3

	
	
	B3+B20
	1.8G+800M
	Region 1

	
	
	B7+B28
	2.6G+700M
	Region 2

	
	
	B2+B13
	1.9G+700M
	Region 2

	
	
	B4+B13
	2.1G+700M
	Region 2

	
	A2
	B3+B8 
	1.8G+900M
	Region 3

	
	
	B4+B12
	2.1G+700M
	Region 2

	
	
	B4+B17
	2.1G+700M
	Region 2

	
	A3
	B1+B7
	2.1G+2.6G
	Region 1

	
	
	B3+B7 
	1.7G+2.6G
	Region 1

	
	
	B4+B7 
	1.7G+2.6G
	Inter-regions

(Region 1+2+3)

	
	
	B5+B12 
	800M+700M
	Region 2

	
	
	B5+B17 
	800M+700M
	Region 2

	
	A4
	B3+B5 
	1.8G+800M
	Inter-regions

(Region 1+2+3)

	
	
	B2+B4
	1.9G+2.1G 
	Region 2

	
	
	B7+B20 
	2.6G+800M
	Region 1

	
	
	B3+B26
	1.8G+800M 
	Region 3

	
	
	B3+B19
	1.8G+800M
	Region 3

	
	
	B5+B7
	800M+2.6G
	Region 3

	
	
	B1+B3
	2.1G+1.8G
	Region 3

	
	
	B3+B8 
	1.8G+900M
	Region 3

	
	A5
	B1+B21 
	2.1G+1.4G
	Region 3

	
	
	B19+B21
	800M+1.4G
	Region 3


For the 1UL/2DL inter-band CA UE, the aggressor signal is generated in 1 UL band same as rel-8/9 UE. So it is possible to follow the conventional UE-to-UE coexistence requirements that are described in table 6.6.3.2-1[5]. However, the frequency range of emission level for IMD and Harmonic from 2UL inter-band CA needs to be analyzed and measured to determine the adjacent UE coexistence requirements. 
From the e-mail discussion after RAN4 #68 meeting,  there was consensus to add the inter-regions bands in the protected band lists in table 6.6.3.2-1 [5] for single UL UE as follow.
Table 5.2.1-2: Proposed protected band lists for 2ULs inter-band CA in single UL coexistence requirements
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	1
	E-UTRA Band 1, 5, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 31, 38, 40, 41, 42, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	Frequency range
	1880
	
	1895
	-40
	1
	15,27

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	15, 26, 27

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	15, 26, 27

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	6, 8, 15

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	15

	2
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 22, 23, 24, 26, 27, 28, 29, 30, 41, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	3
	E-UTRA Band 1, 5, 7, 8, 20, 26, 27, 28, 31, 33, 34, 38, 41, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 11, 18, 19, 21
	FDL_low 
	- 
	FDL_high
	-50
	1
	13

	
	E-UTRA Band 22, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	13

	4
	E-UTRA Band 2, 4, 5, 7, 10, 12, 13, 14, 17, 22, 23, 24, 25, 26, 27, 28, 29, 30, 41, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	5
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 17, 22, 23, 24, 25, 28, 29, 30, 31, 38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	859
	-
	869
	-27
	1
	

	6
	E-UTRA Band 1, 9, 11, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	875
	-37
	1
	

	
	Frequency range
	875
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	7

	
	
	1884.5
	-
	1915.7
	
	
	8

	7
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 17, 20, 22, 27, 28, 29, 30, 31, 33, 34, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2570
	-
	2575
	+1.6
	5
	15, 21, 26

	
	Frequency range
	2575
	-
	2595
	-15.5
	5
	15, 21, 26

	
	Frequency range
	2595
	-
	2620
	-40
	1
	15, 21

	8
	E-UTRA Band 1, 20, 28, 31, 33, 34, 38, 39, 40
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA band 7
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 8
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 22, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	23

	
	Frequency range
	860
	-
	890
	-40
	1
	15, 23

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8, 23

	9
	E-UTRA Band 1, 11, 18, 19, 21, 26, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	10
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 28, 29, 30, 41, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 22, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	11
	E-UTRA Band 1, 11, 18, 19, 21, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	12
	E-UTRA Band 2, 5, 13, 14, 17, 23, 24, 25, 26, 27, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 12
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	13
	E-UTRA Band 2, 4, 5, 10, 12, 13, 17, 23, 25, 26, 27, 29, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	15

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	11, 15

	
	E-UTRA Band 14
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 24, 30
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	14

 
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 29, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	12, 15

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	11, 12, 15

	17
	E-UTRA Band 2, 5, 13, 14, 17, 23, 24, 25, 26, 27, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 12
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	18
	E-UTRA Band 1, 11, 21, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	890
	-40
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	758
	-
	799
	-50
	1
	

	
	Frequency range
	799
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	19
	E-UTRA Band 1, 11, 21, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	890
	-40
	1
	9, 15

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	20
	E-UTRA Band 1, 3, 7, 8, 20, 22, 33, 34, 43
	FDL_low
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 20
	FDL_low
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 38, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	21
	E-UTRA Band 11
	FDL_low 
	- 
	FDL_high
	-35
	1
	10, 15

	
	E-UTRA Band 1, 18, 19, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 21
	FDL_low 
	- 
	FDL_high
	-50
	1
	10

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	22
	E-UTRA Band 1, 3, 7, 8, 20, 26, 27, 28, 33, 34, 38, 39, 40, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	3510
	- 
	3525
	-40
	1
	15

	
	Frequency range
	3525
	- 
	3590
	-50
	1
	

	23
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 23, 24, 26, 27, 29, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2
	FDL_low 
	- 
	FDL_high
	-50
	1
	14, 15

	
	Frequency range
	1998
	-
	1999
	-21
	1
	14, 15

	
	Frequency range
	1997
	-
	1998
	-27
	1
	14, 15

	
	Frequency range
	1996
	-
	1997
	-32
	1
	14, 15

	
	Frequency range
	1995
	-
	1996
	-37
	1
	14, 15

	
	Frequency range
	1990
	-
	1995
	-40
	1
	14, 15

	
	Frequency range
	1990
	
	1999
	-40
	1
	15, 28

	
	Frequency range
	1999
	
	2000
	-40
	Note 29
	15, 28

	24
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 29, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	25
	E-UTRA Band 4, 5, 10,12, 13, 14, 17, 22, 23, 24, 26, 27, 28, 29, 30, 41, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 25
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	26
	E-UTRA Band 1, 2, 3, 4, 5, 10, 11, 12, 13, 14, 17, 18,19, 21, 22, 23, 24, 25, 26, 29, 30, 31, 34, 40, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	703
	-
	799
	-50
	1
	

	
	
	799
	-
	803
	-40
	1
	15

	
	Frequency range
	851
	-
	859
	-53
	0.00625
	20

	
	E-UTRA Band 27
	FDL_low
	-
	859
	-32
	1
	20

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	27
	E-UTRA Band 1, 2, 3, 4, 5, 7, 10, 12, 13, 14, 17, 22, 23, 25, 26, 27, 29, 30, 31, 38, 41, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	

	
	E-UTRA Band 28
	790
	-
	FDL_high
	-32
	1
	16

	
	
	FDL_low
	-
	790
	-50
	1
	

	28
	E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 25, 26, 27, 31, 34, 38, 41
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 1, 4, 10, 22, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	19, 24

	
	E-UTRA Band 1
	FDL_low
	-
	FDL_high
	-50
	1
	19, 25

	
	Frequency range
	758
	-
	773
	-32
	1
	15

	
	Frequency range
	773
	-
	803
	-50
	1
	

	
	Frequency range
	662
	-
	694
	-26.2
	6
	15

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8, 19

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	30
	E-UTRA Band 2, 4, 5, 7, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 29, 30, 38, 41
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range 
	2200
	-
	2288 
	-40
	1
	15, 31

	
	Frequency range
	2288
	-
	2292
	-37
	1
	15, 31

	
	Frequency range
	2292
	-
	2296
	-31
	1
	15, 31

	
	Frequency range
	2296
	-
	2300
	-25
	1
	15, 31

	
	Frequency range
	2320
	-
	2324
	-25
	1
	15, 31

	
	Frequency range
	2324
	-
	2328
	-31
	1
	15, 31

	
	Frequency range
	2328
	-
	2332
	-37
	1
	15, 31

	
	Frequency range
	2332
	-
	2395
	-40
	1
	15, 31

	31
	E-UTRA Band 1, 5, 7, 8, 26, 27, 28, 38, 42
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low
	-
	FDL_high
	-50
	1
	2

	…
	
	
	
	
	
	
	

	33
	E-UTRA Band 1, 7, 8, 20, 22, 34, 38, 39, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	5

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	34
	E-UTRA Band 1, 3, 7, 8, 11, 18, 19, 20, 21, 22, 26, 28, 33, 38,39, 40, 41, 42, 43, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	5

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	5

	35
	
	
	
	
	
	
	

	36
	
	
	
	
	
	
	

	37
	
	
	-
	
	
	
	

	38
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13, 14, 17, 20, 22, 27, 28, 29, 30, 31, 33, 34, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2620
	- 
	2645
	-15.5
	5
	15, 22, 26

	
	Frequency range
	2645
	-
	2690
	-40
	1
	15, 22

	39
	E-UTRA Band 22, 34, 40, 41, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	40
	E-UTRA Band 1, 3, 5, 22, 26, 27, 33, 34, 39, 41, 42, 43, 44 
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	41
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13 , 14, 17, 23, 24, 25, 26, 27, 28, 29, 30, 34, 39, 40, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 9, 11, 18, 19, 21
	FDL_low
	-
	FDL_high
	-50
	1
	30

	
	Frequency range
	1839.9
	
	1879.9
	-50
	1
	30

	
	Frequency range
	1884.5
	
	1915.7
	-41
	0.3
	8, 30

	42
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 31, 33, 34, 38, 40, 41, 44


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	43
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 33, 34, 38, 40
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	E-UTRA Band 22
	FDL_low 
	- 
	FDL_high
	[-50]
	[1]
	3

	44
	E-UTRA Band 3, 5, 8, 34, 39, 41
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 1, 40, 42
	FDL_low
	-
	FDL_high
	
	-50
	2

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th [or 5th] harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW).

NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 4:
N/A

NOTE 5:
For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 6:
Applicable when NS_05 in section 6.6.3.3.1 is signalled by the network.

NOTE 7:
Applicable when co-existence with PHS system operating in 1884.5
-1919.6MHz. 

NOTE 8:
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

NOTE 9:
Applicable when NS_08 in subclause 6.6.3.3.3 is signalled by the network

NOTE 10:
Applicable when NS_09 in subclause 6.6.3.3.4 is signalled by the network

NOTE 11:
Whether the applicable frequency range should be 793-805MHz instead of 799-805MHz is TBD 

NOTE 12:
The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB 

NOTE 13:
This requirement applies for 5, 10, 15 and 20 MHz E-UTRA channel bandwidth allocated within 1744.9MHz and 1784.9MHz.
NOTE 14:
To meet this requirement NS_11 value shall be signalled when operating in 2000-2020 MHz

NOTE 15:
These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.

NOTE 16:
Applicable when NS_16 in subclause 6.6.3.3.9 is signalled by the network.

NOTE 17:
N/A

NOTE 18:
N/A
NOTE 19:
Applicable when the assigned E-UTRA carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.

NOTE 20:
Applicable when NS_15 in subclause 6.6.3.3.8 is signalled by the network.

NOTE 21:
This requirement is applicable for an uplink transmission bandwidth less than or equal to 54 RB for carriers of 15 MHz bandwidth when carrier center frequency is within the range 2560.5 - 2562.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 2552 - 2560 MHz. No other restrictions apply for carriers with bandwidths confined in 2500-2570 MHz.

NOTE 22:
This requirement is applicable for an uplink transmission bandwidth less than or equal to 54 RB for carriers of 15 MHz bandwidth when carrier center frequency is within the range 2605.5 - 2607.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 2597 – 2605 MHz. No other restrictions apply for carriers with bandwidths confined in 2570-2615 MHz. For assigned carriers with bandwidths overlapping the frequency range 2615-2620 MHz the requirements apply with the maximum output power configured to +20 dBm in the IE P-Max.

NOTE 23
For carriers of 5 MHz channel bandwidth with carrier center frequencies (Fc) in the range 902.5MHz ≤ Fc < 907.5 MHz, the requirement applies for uplink transmission bandwidths less than or equal to 20 RB. No restrictions apply in the range 907.5 MHz ≤ Fc ≤ 912.5 MHz. For carriers of 10 MHz channel bandwidth, the requirement only applies for Fc = 910 MHz and uplink transmission bandwidths less than or equal to 32 RB with RBstart > 3.
NOTE 24:
As exceptions, measurements with a level up to the applicable requirement of -38 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 2nd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd harmonic totally or partially overlaps the measurement bandwidth (MBW).

NOTE 25:
As exceptions, measurements with a level up to the applicable requirement of -36 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 3rd harmonic totally or partially overlaps the measurement bandwidth (MBW).
NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.
NOTE 27:
This requirement is applicable for an uplink transmission bandwidth less than or equal to 54 RB for carriers of 15 MHz bandwidth when carrier center frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 1930 - 1938 MHz. This requirement is applicable without any other uplink transmission bandwidth restriction for channel bandwidths within the range 1920 - 1980 MHz.
NOTE 28:
Applicable when NS_20 is signalled by the network.

NOTE 29:
The measurement bandwidth is 1% of the applicable E-UTRA channel bandwidth (Table 5.6-1).
NOTE 30: This requirement applies when the E-UTRA carrier is confined within 2545-2575 MHz and the channel bandwidth is 10 or 20 MHz
NOTE 31:
Applicable when NS_21 is signalled by the network.


To define the protected band lists for inter-region issues, we used option 5 in [6].
· Option5) Choose a subset of protected frequency ranges/bands to protect based on spectrum allocations in the countries where the two bands are deployed
For the B1+B5, B3+B5 CA combinations, the deployed operating bands in Asia and South America are summarized in table 5.2.1-3.
Table 5.2.1-3: Deployed operating bands in Asia and South America

	Operating bands
	Band 1
	Band 3
	Band 5
	Band 7
	Band8
	Band26
	Band27
	Band28
	Band38
	Band40
	Band42

	                 Bandwidths 

Country
	2100MHz
	1800MHz
	850MHz
	2600MHz
	900MHz
	Upper

850MHz
	Lower

 850MHz
	700MHz
	2600MHz
	2300MHz
	3500MHz

	South Korea 
	X
	X
	X
	X
	X
	X
	
	X
	
	X
	

	Australia 
	X
	X
	X
	
	X
	F
	F
	X
	
	
	

	Brazil 
	X
	X
	X
	X
	X
	F
	F
	F
	X
	
	X

	Costa Rica 
	X
	X
	X
	
	
	
	
	
	
	
	

	Hong Kong 
	X
	X
	X
	
	X
	
	
	
	
	
	

	Israel 
	X
	X
	X
	
	
	F
	F
	
	
	
	

	New Zealand 
	X
	X
	X
	
	X
	F
	F
	F
	
	
	

	Note: X means the operating band deployed in the country, F means the operating band could be deployed in the country in the future.


For the B4+B7 CA combinations, the deployed operating bands in South America are summarized in table 5.2.1-4.
 Table 5.2.1-4 Deployed operating bands in North/South America

	Operating bands
	Band 2
	Band 4
	Band 5
	Band 7
	Band10
	Band12
	Band13
	Band14
	Band17
	Band27
	Band28
	Band29
	Band38
	Band42

	                 Bandwidths 

Country
	1900

MHz
	2100

MHz
	850

MHz
	2600

MHz
	2100

MHz
	Lower

700MHz
	Mid

700MHz
	Upper

700MHz
	Lower

700MHz
	800

MHz
	
	
	2600

MHz
	3500

MHz

	Canada 
	X
	X
	X
	X
	F
	X
	X
	X
	X
	
	
	X
	X
	

	Mexico
	X
	X
	X
	F
	F
	
	
	
	
	X
	F
	
	F
	X

	Chile
	X
	X
	X
	X
	F
	
	
	
	
	X
	F
	
	X
	

	Colombia 
	X
	X
	X
	X
	F
	
	
	
	
	X
	F
	
	X
	

	Argentina
	X
	X
	X
	X
	F
	
	
	
	
	X
	F
	
	X
	X

	Note: X means the operating band deployed in the country, F means the operating band could be deployed in the country in the future.


From the table5.2.1-3 and 5.2.1-4, we can define the protect band lists for 1UL coexistence requirements  as shown in table 5.2.1-2.
For the 2ULs inter-band CA UE, same approach to define the protected band lists can be applied.
A general harmonics and IMD coexistence analysis table for inter-band CA with 2UL is given in table 5.2.1-5. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.

Table 5.2.1-5: Band x and Band y UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	
	
	
	

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	
	

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	
	

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	
	

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	
	

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	
	


When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 5.2.1-6 is given which is for the general IMD/harmonics analysis to coexist with ISM bands and GNSS system. From this table, the harmonics and IMD issues can be summarized.
Table 5.2.1-6: Table for general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	
	US/Europe
	

	
	2400
	-
	2494
	
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	
	US
	

	
	5150
	-
	5350
	
	Europe
	

	
	5470
	-
	5725
	
	
	

	
	5150
	-
	5825
	
	Asia
	


5.2.2
Dual Uplink CA intermodulation analysis

Two different RF front-end architectures are analysed, one with common diplexer and one without common diplexer. We analyse the impact of switch, diplexer and duplexer. It has to be noted that the component linearity really plays a key role here; choosing overly pessimistic or overly optimistic values one can get of course very different results. We used pretty neutral data in this analysis.

There can be also other mechanism of intermodulation than these analysed in this contribution. We did not present intermodulation calculations for the entire RF front-end chain because those calculations would have been quite extensive. Instead we calculated the intermodulation of each component that gives accurate enough results.
5.2.2.1 Intermodulation with “common diplexer” based UE RF front-end architecture

Figure 5.2.2.1-1 below shows an example of common diplexer based RF front-end architecture.
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Figure 5.2.2.1-1: Common diplexer based RF Front-end architecture
Intermodulation in antenna switch:

Figure 5.2.2.1-2 below illustrates the contributors of intermodulation. In this example, band L1 transmission is attenuated by the diplexer. Attenuated L1 transmission is seen at the antenna switch output. H1 transmission is seen at the antenna switch input. The intermodulation products generated in the antenna switch are seen at the antenna. Depending on the frequency, they are attenuated by the diplexer. In this analysis we analyse the case when intermodulation is not attenuated by the diplexer that is worse case from emissions perspective.
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Figure 5.2.2.1-2:
The following formulas can be used to calculate IMD2 and IMD3:
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In this analysis we used the following numerical values for these parameters:


[image: image11.wmf]dBm

IIP

dBm

IIP

dBm

P

dBm

P

60

90

10

20

3

2

2

1

=

=

=

=


Note that 
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is H1 TX in figure 5.2.2.1-2 and 
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is attenuated L1 TX. L1 TX was assumed to be 20dBm and diplexer attenuation (very worst case) 10dB. Thus 
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became 20dBm-10dBm=10dBm. There exists a lot of variation in
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performance. The values we present in this analysis are assumed to be pretty “safe” i.e. they are not overly optimistic. The switch performance can be significantly better in practice.

Inserting these values into formulas we get the following intermodulation products at the antenna switch output:
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If the above values would be shown in dBm/1MHz format, they would naturally be even lower. For instance -60dBm 
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assuming 5MHz channel BW’s would be roughly -68dBm/1MHz in worst place (in the middle of intermodulation frequency). Thus there is quite a lot of margin to -50dBm/1MHz emission limit. 

OBSERVATION 1: There is quite a lot of margin to -50dBm/1MHz emission limit

Intermodulation in diplexer:

Figure 5.2.2.1-3 below depicts the situation. Intermodulation is generated by L1 TX and H1 TX. 


[image: image20.emf]DIPLEXER

L1 TX

H1 TX


Figure 5.2.2.1-3:
We were not able to get vendor verified data about diplexer intermodulation. In discussions with component vendors this mechanism was not seen to be a big issue, anyhow the real performance must be further studied.

OBSERVATION2: This mechanism is not seen as a big problem but the real performance must be anyhow further studied

5.2.2.2 Intermodulation with “no common-diplexer” based RF front-end architecture

Single TX antenna RF front-end architecture:

Figure 5.2.2.2-1 below shows an example of common diplexer based RF front-end architecture.
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Figure 5.2.2.2-1: No common diplexer based RF Front-end architecture
Figure 5.2.2.2-2 below illustrates the contributors of intermodulation. In this example, bands are combined with a diplexer that is then connected to antenna switch. The analysis would be similar if L1-H1 band combination were implemented using a quadplexer.
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Figure 5.2.2.2-2: 
In this analysis we used the following numerical values for these parameters:
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Note that 
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is H1 TX in figure 5.2.2.2-2 and 
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 is L1 TX. Different to earlier example, now L1 TX is not attenuated and is thus 20dBm. 

Inserting these values into formulas we get the following intermodulation products at the antenna switch output:


[image: image26.wmf]dBm

P

IMD

50

90

20

20

2

-

=

-

+

=



[image: image27.wmf]dBm

P

IMD

60

60

*

2

20

20

*

2

3

-

=

-

+

=


If the above values would be shown in dBm/1MHz format, they would naturally be even lower. For instance -50dBm 
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assuming 5MHz channel BW’s would be roughly -58dBm/1MHz in worst place (in the middle of intermodulation frequency). Thus there is still some margin to -50dBm/1MHz emission limit.

OBSERVATION3: There is some margin to -50dBm/1MHz emission limit

Dual TX antenna RF architecture:
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Figure 5.2.2.2-3: Dual TX antenna architecture
The antenna to antenna isolation is typically around 10dB. Figure 5.2.2.2-3 above illustrates how aggressor transmission couples to the antenna switch. The aggressor is attenuated by the amount of antenna to antenna isolation. Thus the values are the following
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Inserting these values into formulas we get the following intermodulation products at the antenna switch output:
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OBSERVATION 4: There is quite a lot of margin to -50dBm/1MHz emission limit
5.2.2.3 Duplexer and quadplexer intermodulation

Duplexers generate intermodulation as well. In figure 5.2.2.3-1, attenuated H1 TX is the aggressor.
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Figure 5.2.2.3-1: Duplexer intermodulation
Diplexer attenuates H1 by at least 10dB. We used measurement data from randomly chosen low band duplexer to derive 
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values. We assumed 4dB post PA loss. It has to be noted that these values are examples only and they should not be used as “minimum” or “maximum” duplexer performance values. The values we used are:
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Inserting these values into formulas we get the following intermodulation products at the duplexer output:
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Looking at the intermodulation powers, there is margin to -50dBm/1MHz especially in case of 
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even if the intermodulation product generated in the duplexer were at such a frequency that it were not attenuated by the diplexer. Even in the case of  
[image: image40.wmf]3
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there is roughly 14dB margin to -50dBm/1MHz assuming 5MHz channel BW’s. Like earlier said, results are initial and duplexer linearity was obtained from only one randomly chosen component.

OBSERVATION5: There is some margin to -50dBm/1MHz emission limit

Figure 5.2.2.3-2 illustrates another possible intermodulation born mechanism when two duplexers are matched together (=quadplexer). 
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Figure 5.2.2.3-2: Quadplexer intermodulation
If the matching were perfect, then L2 should be seen as open port in L1 passband. In practice this is not always the case and thus L2 generates intermodulation in duplexer with L1. The level of L2 attenuation is very difficult to precisely estimate. The ultimate imaginary worst case would naturally be that there would be no attenuation at all. In that case the aggressor TX would be at 20dBm power level, 10dBm higher than in figure 5.2.2.3-1. Respectively, 
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would be 10dBm higher. Anyhow there has to be significant attenuation in practice or the quadplexer would not operate at all. Thus, in practice it is quite safe to assume that case in figure 5.2.2.3-1 is worse case than in figure 5.2.2.3-2.

OBSERVATION6: When two duplexers are matched together (quadplexer) the intermodulation generated by any of these duplexers does not violate -50dBm/1MHz emission limit. 
5.2.3
Dual Uplink CA Passive intermodulation measurements
5.2.3.1 Passive intermodulation measurement for CA class A1
To analyze the IMD from passive components, we assume the typical values of RF components as follows
· Aggregated maximum output power = 23dBm with 0dB MPR 
· PA gain = 27dB, PA IIP3 =40dB
· Tx/Rx RF component IL = 3.5dB
· 3.5dB (ANT SW: 0.5dB,  Diplexer :0.5dB, Duplexer: 2.5dB)  
· FE coupling loss = 40dB
· Antenna loss =10dB
· Diplexer Characteristics: Band 1- Band 5 isolation : 20dB 
· Duplexer Characteristics: Tx-Rx isolation: 50dB, Tx-Ant isolation : 35 dB (824-849MHz)
For the 2UL inter-band CA, the input signal level induced from the other operating Band Y into Band X through Duplexer/Diplexer/Switch/Quadplexer is quite high. That is derived in Eq. 5-1.
· The leakage signals level at RF Components of Band X                                  (Eq. 5-1)
S1 (Blue line) = PA output power of Band Y - Tx RF component loss of Band Y –Rx RF component loss of Band X 
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Figure5.2.3.1-1: Class A1: Examples of the signal level at passive/active components
In Figure 5.2.3.1-1, we denoted the point where passive IMD can be generated as point A, B and C to compare with active IMD at point P. 
For the passive IMD analysis, we assume the input signal level from Band Y to Band X on these RF components at Duplexer, switch and Diplexer as follow
i) Duplexer Passive IMD (point A): consider the 23dBm input signal from Band X and -1dBm input signal from Band Y
ii) Switch Passive IMD (point B): consider the 20.5dBm input signal from Band X and -0.5dBm input signal from Band Y
iii) Diplexer Passive IMD (point C): consider the 20dBm input signal from Band X and 20dBm input signal from Band Y
So, we measured the passive IMD level with aid of RF component vendors. Table 5.2.3.1-1 ~ 5.2.3.1-5 provides the measured data of PIM for Duplexer, Diplexer and Switch components.
Table 5.2.3.1-1: Band1 Duplexer Passive IMD level

[image: image45.png]Category Input F1 Input F2 Input F3 F1 Power F2 Power F3 Power Meas Frequency PIMD level
5 M2 1950 836.5 - 24dBm 0dBm - 2786.5 -96 dBm
tone 1950 8365 - 24dBm 0dBm - 11135 -107 dBm
5 ™3 1950 836.5 - 24dBm 0dBm - 4736.5 -105 dBm
tone 1950 8365 - 24dBm 0dBm - 3063.5 -99 dBm
no signal
1980 839 849 24dBm 0dBm 0dBm 1990 (noise floor at
3-tone IM3 L i)
no signal
1920 824 834 24dBm 0dBm 0dBm 1910 (noise floor at

-97 dBm)





Table 5.2.3.1-2: Band 5 Duplexer Passive IMD level

[image: image46.png]Category Input F1 Input F2 Input F3 F1 Power F2 Power F3 Power Meas Frequency PIMD level
836.5 1950 - 24dBm 0dBm - 2786.5 -86 dBm

2-tone IM2 8365 1950 - 24dBm 0dBm - 11135 -85 dBm
836.5 1950 - 24dBm 0dBm - 3623 -107 dBm

2-tone IM3 836.5 1950 - 24dBm 0dBm - 277 -109 dBm
849 1970 1980 24dBm 0dBm 0dBm 859 95 dBm

3-tone IM3 824 1920 1930 24dBm 0dBm 0dBm 814 -100 dBm





Table 5.2.3.1-3: Band 1 Switch Passive IMD level

	Component : Band1 Switch
	

	Category 
	Input F1 
	Input F2 
	Input F3
	F1 Power 
	F2 Power 
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2 
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	2786.5 
	<-90  
	< -107 
	< -96 

	
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	1113.5 
	 <-98 
	<-101 
	<-102 

	2-tone IM3 
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	4736.5 
	< -98  
	< -99 
	< -99 

	
	1950 
	836.5 
	
	24dBm 
	0dBm 
	
	3063.5 
	 < -100 
	< -103 
	< -103 

	3-tone IM3
	1980
	839
	849
	24dBm
	0dBm
	0dBm
	1990
	No signal
	No signal
	No signal

	
	1920
	824
	834
	24dBm
	0dBm
	0dBm
	1910
	No signal
	No signal
	No signal


Table 5.2.3.1-4 Band 5 Switch Passive IMD level

	Component : Band5 Switch
	  

	Category
	Input F1
	Input F2
	Input F3
	F1 Power
	F2 Power
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2
	836.5
	1950
	
	24dBm
	0dBm
	
	2786.5
	< -97
	< -107
	< -107

	
	836.5
	1950
	
	24dBm
	0dBm
	
	1113.5
	<-100
	< -100
	< -100

	2-tone IM3
	836.5
	1950
	
	24dBm
	0dBm
	
	3623
	< -105
	< -107
	< -107

	
	836.5
	1950
	
	24dBm
	0dBm
	
	277
	< -102
	< -105
	< -105

	3-tone IM3
	849
	1970
	1980
	24dBm
	0dBm
	0dBm
	859
	No signal
	No signal
	No signal

	
	824
	1920
	1930
	24dBm
	0dBm
	0dBm
	814
	No signal
	No signal
	No signal


Table 5.2.3.1-5: Band 1&5 Diplexer Passive IMD level

	Component : Band5 Diplexer
	
	  
	  
	
	  
	  
	  
	  

	Category
	Input F1
	Input F2
	Input F3
	F1 Power
	F2 Power
	F3 Power
	Meas Frequency [MHz]
	Comp 1 PIMD level [dBm]
	Comp 2 PIMD level [dBm]
	Comp 3 PIMD level [dBm]

	2-tone IM2
	836.5
	1950
	
	20dBm 
	20dBm 
	
	2786.5
	-123
	-135
	-136

	
	836.5
	1950
	
	20dBm 
	20dBm 
	
	1113.5
	-122
	-125
	-131

	2-tone IM3
	836.5
	1950
	
	20dBm 
	20dBm 
	
	3623
	-136
	-136
	-135

	
	836.5
	1950
	
	20dBm 
	20dBm 
	
	277
	-129
	-132
	-131

	3-tone IM3
	849
	1970
	1980
	20dBm
	20dBm
	20dBm
	859
	No signal
	No signal
	No signal

	
	824
	1920
	1930
	20dBm
	20dBm
	20dBm
	814
	No signal
	No signal
	No signal


From the Table 5.2.3.1-1 ~ Table 5.2.3.1-5, the passive IMD level is seen to be quite low with the IMD2 and IMD3 levels less than - 85dBm/MHz.  Therefore we can see that the passive IMD products can have negligible impact on the adjacent band UE. From the previous IMD analysis [1] and the measurements results of the RF components, we propose the followings:
Observation: The measurement of Passive IMD levels for real RF components and analysis of Active IMD levels reveals quite lower than -50dBm/MHz, which is the conventional UE-to-UE coexistence requirements.
5.2.4
Dual uplink CA cross-modulation analysis
Usually cross-modulation is considered in cases with one modulated signal and one tone. In inter-band uplink CA the effect of cross-modulation in the case of two modulated signals (two LTE uplinks) needs to be analysed as well. 

The correction factor that should be applied into cross-modulation formula was not confirmed because measurements with two LTE uplinks were not done. Thus the actual magnitude of the cross-modulation component can be slightly more or less than presented in this paper.

Cross-modulation slightly increases spectral regrowth of both UL carriers. For most band combinations, cross-modulation does not reach into own RX band. In spite of that, the impact of cross-modulation should be carefully evaluated for instance because there are some UE-to-UE co-existence requirements for adjacent bands that don’t have any margin. A good example of this is B7-B38 co-existence. Some of these requirements are adopted from regulatory requirements such as ETSI-HS and they need to be met also in dual UL inter-band CA.
Cross-modulation is a result of two signals passing through a non-linear component. The impacts can be divided into two categories, impact to transmission spectrum (=to meet/not to meet for instance UE-to-UE co-existence limits) and impact to DL performance. In this paper we evaluate the impact to transmission spectrum caused by power amplifier and antenna switch. In addition we briefly discuss the potential impact to DL performance. The formula for the cross-modulation is the same than the intermodulation formula:
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Where 
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5.2.4.1 Impact of power amplifier 
We assume that the total output power of the UE is limited to 23dBm. In paper [1] the power level from the aggressor UL was evaluated to be -15dBm in worst case at the victim PA output. The power level of the victim PA was assumed to be 25dBm. We use the same values in this contribution. 
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Analysis on the impact of this cross-modulation power component to the output spectrum is not a straightforward issue. The cross-modulation component power level can be calculated by the formula above. The one-sided cross-modulation component is 3dB smaller. The cross-modulation component BW is twice the aggressor UL BW centred at the victim UL. 

Two cases are analysed, 1RB victim UL and B7-B38 co-existence.

Figure 1 illustrates 1RB victim UL with 10MHz aggressor UL. Power levels are roughly in scale (-35dBm/18MHz cross-modulation equals -62.8dBm/30kHz and 1RB 23dBm aggressor equals 15.2dBm/30kHz.
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Figure 5.4.2.1-1: Cross-modulation example 1
It can be seen from the figure above that the cross-modulation power is negligible.

OBSERVATION 1: The impact of cross-modulation power for is negligible

We looked also B7-B38 co-existence where there are stringent emission requirements for the adjacent band. The max #of RB’s on B7 UL is restricted to 54. Figure 2 illustrates the situation with 20MHz B7 UL with worst case UL allocation (54RB’s). The aggressor UL BW is assumed to be 20MHz. Power levels are roughly in scale

[image: image53.emf]2.5 2.52 2.54 2.56 2.58 2.6 2.62

-100

-80

-60

-40

-20

0

20

Frequency in GHz

Power in dBm

Transmit spectrum

v4.08 (787)

CC(bw) Clus RB_Start L_CRB    Mod

1(100)    1       46    54   QPSK


Figure 5.4.2.1-2: Cross-modulation example 2
It can be seen from the figure above that the cross-modulation power is negligible.
OBSERVATION 2: The impact of cross-modulation power for is negligible

5.2.4.2 Impact of antenna switch
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In this analysis we used the following numerical values for these parameters:
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The cross-modulation power is 25dB less compared to section 2.1 (Impact for power amplifier). Thus it can be assumed that the cross-modulation does not seem to be an issue for antenna switch, because it seemed not to be an issue for power amplifier.

OBSERVATION 3: The impact of cross-modulation power for is negligible

5.2.4.3 Impact to DL performance

Cross-modulation is always close to own uplink. Thus the cross-modulation power can cause performance degradation to own downlink for the CA bands that have very narrow TX-RX gap. In these cases the cross-modulation could reach on top of the downlink or very close to the downlink. More work is needed to fully evaluate impact to DL performance.
OBSERVATION 4: More work is needed to fully evaluate the impact to DL performance
5.2.5

Transmit power

5.2.5.1 UE maximum output power for 2UL inter-band CA
For 2UL inter-band CA, considering SAR requirement, current power class for each UE should be maintained. UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector.

For 2UL inter-band CA, multiple transmitters with one for each band are assumed. Considering lower tolerance is impacted by the number of transmitters rather than the number of antenna connectors, the lower tolerance of maximum output power for dual uplink inter-band CA shall also be relaxed due to multiple transmitters. This is very similar to the case of UL-MIMO. The tolerance value for 2UL inter-band CA could refer to UL-MIMO considering both are two transmitters sharing the maximum output power. For a certain band combination, if the lower tolerance is different for the two constituent bands, the tolerance is FFS. 
Table 5.2.5.1-1: CA UE Power Class with dual uplink

	E-UTRA CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1A-5A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-19A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-8A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_1A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-5A
	
	
	
	
	23
	 +2/-32
	
	

	CA_7A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-21A
	
	
	
	
	23
	+2/-3
	
	

	CA_7A-28A
	
	
	
	
	23
	+2/-32
	
	

	CA_2A-4A
	
	
	
	
	23
	+2/-32
	
	

	CA_3A-26A
	
	
	
	
	23
	+2/-32
	
	

	CA_3A-19A
	
	
	
	
	23
	+2/-32
	
	

	CA_19A-21A
	
	
	
	
	23
	+2/-3
	
	

	NOTE 1:
Void
NOTE 2:
2 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

NOTE 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4: 
For inter-band carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


5.2.5.2 PCMAX for dual uplink inter-band CA
It has been agreed to adopt PCMAX tolerances for 2 UL inter-band CA as in following Table 5.2.5.2-1

 Table 5.2.5.2-1: PCMAX tolerance dual UL inter-band CA

	PCMAX             (dBm)
	Tolerance 
TLOW(PCMAX_L) (dB)
	Tolerance 
THIGH(PCMAX_H) (dB)

	PCMAX = 23
	3.0
	2.0

	[22] ≤ PCMAX < [23]
	[5.0]
	[2.0]

	[21] ≤ PCMAX < [22]
	[5.0]
	[3.0]

	[20] ≤ PCMAX < [21]
	[6.0]
	[4.0]

	[16] ≤ PCMAX < [20]
	[5.0]

	[11] ≤ PCMAc < [16]
	[6.0]

	[-40] ≤ PCMAX < [11]
	[7.0]


5.2.6

Output power dynamics

5.2.6.1

Minimum output power

For dual ul interband CA UE the minimum output power requirements is set to -40 dBm per transmitted carrier / MBW when the power in both UL carriers is set to a minimum output power level.
This can be specified by adding following highlighted text into 36.101

6.3.2A

UE Minimum output power for CA

For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the minimum controlled output power of the UE is defined as the transmit power of the UE per carrier, when the transmit power on both carriers is set to a minimum value.
For intra-band contiguous carrier aggregation, the minimum controlled output power of the UE is defined as the transmit power of the UE per component carrier, i.e., the power in the channel bandwidth of each component carrier for all transmit bandwidth configurations (resource blocks), when the power on both component carriers are set to a minimum value.
6.3.2A.1
Minimum requirement for CA

For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the minimum output power requirement is defined per carrier and the requirement is specified in subclause 6.3.2.1.
For intra-band contiguous carrier aggregation the minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not exceed the values specified in Table 6.3.2A.1-1. 
Table 6.3.2A.1-1: Minimum output power for intra-band contiguous CA UE
	
	CC Channel bandwidth / Minimum output power / Measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


5.2.6.2

Transmit OFF power

For dual ul interband CA UE the Transmit OFF power requirements is set to -50 dBm per transmitted carrier / MBW when the power on both UL carriers is set to the transmit OFF power level.
This can be specified by adding following highlighted text into 36.101

6.3.3A

UE Transmit OFF power for CA

For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the transmit OFF power of the UE is defined as the transmit power of the UE per carrier, when the transmit power on both carriers is set to transmit OFF power value.
For intra-band contiguous carrier aggregation, transmit OFF power is defined as the mean power per component carrier when the transmitter is OFF on both component carriers. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

6.3.3A.1
Minimum requirement for CA

For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the transmit OFF power requirement is defined per carrier and the requirement is specified in subclause 6.3.2.1.
For intra-band contiguous carrier aggregation the transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3A.1-1. 
Table 6.3.3A.1-1: Transmit OFF power for intra-band contiguous CA UE
	
	Channel bandwidth / Transmit OFF power / Measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF power
	-50 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


5.2.6.3

ON/OFF time mask
For intra-band contiguous carrier aggregation, the general output power ON/OFF time mask specified in subclause 6.3.4.1 is applicable for each component carrier during the ON power period and the transient periods. The OFF period as specified in subclause 6.3.4.1 shall only be applicable for each component carrier when all the component carriers are OFF. Dual uplink inter-band CA shall follow the same way to define ON/OFF time mask due to the sharing antenna connector between the two bands.
This can be specified by adding following highlighted text into 36.101.

6.3.4A
ON/OFF time mask for CA
For inter-band carrier aggregation with uplink assigned to two E-UTRA bands, the general output power ON/OFF time mask specified in subclause 6.3.4.1 is applicable for each component carrier during the ON power period and the transient periods. The OFF period as specified in subclause 6.3.4.1 shall only be applicable for each component carrier when all the component carriers are OFF.
For intra-band contiguous carrier aggregation, the general output power ON/OFF time mask specified in subclause 6.3.4.1 is applicable for each component carrier during the ON power period and the transient periods. The OFF period as specified in subclause 6.3.4.1 shall only be applicable for each component carrier when all the component carriers are OFF.
5.2.6.4
Power Control

5.2.6.4.1 Absolute power tolerance
For dual uplink inter-band carrier aggregation, the absolute power control tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by maximum output power as defined in subclause 6.2.2A. The requirements defined in Table 6.3.5.1.1-1 shall apply on each component carrier with both component carriers active. The requirements can be tested by time aligning any transmission gaps on both the component carriers.
5.2.6.4.2 Relative power tolerance
For dual uplink inter-band carrier aggregation, the relative power tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by PUMAX as defined in subclause 6.2.5A. The requirements shall apply on each component carrier with both component carriers active. The UE transmitter shall have the capability of changing the output power independently on all component carriers in the uplink and:
a)
the requirements for all combinations of PUSCH and PUCCH transitions per component carrier is given in Table 6.3.5.2.1-1.

b)
for SRS the requirements for combinations of PUSCH/PUCCH and SRS transitions between subframes given in Table 6.3.5.2.1-1 apply per component carrier when the target and reference subframes are configured for either simultaneous SRS or simultaneous PUSCH.

c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
5.2.6.4.3 Aggregate power control tolerance
For dual uplink inter-band carrier aggregation, the aggregate power tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by maximum output power as defined in subclause 6.2.2A. The requirements defined in Table 6.3.5.3.1-1 shall apply on each component carrier with both component carriers active. The requirements can be tested by time aligning any transmission gaps on both the component carriers.
5.2.7
Transmit signal quality and intermodulation
Since each band is expected to have its own transmitter for 2UL inter-band CA, transmit signal quality and transmit intermodulation requirement shall not be affected by the carrier from different band. To guarantee existing RF performance, these two requirements shall be kept unchanged for each band in 2UL inter-band CA. The requirements shall apply on each component carrier with both component carriers active.
5.2.7.1 Frequency error in CA

For inter-band carrier UL aggregation the frequency error requirements defined in frequency error section apply per component carrier.
5.2.8

Output RF spectrum emissions
For 2UL inter-band CA, multiple carriers from different band transmit through a common antenna simultaneously, which means the spurious emission application range should exclude out-of-band emission frequency range and channel frequency range of all carriers. The figure below illustrates the spectrum emissions application range for 2UL inter-band CA.

For occupied bandwidth, general spurious emission requirement, existing requirement for each carrier could also be reused for 2UL inter-band CA. The requirements shall apply on each component carrier with both component carriers active.


[image: image57]
Figure 5.2.8-1: Transmitter RF spectrum for inter-band CA 2UL

5.2.8.1 
SEM requirements

Currently, RAN4 has assumed two RF front-end architectures for 2ULs inter-band CA as shown in Figure 5.2.8.1-1. In both cases, individual RF chain is used for each PCell and SCell, respectively. 
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Figure 5.2.8.1-1: Examples of 2ULs inter-band CA architectures
And also from the 2ULs inter-band CA combination under discussion in Table 5.2.8.1-1, the minimum band gap is observed in B2+B4 of Class A4, which is 95MHz. So the conventional SEM requirements in Rel-8/9 can be reused for the SEM of 2ULs inter-band CA.
Table 5.2.8.1-1: Dual-uplink inter-band CA combination lists
	Class
	Band Combination
	Frequency
	Band Gap

	Dual-uplink

Inter-band CA
	A1
	B1+B5
	2.1G+800M
	1071MHz

	
	
	B1+B19
	2.1G+800M
	1075MHz

	
	
	B3+B20
	1.8G+800M
	848MHz

	
	
	B7+B28
	2.6G+700M
	1752MHz

	
	
	B2+B13
	1.9G+700M
	1063MHz

	
	
	B4+B13
	2.1G+700M
	923MHz

	
	A2
	B3+B8
	1.8G+900M
	795MHz

	
	
	B4+B12
	2.1G+700M
	994MHz

	
	
	B4+B17
	2.1G+700M
	994MHz

	
	A3
	B1+B7
	2.1G+2.6G
	520MHz

	
	
	B3+B7
	1.7G+2.6G
	715MHz

	
	
	B4+B7
	1.7G+2.6G
	745MHz

	
	
	B5+B12
	2ULs
(824~849M) + (698~716M)
	108MHz

	
	
	B5+B17
	2ULs
(824~849M) + (704~716M)
	108MHz

	
	A4
	B3+B5
	1.8G+800M
	861MHz

	
	
	B2+B4
	1.9G+2.1G
	95MHz

	
	
	B7+B20
	2.6G+800M
	1638MHz

	
	
	B3+B26
	1.8G+800M
	861MHz

	
	
	B3+B19
	1.8G+800M
	865MHz

	
	
	B5+B7
	800M+2.6G
	16511MHz

	
	
	B1+B3
	2.1G+1.8G
	135MHz

	
	
	B3+B8
	1.8G+900M
	795MHz

	
	A5
	B1+B21
	2.1G+1.4G
	457MHz

	
	
	B19+B21
	800M+1.4G
	603MHz


In 2ULs inter-band CA band combinations in future release, if band gap between two bands is less than sum of (fOOB_X and (fOOB_Y, the SEM requirements allowing higher PSD level for emissions is chosen as intra-band NC CA case. 
From the observation, we propose as follow
Proposal 1:  The SEM requirement for 2UL CA should be the same as that in Rel-8/9 if band-gap is larger than (fOOB_CBW_X + (fOOB_CBW_Y.
Proposal 2 : The higher PSD levels of SEM of two individual carrier should be applied in the overlapped region if band-gap is smaller than (fOOB_CBW_X + (fOOB_CBW_Y.
5.2.8.2 
ACLR requirements
In the figure 5.2.8.2-1, we showed two cases for ACLR requirements for 2ULs inter-band CA. For current inter-band combinations, all deployments scenarios falls into case 1 in Figure 5.2.8.2-1 due to the large band gaps as shown in table 5.2.8.1-1. BWGAP is frequency gap between the upper frequency of low UL CC and the lower frequency of high UL CC.
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Figure 5.2.8.2-1: ACLR requirements for 2ULs inter-band CA
However, when considering 2ULs inter-band CA in future release such that if band gap between is less the supported channel BW as shown in the case2 and case3 of Figure 5.2.8.2-1, RAN4 can follow the ACLR requirements for intra-band non contiguous CA in TR36.823. 
Therefore, the typical possible solution can be proposed as follow
Proposal 3: For UTRAACLR1 and UTRAACLR2
▪    UTRAACLR1 is required to be met in the band gap when the gap bandwidth BWGAP is 5MHz ( BWGAP.
▪    Both UTRAACLR1, UTRAACLR2 are required to be met in the gap when the gap bandwidth BWGAP is 15MHz( BWGAP
●   Proposal 4: For E-UTRAACLR
▪    E- UTRAACLR adjacent channel power measurement bandwidth equals the channel bandwidth that it is adjacent to. 

▪    In case the band gap is smaller than other of the channel bandwidth then for that channel bandwidth no E-UTRAACLR requirement is set for the band gap. 

▪    In case the band gap is smaller than either of the channel bandwidths then no E- UTRAACLR requirement is set for the band gap.

5.2.8.3

Dual Uplink CA UE Coexistence requirements
For inter-band carrier aggregation with the uplink assigned to two E-UTRA bands the requirements in Table 5.2.8.3-1 applies for CA_1A-5A UE as an example. We note that CA_1A-5A does not provide protection of Band 27 beyond SEM.
NOTE: The requirements in 2 UL inter-band CA UE to UE co-existence table could be verified by measuring spurious emissions [at least] at the specific frequencies where second and third order intermodulation products generated by the two transmitted carriers can occur; in that case, the requirements for remaining applicable frequencies in 2 UL inter-band CA UE to UE co-existence table would be considered to be verified by the measurements verifying the 1 UL inter-band CA UE to UE co-existence requirements.
Table 5.2.8.3-1: Spurious emission band UE co-existence for uplink inter-band CA 
	E-UTRA CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	CA_1A-5A
	E-UTRA Band 1, 5, 7, 8, 22, 28, 31, 38, 40,  42, 43


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 3,34
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	E-UTRA band 26
	859 
	- 
	869
	-27
	1
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th [or 5th] harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW).

NOTE 3:
The requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the aggregated channel bandwidth.



5.2.8.4

Analysis of affected operating bands for dual uplink CA band combinations

Tables below list all the affected operating bands due to harmonic and IMD products for CA class A1 to A5. Operating bands marked in red color are those protected bands belong to Band X or Band Y for CA_X-Y in the UE to UE co-existence table 6.6.3.2-1 in [5].

Table 5.2.8.4-1: Affected operating bands due to harmonic and IMD products for CA class A1

	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-5
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	-
	IM2

	
	E-UTRA Band 22, 42, 43
	IM3

	
	E-UTRA Band 11
	IM5

	CA_3-20
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 38, 41
	3rd Harmonics

	
	E-UTRA Band 5, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 8, 18, 19, 22, 24, 26, 27, 42, 43
	IM5

	CA_1-19
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	-
	IM2

	
	E-UTRA Band 22, 42, 43
	IM3

	
	-
	IM5

	CA_7-28
	E-UTRA Band 11, 21
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 23
	3rd Harmonics

	
	E-UTRA Band 3
	IM2

	
	-
	IM3

	
	E-UTRA Band 31
	IM5

	CA_2-13
	E-UTRA Band 24, 43
	2nd Harmonics

	
	E-UTRA Band 30, 40
	3rd Harmonics

	
	E-UTRA Band 7,41
	IM2

	
	E-UTRA Band 42
	IM3

	
	E-UTRA Band 11
	IM5

	CA_4-13
	E-UTRA Band 24, 42
	2nd Harmonics

	
	E-UTRA Band 30, 40
	3rd Harmonics

	
	E-UTRA Band 8, 41
	IM2

	
	E-UTRA Band 7, 41
	IM3

	
	E-UTRA Band 22, 42
	IM5


Table 5.2.8.4-2: Affected operating bands due to harmonic and IMD products for CA class A2
	E-UTRA CA band
	Affected operating bands
	Note

	CA_3-8
	E-UTRA Band 3, 22, 42
	2nd Harmonics

	
	E-UTRA Band 7, 41
	3rd Harmonics

	
	E-UTRA Band 5, 7, 18, 19, 20, 26, 27, 28, 38, 41, 44
	IM2

	
	E-UTRA Band 7, 22, 38, 41, 42, 43
	IM3

	
	E-UTRA Band 2, 3, 5, 8, 9, 12, 13, 14, 17, 18, 19, 20, 22, 25, 26, 27, 28, 29, 33, 35, 36, 37, 39, 42, 44
	IM5

	CA_4-12
	E-UTRA Band 42
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 43
	IM5

	CA_4-17
	E-UTRA Band 42
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 43
	IM5


Table 5.2.8.4-3: Affected operating bands due to harmonic and IMD products for CA class A3
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-7
	-
	2nd Harmonics

	
	-
	3rd Harmonics

	
	-
	IM2

	
	-
	IM3

	
	E-UTRA Band 8, 12, 13, 14, 17, 18, 19, 20, 22, 26, 27, 28, 29, 42, 43, 44
	IM5

	CA_3-7
	E-UTRA Band 22, 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 12, 13, 14, 17, 20, 26, 27, 28, 29, 44
	IM2

	
	E-UTRA Band 5, 8, 18, 19, 26, 27, 42
	IM3

	
	-
	IM5

	CA_4-7
	E-UTRA Band 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 12, 13, 14, 17, 20, 26, 27, 28, 44
	IM2

	
	E-UTRA Band 5, 6, 8, 18, 19, 26, 27, 42
	IM3

	
	-
	IM5

	CA_5-12
	-
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 41
	3rd Harmonics

	
	E-UTRA Band 24
	IM2

	
	E-UTRA Band 8, 30, 40
	IM3

	
	E-UTRA Band 2, 7, 25, 31, 34, 36, 38, 41, 43
	IM5

	CA_5-17
	-
	2nd Harmonics

	
	E-UTRA Band 1, 4, 10, 41
	3rd Harmonics

	
	E-UTRA Band 24
	IM2

	
	E-UTRA Band 8, 30, 40
	IM3

	
	E-UTRA Band 2, 7, 25, 31, 34, 36, 38, 41, 43
	IM5


Table 5.2.8.4-4: Affected operating bands due to harmonic and IMD products for CA class A4
	E-UTRA CA band
	Affected operating bands
	Note

	CA_3-5
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 6, 8, 18, 19, 22, 24, 26, 42, 43
	IM5

	CA_7-20
	-
	2nd Harmonics

	
	E-UTRA Band 38, 41
	3rd Harmonics

	
	E-UTRA Band 42
	IM2

	
	E-UTRA Band 5, 18, 19, 20, 26, 27, 28, 44
	IM3

	
	E-UTRA Band 5, 7, 8, 14, 18, 19, 20, 26, 27, 28, 38, 41, 44
	IM5

	CA_3-26
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 6, 8, 11, 18, 19, 21, 22, 24, 26, 42, 43
	IM5

	CA_3-19
	E-UTRA Band 22, 42
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 5, 6, 7, 8, 18, 19, 26, 27, 38, 41
	IM2

	
	E-UTRA Band 7, 38, 41, 42
	IM3

	
	E-UTRA Band 5, 8, 19, 22, 24, 26, 41, 42, 43
	IM5

	CA_2-4
	E-UTRA Band 42, 43
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 22, 42, 43
	IM2

	
	E-UTRA Band 2, 21, 24, 25, 34, 36
	IM3

	
	E-UTRA Band 1, 4, 10, 11, 21, 23, 24, 40
	IM5

	CA_5-7
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 42
	IM2

	
	E-UTRA Band 5, 18, 19, 20, 26, 27, 28, 44
	IM3

	
	E-UTRA Band 5, 7, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 29, 38, 41, 44
	IM5

	CA_1-3
	E-UTRA Band 22, 42
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 43
	IM2

	
	E-UTRA Band 1, 4, 10, 11, 21, 23, 24
	IM3

	
	E-UTRA Band 11, 21, 23, 30, 40, 41
	IM5


Table 5.2.8.4-5: Affected operating bands due to harmonic and IMD products for CA class A5
	E-UTRA CA band
	Affected operating bands
	Note

	CA_1-21
	-
	2nd Harmonics

	
	-
	3rd Harmonics

	
	E-UTRA Band 31, 42
	IM2

	
	E-UTRA Band 8, 40, 41
	IM3

	
	E-UTRA Band 31
	IM5

	CA_19-21
	-
	2nd Harmonics

	
	E-UTRA Band 41
	3rd Harmonics

	
	E-UTRA Band 40
	IM2

	
	E-UTRA Band 43
	IM3

	
	E-UTRA Band 2, 3, 7, 9, 25, 33, 35, 36, 37, 39, 41
	IM5


5.2.9 Dual uplink Intermodulation and harmonics analysis for UE self-downlink performance   

When two transmitters are transmitting simultaneously, two uplinks would generate intermodulation products and harmonics at multiple places at front-end of the transceiver. When harmonics and intermodulation products fall into UE self DL spectrum, they may desensitize receiver performance significantly for existing H/H, L/L and H/L band combinations. Initially, only 2nd and 3rd orders of harmonics and IMDs have been considered for UE self-desensitization. However, further studies have shown that 4th and 5th orders of IMDs may also cause relevant self-desensitization. The meanwhile, 3rd order harmonics is the highest order that needs to be considered for FDD 2UL inter-band CA, due to FDD band spectrum allocation. Therefore, a table is established to examine 2UL inter-band CA harmonics up to 3rd order and IMDs up to 5th order, as presented in Table 5.2.9-1. One thing worth mentioning is that this table is intended to examine on LTE band level. Once a CA combination is identified as the one with harmonics and/or IMDs in the DL band(s), further investigation is required for identifying if this specific CA combination would be impacted by self-desensitization based on its spectrum allocation/deployment. Further identification, such as MSD, needs to be investigated, based on individual CA case.

Table 5.2.9-1: Band x and Band y UL higher order harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 
	 
	 
	 

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	–
	–

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	–
	–

	Two tone 2nd order IMD products
	|fx_low – fy_high|
	|fx_high – fy_low|

	IMD frequency limits (MHz)
	–

	Two-tone 3rd order IMD products
	|2*fx_low – 1*fy_high|
	|2*fx_high – 1*fy_low|
	|2*fy_low – 1*fx_high|
	|2*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	–

	Two-tone 5th order IMD products
	|4*fx_low – 1*fy_high|
	|4*fx_high – 1*fy_low|
	|4*fy_low – 1*fx_high|
	|4*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|3*fx_low – 2*fy_high|
	|3*fx_high – 2*fy_low|
	|3*fy_low – 2*fx_high|
	|3*fy_high – 2*fx_low|

	IMD frequency limits (MHz)
	–
	–


It is realized that IMD products with the sum of frequency components would not cause self-desensitization, such as 2xfx + 1xfy or 3xfx +1xfy for Band x and Band y. Therefore only IMD products with the difference of frequency components are listed in Table 5.2.9-1, such as I 2xfx - 1xfy I and I 3xfx - 1xfy I. 

A thorough examination is conducted by applying Table 5.2.9-1 to existing 2UL inter-band CA combinations. Table 5.2.9-2 lists the information of CA combinations where harmonics and IMDs can fall into its own downlink band(s). The information listed in Table 5.2.9-2 is based on general band-to-band analysis. When IMD issue is not identified with specific FDD spectrum deployment, this table could be updated with further study.

Table 5.2.9-2: IMDs and harmonics in downlink bands
	Class
	Band Combination
	Harmonics in DL band
	IMDs in DL band(s) 

	
	
	H2
	H3
	IMD2
	IMD3
	IMD4
	IMD5

	Dual-uplink Inter-band CA
	A1
	B1+B5
	 
	 
	 
	 
	Yes
	 

	
	
	B1+B19
	 
	 
	 
	 
	Yes
	 

	
	
	B3+B20
	 
	 
	 
	 
	Yes
	 

	
	
	B7 +B28
	 
	 
	 
	 
	 
	 

	
	
	B2+B13
	 
	 
	 
	 
	 
	 

	
	
	B4+B13
	 
	 
	 
	 
	 
	 

	
	A2
	B3+B8
	Yes
	 
	
	
	Yes 
	Yes

	
	
	B4+B12
	 
	Yes
	 
	 
	Yes
	 

	
	
	B4+B17
	 
	Yes
	 
	 
	 
	 

	
	A3
	B1+B7
	 
	 
	 
	 
	 
	 

	
	
	B3+B7
	 
	 
	 
	 
	Yes
	 

	
	
	B4+B7
	 
	 
	 
	 
	Yes
	 

	
	
	B5+B12
	 
	 
	 
	 
	 
	 

	
	
	B5+B17
	 
	 
	 
	 
	 
	 

	
	A4
	B3+B5
	 
	 
	Yes
	 
	Yes
	Yes

	
	
	B2+B4
	 
	 
	 
	Yes
	 
	Yes

	
	
	B7+B20
	 
	 
	 
	Yes
	 
	Yes

	
	
	B3+B26
	 
	 
	Yes
	 
	Yes
	Yes

	
	
	B5+B7
	 
	 
	 
	Yes
	 
	Yes

	
	
	B3+B19
	 
	 
	Yes
	 
	Yes
	Yes

	
	A5
	B1+B21
	 
	 
	 
	 
	 
	 

	
	
	B19+B21
	 
	 
	 
	 
	 
	 


5.3

RRM specific 
<Text will be added.>
6

Class A1. Low-high band combination without harmonic relation between bands or intermodulation problem
6.1
Specific issue for dual uplink inter-band CA class A1
6.1.1
Dual unlink inter-band CA class A1 operating bands

E-UTRA dual uplink inter-band carrier aggregation class A1 is designed to operate in the operating bands defined in table 6.1.1-1.

Table 6.1.1-1: Dual Uplink Inter-band CA class A1 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_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	

	CA_3-20
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	CA_1-19
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	

	CA_7-28
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	

	CA_2-13
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	

	CA_4-13
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	


6.1.2 UE receiver requirement for Class A1
Reference sensitivity is defined to be met with both downlink carriers active and either one of the uplink carriers active for 1UL inter-band CA. For 2UL inter-band CA, reference sensitivity shall be specified with both carriers transmitting simultaneously, interference comes from both the uplink CCs in each band. 
For 2UL inter-band CA class A1, the TX and RX frequency separation between two different bands is much larger than that for the same band, which generally means larger attenuation will be provided for TX noise from the other band. In addition, if the two bands share a common antenna a diplexer across the low and high bands is also assumed in the reference structure for CA class A1. Based on the previous study, minimum 15dB isolation between two bands could be realized for the diplexer in current band combinations. If the two bands have separate antennas, 10dB antenna isolation is also assumed between two bands. Therefore, the residual noise from the other uplink CC could be neglected. 
For other receiver requirement like ACS, blocking, spurious response, and intermodulation requirements in 1UL inter-band CA, the single active uplink carrier is the opposite to the downlink carrier being tested when both downlink carriers are active. It means current requirements shall be met with either of the uplink carrier active. Considering the isolation between two bands, it is also expected that impact on other RX requirements due to 2UL can be neglected for class A1. 
6.2
LTE-Advanced Carrier Aggregation of Band 1 and Band 5
6.2.1
Inter-region OOBE requirements for Carrier Aggregation of Band 1 and Band 5  

Table 6.2.1-1: 2UL 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
	
	FUL_low   –  FUL_high
	
	

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

	
	5
	824 MHz
	–
	849 MHz
	10
	869 MHz
	–
	894 MHz
	10
	


6.2.1.1 List of specific combination issues 
6.2.1.1.1 Channel bandwidths per operating band for CA
Table 6.2.1.1.1-1: 2UL inter-band CA operating bands
	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_1A-5A
	1
	
	
	
	Yes
	
	
	0

	
	5
	
	
	
	Yes
	
	
	


6.2.1.1.2 Co-existence studies for CA_1A-5A with 2ULs
For the analysis of 2UL inter-band CA 1A-5A UE, we should study and analyze the inter-modulation products and harmonics products when both Band 1 and Band 5 with 2ULs are transmitting simultaneously. 
The combination of Band 1 and Band 5 has harmonics frequencies that are far away from the components receive and transmit frequencies, in the UL and in the DL of the CA combination, as shown in table 6.2.1.1.2-1. So there was no harmonic issue except Band 41. In the conventional SE for UE-to-UE coexistence requirements, the 3rd harmonics of Band 5 UE already fall into B41 DL band, but exceptions for SE measurements are permitted if there is at least one individual RB within the transmission bandwidth for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW) [3].  
Also, the inter-modulation products for CA_1A-5A UE with 2 ULs as shown in table 6.2.1.1.2-1. None of the IMD products fall into the own CA_1A-5A UE receive bands.  But, 2-tone 3rd IMD products may have impact on the Band 22 DL, Band 42 DL and 43 DL bands. But Band 22, Band 42 and Band 43 are far away from Band1 and Band 5, so we can assume that the UE front-end filter can effectively attenuate these IMD products.
Table 6.2.1.1.2-1: 2 UL B1 + B5 harmonic products and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	824
	849

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3840 to 3960
	1648 to 1698

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5760 to 5940
	2472 to 2547

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1071 to 1156
	2744 to 2829

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2991 to 3136
	222 to 332

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4664 to 4809
	3568 to 3678


For the connectivity radios (WLAN, BT etc. in ISM bands) and positioning systems (GPS, Galileo, Glonass, Compass, etc), RAN4 analyzed the impact of the IMD/Harmonic from dual-uplink CA transmission in Table 6.2.1.1.2-2. From the analysis table, WLAN system has some harmonics problems in 5GHz and 2.4GHz by 3rd harmonics from each Band 1 and Band5, respectively.
Table 6.2.1.1.2-2: The IMD/Harmonic analysis to protect ISM bands and positioning systems
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	Band5 3rd harmonics

	
	2400
	-
	2494
	Yes
	Asia
	Band5 3rd harmonics

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	Band1 3rd harmonics

	
	5150
	-
	5350
	No
	Europe
	

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	Band1 3rd harmonics


6.2.1.1.3 Analysis of IMD4 products
The IMD4 products for 2ULs CA_1A-5A UE are shown in table 6.2.1.1.3-1. The two-tone IMD4 products by |2*fx_low –2* fy_high| to |2*fx_high – 2*fy_low| fall into the own CA_1A-5A UE receive bands. And also 2-tone IMD4 products may have impact on the Band 4 DL, Band 10 DL and 23 DL bands. But Band 4, Band 10 and Band 23 are not deployed in the same region with CA_1A-5A UE.
Table 6.2.1.1.3-1: Band 1 and Band 5 UL IMD4 product

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 824
	849 
	1920
	 1980

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	 492 - 627
	 4911 - 5116

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	  2142 – 2312


To analyze the IMD4 products on PA components, we assume the typical values of RF components as follows
· CA Channel BW : 10MHz  + 10MHz  
· RB Allocation for worst scenario: Victim band (1 RB), Aggressor band (1 RB)  
· Aggregated maximum output power : 25dBm with 2dB tolerance
· Tx/Rx RF component IL : 3.5dB
· 3.5dB = sum(ANT SW: 0.5dB,  Diplexer :0.5dB, Duplexer: 2.5dB)  
· FE coupling loss : 40~70dB
· Antenna loss :10dB
· Diplexer Characteristics: 20dB for Band 1- Band 5 isolation 
· Duplexer Characteristics: Tx-Rx isolation: 50dB, Tx-Ant isolation : 35 dB
For example, in the 2UL inter-band CA_1A-5A, the leakage from Band 5 into Band 1 can be modelled with two paths which are depicted in Figure 6.2.1.1.3-1. The first path (blue line) is general interference signal from band 5 transmission, which level is estimated to be about -34dBm considering general duplexer, diplexer and antenna loss. And the second path (yellow line) is generated by cross coupling effect through PCB which is quite dependent on the UE implementation. 
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Figure 6.2.1.1.3-1 Example of input signal level to generate the IMD4 at PA components
 This two leakages are described as Eq. 6.2.1.1.3-1 and Eq. 6.2.1.1.3-2 :
· The leakage signal level at “P” :                                
S1 (Blue line) = PA output power of Band 5 - Tx RF component loss of Band 5 –Rx RF component loss of Band 1 = -34dBm/CBW
(Eq. 6.2.1.1.3-1)
S2 (Yellow Line) = PA output power of Band 5 – Coupling loss (30~70dB) = 25-(40~70) = -15  ~ -45 dBm/CBW
 (Eq. 6.2.1.1.3-2)
In Figure 6.2.1.1.3-1, the “P” is the point where IMD4 can be generated by two different signal paths (blue path and yellow path). But the input signal level by coupling loss in PA (yellow path) is more critical than the general interference signal by reversed RF path (blue path). That is to say, assuming coupling loss of 50 dB to evaluate the IMD4 signal level in PA, the input signal level of Band 1 PA is about -25dBm which is 9dB higher than the general interference signal level of -34dBm by reversed RF path in blue line.
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Figure 6.2.1.1.3-2. IMD measurement setup by coupling loss at PA output in Case1
So, we can measure the IMD4 level by coupling loss as shown in Figure 6.2.1.1.3-2 [2]. The measurement results are shown in Table 6.2.1.1.3-2 and 6.2.1.1.3-3 according two test cases.
· Case 1: Band 1 victim and Band 5 aggressor 
· Case 2: Band 1 aggressor and Band 5 victim 
Table 6.2.1.1.3-2: IMD4 measurements results of 2ULs CA_1A-5A UE in Case1

	Band 1
(MHz)
	Band 5
(MHz)
	Coupling 
Loss
	B5 (aggressor)
 Power
	B1
(victim)
 Power
	Pout
	 Level at 607MHz
(IM4)
	Level at 2162 MHz
(IM4)
	Level at 1318 MHz
(IM5)

	1925
	844
	40dB
	-15dBm
	0 dBm
	25dBm
	-26.3
	-8.9
	-22.7

	1925
	844
	45dB
	-20dBm
	0 dBm
	25dBm
	-41.8
	-19.2
	-40.5

	1925
	844
	50dB
	-25dBm
	0 dBm
	25dBm
	-58.5
	-29.3
	-56.3

	1925
	844
	55dB
	-30dBm
	0 dBm
	25dBm
	-
	-40.2
	-

	1925
	844
	60dB
	-35dBm
	0 dBm
	25dBm
	-
	-48.9
	-

	1925
	844
	65dB
	-40dBm
	0 dBm
	25dBm
	-
	-58.7
	-

	1925
	844
	70dB
	-45dBm
	0 dBm
	25dBm
	-
	-62.7
	-


Table 6.2.1.1.3-3: IMD4 measurements results of 2ULs CA_1A-5A UE in Case2

	Band 1
(MHz)
	Band 5
(MHz)
	Coupling 
loss
	B5 (Victim)
 Power
	B1
(aggressor)
 Power
	Pout
	 Level at 607MHz
(IM4)
	Level at 2162 MHz
(IM4)
	Level at 1318 MHz
(IM5)

	1925
	844
	40dB
	0 dBm
	-15 dBm
	25dBm
	-15.7
	-57.9
	-44.2

	1925
	844
	45dB
	0 dBm
	-20 dBm
	25dBm
	-20.5
	-64.1
	-54.1

	1925
	844
	50dB
	0 dBm
	-25 dBm
	25dBm
	-25.2
	-
	-62.0

	1925
	844
	55dB
	0 dBm
	-30 dBm
	25dBm
	-30.7
	-
	-

	1925
	844
	60dB
	0 dBm
	-35 dBm
	25dBm
	-35.2
	-
	-

	1925
	844
	65dB
	0 dBm
	-40 dBm
	25dBm
	-40.2
	-
	-

	1925
	844
	70dB
	0 dBm
	-45 dBm
	25dBm
	-45.6
	-
	-


From Table 6.2.1.1.3-2, we can see that the IMD4 level has quite an impact on the Band 1 DL frequency range (8th column) considering coupling loss of equal or less than 50 dB. From Table 6.2.1.1.3-3, the most measured IMD4 levels (7th column) are higher than those of Case1. But the frequency range of IMD4 in Case2 is not directly related to the own DL frequency of band 1 and band 5. And also the measured IMD4 level by |3*fx- 1*fy| is a bit higher than IMD4 level by |2*fx-2*fy|, but the difference is small. 
We can analyze impact on the REFSENS with this measurement. To do this, we consider the B1 duplexer attenuation to be 50dB. Then the estimated REFSENS degradation is:
· Desense level for 2ULs UE = Conventional thermal noise level – (Thermal noise + Interference level of IMD4 products)      










= -104dBm – (10^(-10.4) +10^( -7.93)) = -104dBm – (-79.285 dBm)
= -24.71dB








(Eq. 6.2.1.1.3-3)
 From the IMD4 measurements and REFSENS analyses, we can summarize the self desensitisation levels in Table 6.2.1.1.3-4 according to the coupling loss for Case 1. 
Table 6.2.1.1.3-4: Self-desensitization in Band 1 by coupling loss for 2ULs CA_1A-5A UE

	Coupling factor (dB)
	Desensitization (dB)

	40
	45.10

	45
	34.80

	50
	24.71

	55
	13.98

	60
	6.27

	65
	1.27

	70
	0.55


So we can see that IMD4 impact is negligible on REFSENS of Band 1, when coupling loss is over the 70dB.
But, from the discussion paper [3], IMD4 from B1+B5 would not be falling into Band 1 DL spectrum when we assume maximum 20MHz channel bandwidth per each band and fixed Tx-Rx separation. So RAN4 needs not define any MSD level for 2ULs CA_1A-5A UE.
Observation1: For the CA_1A-5A UE, RAN4 needs not consider the MSD level for Band 1 assuming maximum 20MHz channel bandwidth per each bands and fixed Tx-Rx separation.
6.2.1.1.4 ∆TIB and ∆RIB values
For the class A1 UE with 2ULs simultaneous transmission, additional insertion loss is introduced by diplexer, which can impact to the maximum output power and reference sensitivity level. Generated IMD products and harmonics from 2UL inter-band CA 1A-5A UE do not impact to its own DL frequency bands. The insertion loss of the diplexer has been reported by the RF filter vendors as following Table 6.2.1.1.4-1.
Table 6.2.1.1.4-1: Reported ILs for CA_1A-5A diplexer
	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)

	1
	0.38
	0.66
	0.53
	0.41
	0.45

	5
	0.36
	0.49
	0.45
	0.35
	0.3


086




























































































































For the reported IL values there was no or only marginal difference for the Tx/Rx paths reported. Table 6.2.1.1.4-2 shows the average IL
Table 6.2.1.1.4-2: Average Tx and Rx ILs for CA_1A-5A 
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]
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	1
	0.49
	0.49

	
	5
	0.39
	0.39


Therefore, for the UE which supports CA_1A-5A the ΔTIB,c is defined for applicable bands in table 6.2.1.1.4-3.
Table 6.2.1.1.4-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	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_1A-5A the ΔRIB is defined for applicable bands in table 6.2.1.1.4-4.
Table 6.2.1.1.4-4: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_1A-5A
	1
	0

	
	5
	0


6.3
LTE-Advanced Carrier Aggregation of Band 3 and Band 20
6.3.1
Operating bands for CA

Table 6.3.1-1: 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_3-20
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


6.3.2
Channel bandwidths per operating band for CA

Table 6.3.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.3.3
Harmonics and IMD study
Table 6.3.3-1 lists B3+B20 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE own band analysis and the UE-to-UE coexistence analysis. Table 6.3.3-2 and Table 6.3.3-3 list the 4th order and 5th order IMD for the UE own receiving bands analysis.
Table 6.3.3-4 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands. 
Table 6.3.3-1: Band 20 and Band 3 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	1710
	1785

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	1664 – 1724
	3420 – 3570

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2496 – 2586
	5130 – 5355

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	848 – 953
	2542 – 2647

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	0 – 121
	2558 – 2738

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	3374 – 3509
	4252 – 4432


Table 6.3.3-2: Band 3 and Band 20 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	711 to 876 MHz

	|3*fy - 1*fx|
	4268 to 4523 MHz

	|2*fx - 2*fy|
	1696 to 1906 MHz


Table 6.3.3-3: Band 3 and Band 20 UL IMD5 products
	|3*fx - 2*fy|
	834 to 1074 MHz

	|3*fy - 2*fx|
	3406 to 3691 MHz

	|3*fx + 2*fy|
	5916 to 6156 MHz

	|3*fy + 2*fx|
	6794 to 7079 MHz

	|4*fx - 1*fy|
	1543 to 1738 MHz

	|4*fy - 1*fx|
	5978 to 6308 MHz

	|4*fx + 1*fy|
	5038 to 5233 MHz

	|4*fy + 1*fx|
	7672 to 8002 MH


Table 6.3.3-4: Protected bands / spectrum affected by IMD2/IMD3 from CA with B20 + B3

	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  38  42
B20 protected DL bands: 22  38  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 7   8  18  19  26  27  38

B20 protected DL bands: 7  8  38

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 7  38  42

B20 protected DL bands: 7  38   42


The inter-band CA combination CA_3A-20A does not have 2nd, 3rd or 5th order intermodulation problems into its own DL as shown in Table 6.3.3-1 and Table6.3.3-3. IMD4 can cause intermodulation distortion to the own band 20 and band 3 DL, Table 6.3.3-2.
 Table 6.3.3-4 lists B3 and B20 protected bands for UE co-existence which are affected by harmonics or IMDs from B3 + B20 CA.
When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.3.3-5 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.3.3-5: 2UL B20+ B3 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	Yes
	
	IMD5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	-
	Asia
	-

	ISM band
 (5GHz)
	5150
	-
	5925
	-
	US
	-

	
	5150
	-
	5350
	Yes
	Europe
	IMD5 and 3rd order harmonic B3

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	-
	Asia
	-


RAN4 agreed on the following in order to deal with possible harmonic and IMD problems for 2ULs:

· For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation [11].
· For harmonics and IMD problems in ISM bands, RAN4 should not consider an additional insertion loss for filtering solutions compared to 1UL inter-band CA [12].

· From RAN4#69 forward approve proposals that reuse single uplink inter-band CA (TIB and (RIB values for those dual uplink inter-band CA band combinations that don't have 2nd/3rd/5th order intermodulation problem with own DL [13].
· RAN4 shall consider 4th and 5th order intermodulation if falling into the own receiving band, R4-140575, R4-141259 and R4-69AH-0030.
6.3.4
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one or two E-UTRA bands the ΔTIB,c is defined for applicable bands in Table 6.3.4-1.
Table 6.3.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]
	ΔTIB,c Inter-band with two active UL serving cells [dB]

	CA_3A-20A
	3
	0.3
	0.3

	
	20
	0.3
	0.3

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 6.2.5A-3, truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 6.2.5A-3 that applies for that operating band among the supported CA configurations


For the UE which supports inter-band carrier aggregation configuration in Table 6.3.4-2 with uplink in one or two E-UTRA bands, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.3.4-2 for the applicable E-UTRA bands.
Table 6.3.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]
	ΔRIB,c Inter-band with two active UL serving cells [dB]

	CA_3A-20A
	3
	0
	0

	
	20
	0
	0

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in intra-band and non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 7.3.1-1A, truncated to one decimal place that would apply for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 7.3.1-1A that would apply for that operating band among the supported CA configurations


6.4
LTE-Advanced Carrier Aggregation of Band 1 and Band 19
6.4.1
Operating bands for CA

Table 6.4.1-1: Inter-band CA operating bands for CA_1-19
	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-19
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	19
	830 MHz
	–
	845MHz
	875 MHz
	–
	890 MHz
	


6.4.2
Channel bandwidths per operating band for CA

Table 6.4.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_1-19
	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	


6.4.3
Harmonics and IMD study

Table 6.4.3-1 lists B1+B19 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. 

Table 6.4.3-1: Band 19 and Band 1 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	830
	845
	1920
	1980

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	1660 – 1690
	3840 – 3960

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2490 – 2535
	5760 – 5940

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1075 – 1150
	2750 – 2825

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	230 – 320
	2995 – 3130

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	3580 – 3670
	4670 – 4805


Frequency limits for 5th order IMD are presented in Table 6.4.3-2.
Table 6.4.3-2: CA_1A-19A 5th order UL IMD product frequency ranges
	 |2*fx - 3*fy|
	4070 - 4280

	 |2*fx + 3*fy|
	7420 - 7630

	 |2*fy - 3*fx|
	1305 - 1470

	 |2*fy + 3*fx|
	6330 - 6495

	 |fx - 4*fy|
	6835 - 7090

	 |fx + 4*fy|
	8510 - 8765

	 |fy – 4*fx|
	1340 - 1460

	 |fy + 4*fx|
	5240 - 5360


When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.4.3-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.4.3-3: 2UL B1+ B19 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	-
	US/Europe
	-

	
	2400
	-
	2494
	Yes
	Asia
	3rd order harmonic B19

	ISM band
 (5GHz)
	5150
	-
	5925
	-
	US
	-

	
	5150
	-
	5350
	-
	Europe
	-

	
	5470
	-
	5725
	-
	
	-

	
	5150
	-
	5825
	-
	Asia
	IMD5 and 3rd order harmonic B1


6.4.4
∆TIB and ∆RIB values
For inter-band CA_1-19, since there is no 2nd/3rd/5th order intermodulation problem with own DL, ∆TIB,c and ∆RIB,c for 1UL is reused for 2UL.
For two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.4.4-1 and in table 6.4.4-2:
Table 6.4.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1-19
	1
	0.3

	
	19
	0.3


Table 6.4.4-2: ΔRIB,c 

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

	CA_1-19
	1
	0

	
	19
	0


6.5
LTE-Advanced Carrier Aggregation of Band 7 and Band 28
6.5.1
Operating bands for CA

Table 6.4.1-1: Inter-band CA operating bands for CA_7-28
	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_7-28
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


6.5.2
Channel bandwidths per operating band for CA

Table 6.5.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_7-28
	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_7A-28A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	28
	
	
	Yes
	Yes
	Yes
	
	
	


6.5.3
Harmonics and IMD study

Table 6.5.3-1 lists B7+B28 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. 

Table 6.5.3-1: Band 28 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	2500
	2570

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	1406 – 1496
	5000 – 5140

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2109 – 2244
	7500 – 7710

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1752 – 1867
	3203 – 3318

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	1004 – 1164
	4252 – 4437

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	3906 – 4066
	5703 – 5888


Frequency limits for 5th order IMD are presented in Table 6.5.3-2.
Table 6.5.3-2: CA_7A-28A 5th order UL IMD product frequency ranges
	 |2*fx - 3*fy|
	6004 - 6304

	 |2*fx + 3*fy|
	8906 - 9206

	 |2*fy - 3*fx|
	2756 - 3031

	 |2*fy + 3*fx|
	7109 - 7384

	 |fx - 4*fy|
	9252 - 9577

	 |fx + 4*fy|
	10703 - 11028

	 |fy – 4*fx|
	242 - 492

	 |fy + 4*fx|
	5312 - 5562


When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.5.3-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.5.3-3: 2UL B7+ B28 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	No
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD3 and IMD5

	
	5150
	-
	5350
	Yes
	Europe
	IMD5

	
	5470
	-
	5725
	Yes
	
	IMD3 and IMD5

	
	5150
	-
	5825
	Yes
	Asia
	IMD3 and IMD5


6.5.4
∆TIB and ∆RIB values
For inter-band CA_7-28, since there is no 2nd/3rd/5th order intermodulation problem with own DL, ∆TIB,c and ∆RIB,c for 1UL is reused for 2UL.
For two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.5.4-1 and in table 6.5.4-2:
Table 6.5.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7-28
	7
	0.3

	
	28
	0.3


Table 6.5.4-2: ΔRIB,c 

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

	CA_7-28
	7
	0

	
	28
	0


6.6
LTE-Advanced Carrier Aggregation of Band 2 and Band 13
6.6.1
Operating bands for CA
Table 6.6.1-1: 2UL 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
	
	FUL_low   –  FUL_high
	
	

	CA_2-13
	2
	1850 MHz
	–
	1910 MHz
	5,10,15,20
	1930 MHz
	–
	1990 MHz
	5,10,15,20
	FDD

	
	13
	777 MHz
	–
	787 MHz
	10
	746 MHz
	–
	756 MHz
	10
	


6.6.2
Channel bandwidths per operating band for CA
Table 6.6.1.1.1-1: 2UL inter-band CA operating bands
	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_2A-13A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	13
	
	
	
	Yes
	
	
	

	
	2
	
	
	Yes
	Yes
	
	
	1

	
	13
	
	
	
	Yes
	
	
	


6.6.3
Harmonics and IMD study
Table 6.6.1.1.2-1 lists B2+B13 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. 

Table 6.6.1.1.2-1: Band 2 and Band 13 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1850
	1910
	777
	787

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3700 – 3820
	1554 – 1574

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5550 – 5730
	2331 – 2361

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1063 – 1133
	2627 – 2697

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2913 – 3043
	276 – 356

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4477 – 4607
	3404 – 3484


Frequency limits for 5th order IMD are presented in Table 6.6.1.1.2-2.
Table 6.6.1.1.2-2: CA_2A-13A 5th order UL IMD product frequency ranges
	 |2*fx - 3*fy|
	1339 - 1489

	 |2*fx + 3*fy|
	6031 - 6181

	 |2*fy - 3*fx|
	3976 - 4176

	 |2*fy + 3*fx|
	7104 - 7304

	 |fx - 4*fy|
	1198 - 1298

	 |fx + 4*fy|
	10703 - 11028

	 |fy – 4*fx|
	4958 - 5058

	 |fy + 4*fx|
	8177 - 8427


When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.6.1.1.2-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.6.1.1.2-3: 2UL B2+ B13 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	2nd harmonics

	Galileo
	1559
	-
	1591
	Yes
	
	2nd harmonics

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	Yes
	
	2nd harmonics

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	No
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	3rd harmonics and IMD5

	
	5150
	-
	5350
	No
	Europe
	

	
	5470
	-
	5725
	Yes
	
	3rd harmonics

	
	5150
	-
	5825
	Yes
	Asia
	3rd harmonics


6.6.4
∆TIB and ∆RIB values
For inter-band CA_2-13, since there is no 2nd/3rd/4th/5th order intermodulation problem with own DL, ∆TIB,c and ∆RIB,c for 1UL is reused for 2UL.
For two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.6.4-1 and in table 6.6.4-2:
Table 6.6.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2-13
	2
	0.3

	
	13
	0.3


Table 6.6.4-2: ΔRIB,c 

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

	CA_2-13
	2
	0

	
	13
	0


6.7
LTE-Advanced Carrier Aggregation of Band 4 and Band 13
6.7.1
Operating bands for CA 

Table 6.7.1-1: 2UL 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
	
	FUL_low   –  FUL_high
	
	

	CA_4-13
	4
	1710 MHz
	–
	1755 MHz
	5,10,15,20
	2110 MHz
	–
	2155 MHz
	5,10,15,20
	FDD

	
	13
	777 MHz
	–
	787 MHz
	10
	746 MHz
	–
	756 MHz
	10
	


6.7.2
Channel bandwidths per operating band for CA
Table 6.7.2-1: 2UL inter-band CA operating bands
	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_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	13
	
	
	
	Yes
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	1

	
	13
	
	
	
	Yes
	
	
	


6.7.3
Harmonics and IMD study
Table 6.7.3-1 lists B4+B13 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. 

Table 6.7.3-1: Band 4 and Band 13 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1755
	777
	787

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3420 – 3510
	1554 – 1574

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5130 – 5265
	2331 – 2361

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	923 – 978
	2487 – 2542

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2633 – 2733
	136 – 201

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4197 – 4297
	3264 – 3329


Frequency limits for 5th order IMD are presented in Table 6.7.3-2.
Table 6.7.3-2: CA_4A-13A 5th order UL IMD product frequency ranges
	 |2*fx - 3*fy|
	1059 - 1179

	 |2*fx + 3*fy|
	5751 - 5871

	 |2*fy - 3*fx|
	3556 - 3711

	 |2*fy + 3*fx|
	6684 - 6839

	 |fx - 4*fy|
	1353 - 1438

	 |fx + 4*fy|
	4818 - 4903

	 |fy – 4*fx|
	6053 - 6243

	 |fy + 4*fx|
	7617 - 7807


When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.7.3-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.7.3-3: 2UL B4+ B13 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	2nd harmonics

	Galileo
	1559
	-
	1591
	Yes
	
	2nd harmonics

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	Yes
	
	2nd harmonics

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD2

	
	2400
	-
	2494
	Yes
	Asia
	IMD2

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	3rd harmonics and IMD5

	
	5150
	-
	5350
	Yes
	Europe
	3rd harmonics

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	IMD5


6.7.4
∆TIB and ∆RIB values
For inter-band CA_4-13, since there is no 2nd/3rd/4th/5th order intermodulation problem with own DL, ∆TIB,c and ∆RIB,c for 1UL is reused for 2UL.
For two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 6.7.4-1 and in table 6.7.4-2:
Table 6.7.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4-13
	4
	0.3

	
	13
	0.3


Table 6.7.4-2: ΔRIB,c 

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

	CA_4-13
	4
	0

	
	13
	0


7

Class A2. Low-high band combination with harmonic relation between bands
In accordance with the way forward agreement R4-69AH-0091, we propose to reuse the Tx and Rx relations for class A2 combinations from 1UL to 2UL.  The Tx and Rx relaxations agreed for 1UL were derived based on a "shared-pain" principle applied to the additional insertion loss of a diplexer as well as the harmonic trap filter in the low band needed to suppress the level of the transmitted harmonic.  

The reference sensitivity for 2UL class A2 combinations is also agreed to be specified by MSD.  This is similar to how reference sensitivity is specified for 1UL class A2 since the interference mechanism leading to MSD is the same.  It is expected that the same RF front-end hardware will be used for 2UL as for 1UL for A2 combinations.  Therefore, the insertion losses and linearity specifications for the components will be the same.    
For 2UL CA, one possible difference is that the power at the output of the low band PA may be lower than for single carrier since the composite power of the two transmitters is bound by PCMAX.  However, since the output power of each component carrier is allowed to be power controlled separately, it is still possible that most of the output power is assigned to the low band.  The impact of reduced Tx power per CC depends on the distribution of 3rd harmonic generation throughout the entire transmit and receive chain as well as coupling across the PCB and on-chip.  With the inclusion of a harmonic trap filter attenuating the 3rd harmonic spur at the output of the duplexer, it is estimated that the difference in MSD when considering equal power transmission in each CC is only 0.5 dB.  With unequal power transmission, the difference will be even smaller.Table 7-1.  Third harmonic MSD for single transmission and for dual transmission with power split equally to each CC.

	
	5 MHz
	10 MHz

	Single Tx
	-90
	-89.5

	2 Tx, equal power
	-90.5
	-90


Therefore, we propose that the H3 interference and therefore the MSD will be approximately the same between 1UL and 2UL and that the same specifications can be reused.
7.1
Specific issue for dual uplink inter-band CA class A2
7.1.1
Dual uplink inter-band CA class A2 operating bands
E-UTRA dual uplink inter-band carrier aggregation class A2 is designed to operate in the operating bands defined in table 7.1.1-1.

Table 7.1.1-1: Dual Uplink Inter-band CA class A2 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
	–
	960MHz
	

	CA_4-12
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	CA_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


7.2
LTE-Advanced Carrier Aggregation of Band 3 and Band 8
Table 7.2-1: 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_3-8
	3
	1710 MHz
	–
	1785 MHz
	10, 15, 20 
	1805 MHz
	–
	1880 MHz
	10, 15, 20
	FDD

	
	8
	880 MHz
	–
	915 MHz
	5, 10
	925 MHz
	–
	960 MHz
	5, 10
	FDD


7.2.1

List of specific combination issues

7.2.1.1
Channel bandwidths per operating band for CA

Table 7.2.1.1-1: 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
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [22] when operating in single carrier mode.

A harmonics and IMD coexistence analysis table for inter-band CA with 2UL of Band 3 and Band 8 is given in table 7.2.1.1-2. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.

Table 7.2.1.1-2: Band 3 and Band 8 UL harmonics and IMD products

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	


	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	880
	915

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

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

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

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

	Two tone 2nd order IMD products
	|fx_low – fy_high|
	|fx_high – fy_low|

	IMD frequency limits (MHz)
	795 to 905

	Two-tone 3rd order IMD products
	|2*fx_low – 1*fy_high|
	|2*fx_high – 1*fy_low|
	|2*fy_low – 1*fx_high|
	|2*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	2505 to 2690
	25 to 120

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	4215 to 4475
	855 to 1035

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	1590 to 1810

	Two-tone 5th order IMD products
	|4*fx_low – 1*fy_high|
	|4*fx_high – 1*fy_low|
	|4*fy_low – 1*fx_high|
	|4*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	5925 to 6260
	1735 to 1950

	Two-tone 5th order IMD products
	|3*fx_low – 2*fy_high|
	|3*fx_high – 2*fy_low|
	|3*fy_low – 2*fx_high|
	|3*fy_high – 2*fx_low|

	IMD frequency limits (MHz)
	3300 to 3595
	675 to 930


7.3
LTE-Advanced Carrier Aggregation of Band 4 and Band 12
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

Table 7.3.1.1-1: 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
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	12
	
	Yes
	Yes
	Yes
	
	
	
	


7.3.1.2
Coexistence studies for 2UL

Harmonic and IMD analysis follows.

Table 7.3.1.2-1: Band 4 and Band 12 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1755
	699
	716

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

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

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

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

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	994 to 1056
	2409 to 2471

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2704 to 2811
	278 to 357

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4119 to 4226
	3108 to 3187

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	1041 to 1154
	6124 to 6321

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	4506 to 4619
	7539 to 7736

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	1272 to 1413
	3698 to 3867

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	5517 to 5658
	6528 to 6697


Table 7.3.1.2-2: Band 4 and Band 12 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	4414 to 4566 MHz

	|3*fy - 1*fx|
	342 to 438 MHz

	|2*fx - 2*fy|
	1988 to 2112 MHz


The inter-band CA combination CA_4A-12A has 3rd harmonic problems into its own DL as shown in Table 7.3.1.2-1.and IMD4 may little partly fall into band 4 DL base on Table 7.3.1.2-2.
When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 7.3.1.2-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 7.3.1.2-3: 2UL B4+ B12 harmonic and IMD for ISM and GNSS bands
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD2

	
	2400
	-
	2494
	-
	Asia
	-

	ISM band
 (5GHz)
	5150
	-
	5925
	-
	US
	-

	
	5150
	-
	5350
	Yes
	Europe
	3rd order harmonic B4,IMD5

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	-
	Asia
	-


7.3.1.3
∆TIB and ∆RIB values

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



	CA_4A-12A
	4
	0.3

	
	12
	0.8


Table 7.3.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_4A-12A
	4
	0

	
	12
	0.5


7.3.1.4
MSD
Table 7.3.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_4A-12A
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 7.3.1.4-2: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


7.4
LTE-Advanced Carrier Aggregation of Band 4 and Band 17
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

Table 7.4.1.1-1: 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
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	


7.4.1.2
Coexistence studies for 2UL

Harmonic and IMD analysis follows.

Table 7.4.1.2-1: Band 4 and Band 17 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1755
	704
	716

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

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

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

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

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	994 to 1056
	2414 to 2471

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2704 to 2806
	278 to 347

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4124 to 4226
	3118 to 3187

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	1061 to 1154
	6124 to 6316

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	4526 to 4619
	7544 to 7736

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	1272 to 1398
	3698 to 3857

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	5532 to 5658
	6538 to 6697


Table 7.4.1.2-2: Band 4 and Band 17 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	4414 to 4561 MHz

	|3*fy - 1*fx|
	357 to 438 MHz

	|2*fx - 2*fy|
	1988 to 2102 MHz


The inter-band CA combination CA_4A-17A only has 3rd harmonic problem into its own DL and does not have 2nd, 3rd, 4th or 5th order intermodulation problems into its own DL as shown in Table 7.4.1.2-1 and Table 7.4.1.2-2.

When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 7.4.1.2-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 7.4.1.2-3: 2UL B4+ B17 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD2

	
	2400
	-
	2494
	-
	Asia
	-

	ISM band
 (5GHz)
	5150
	-
	5925
	-
	US
	-

	
	5150
	-
	5350
	Yes
	Europe
	3rd order harmonic B4,IMD5

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	-
	Asia
	-


7.4.1.3
∆TIB and ∆RIB values

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



	CA_4A-17A
	4
	0.3

	
	17
	0.8


Table 7.4.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_4A-17A
	4
	0

	
	17
	0.5


7.4.1.4
MSD
Table 7.4.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_4A-17A
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 7.3.1.4-2: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


8

Class A3. Low-low or high-high band combinations 
8.1
Specific issue for dual uplink inter-band CA class A3
8.1.1
Dual unlink inter-band CA class A3 operating bands

E-UTRA dual uplink inter-band carrier aggregation class A3 is designed to operate in the operating bands defined in table 8.1.1-1.

Table 8.1.1-1: Dual Uplink Inter-band CA class A3 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_1-7
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	

	CA_3-7
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	

	CA_4-7
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	

	CA_5-12
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	

	CA_5-17
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


8.2
LTE-Advanced Carrier Aggregation of Band 1 and Band 7
8.2.1
Inter-region OOBE requirements for Carrier Aggregation of Band 1 and Band 7  

CA_1-7 inter-band combination is designed to operate in the following bands defined in table 8.2.1-1.
Table 8.2.1-1: 2UL 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_1-7
	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	


8.2.1.1
List of specific combination issues
8.2.1.1.1
Channel bandwidths per operating band for CA

Supported channel bandwidths per operating band for CA_1-7 are shown in table 8.2.1.1.1-1.

Table 8.2.1.1.1-1: 2UL inter-band CA operating bands
	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

	B1+B7
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	


8.2.1.1.2
Co-existence studies for 2 UL/2 DL

Table 8.2.1.1.2-1 gives the inter-modulation products for Band 1 + Band 7 CA with 2 ULs. 
Table 8.2.1.1.2-1: Band 1 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	2500
	2570

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3840 to 3960
	5000 to 5140

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5760 to 5940
	7500 to 7710

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	520 to 650
	4420 to 4550

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	1270 to 1460
	3020 to 3220

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	6340 to 6530
	6920 to 7120


Note that the calculation in table 8.2.1.1.2-1, there is no interference for other bands due to Band 1 and Band 7 harmonics and intermodulation products.

Table 8.2.1.1.2-2: Band 1 and Band 7 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	3190 to 3440 MHz

	|3*fy - 1*fx|
	5520 to 5790 MHz

	|2*fx - 2*fy|
	1040 to 1300 MHz


Table 8.2.1.1.2-3: Band 1 and Band 7 UL IMD5 products
	|3*fx - 2*fy|
	620 to 940 MHz

	|3*fy - 2*fx|
	3540 to 3870 MHz

	|3*fx + 2*fy|
	10760 to 11080 MHz

	|3*fy + 2*fx|
	11340 to 11670 MHz

	|4*fx - 1*fy|
	5110 to 5420 MHz

	|4*fy - 1*fx|
	8020 to 8360 MHz

	|4*fx + 1*fy|
	10180 to 10490 MHz

	|4*fy + 1*fx|
	11920 to 12260 MHz


The inter-band CA combination CA_1A-7A does not have 2nd, 3rd, 4th or 5th order intermodulation problems into its own DL as shown in Table 8.2.1.1.2-1, Table 8.2.1.1.2-2 and Table 8.2.1.1.2-3.
When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 8.2.1.1.2-4 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 8.2.1.1.2-4: 2UL B1+ B7 harmonic and IMD for ISM and GNSS bands
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	No
	Asia
	-

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	3rd order harmonic B1,IMD4,IMD5

	
	5150
	-
	5350
	Yes
	Europe
	IMD5

	
	5470
	-
	5725
	Yes
	
	IMD4

	
	5150
	-
	5825
	Yes
	Asia
	3rd order harmonic B1,IMD4,IMD5


8.2.1.1.3
∆TIB and ∆RIB values
For the UE which supports the configuration CA_1A-7A with 2ULs, the following ∆TIB and ∆RIB values for single uplink inter-band CA about this combination should be reused.
the (TIB,c and (RIB,c values are given in the tables below:

Table 8.2.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_1A-7A
	1
	FFS

	
	7
	FFS


NOTE
To meet the ΔTIB,c requirements with state-of-the-art technology, an increase in power consumption of the UE may be required. It is also expected that as the state-of-the-art technology evolves in the future, this possible power consumption increase can be reduced or eliminated.

Table 8.2.1.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_1A-7A
	1
	FFS

	
	7
	FFS


8.3
LTE-Advanced Carrier Aggregation of Band 3 and Band 7
8.3.1
Operating bands for CA

Table 8.3.1-1: 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_3-7
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	


8.3.2
Channel bandwidths per operating band for CA

Table 8.3.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	


8.3.3
Harmonics and IMD study

Table 8.3.3-1 lists B3+B7 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE own band analysis and the UE-to-UE coexistence analysis. Table 8.3.3-2 and Table 8.3.3-3 list the 4th order and 5th order IMD for the UE own band analysis. 
Table 8.3.3-4 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands.

Table 8.3.3-1: Band 3 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2500
	2570

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3420 – 3570
	5000 – 5140

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5130 – 5355
	7500 – 7710

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	715 – 860
	4210 – 4355

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	850 – 1070
	3215 – 3430

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	5920 – 6140
	6710 – 6925


Table 8.3.3-2: Band 3 and Band 7 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	2560 to 2855 MHz

	|3*fy - 1*fx|
	5715 to 6000 MHz

	|2*fx - 2*fy|
	1430 to 1720 MHz


Table 8.3.3-3: Band 3 and Band 7 UL IMD5 products
	|3*fx - 2*fy|
	0 to 355 MHz

	|3*fy - 2*fx|
	3930 to 4290 MHz

	|3*fx + 2*fy|
	10130 to 10495 MHz

	|3*fy + 2*fx|
	10920 to 11280 MHz

	|4*fx - 1*fy|
	4270 to 4640 MHz

	|4*fy - 1*fx|
	8215 to 8570 MHz

	|4*fx + 1*fy|
	9340 to 9710 MHz

	|4*fy + 1*fx|
	11710 to 12065 MHz


Table 8.3.3-4: Protected bands / spectrum affected by IMD2/IMD3 from CA with B3 + B7

	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  42
B7 protected DL bands: 22  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 20  26  27  28  44

B7 protected DL bands: 20  27  28  29

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 8  18  19  26  27  42

B7 protected DL bands: 8  27  42


The inter-band CA combination CA_3A-7A does not have 2nd, 3rd or 5th order intermodulation problems into its own DL as shown in Table 8.3.3-1 and Table8.3.3-3. IMD4 can cause intermodulation distortion to the own band 7 DL, Table 8.3.3-2.
 Table 8.3.3-4 lists B3 and B7 protected bands for UE co-existence which are affected by harmonics or IMDs from B3 + B7 CA.
When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 8.3.3-5 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 8.3.3-5: 2UL B3+ B7 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD4

	Galileo
	1559
	-
	1591
	Yes
	
	IMD4

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD4

	GPS
	1563
	-
	1587
	Yes
	
	IMD4

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	-
	Asia
	-

	ISM band
 (5GHz)
	5150
	-
	5925
	-
	US
	-

	
	5150
	-
	5350
	Yes
	Europe
	3rd order harmonic B3

	
	5470
	-
	5725
	Yes
	
	IMD4

	
	5150
	-
	5825
	-
	Asia
	-


RAN4 agreed on the following in order to deal with possible harmonic and IMD problems for 2ULs:

· For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation [11].
· For harmonics and IMD problems in ISM bands, RAN4 should not consider an additional insertion loss for filtering solutions compared to 1UL inter-band CA [12].

· From RAN4#69 forward approve proposals that reuse single uplink inter-band CA (TIB and (RIB values for those dual uplink inter-band CA band combinations that don't have 2nd/3rd/5th order intermodulation problem with own DL [13].
· RAN4 shall consider 4th and 5th order intermodulation if falling into the own receiving band, R4-140575, R4-141259 and R4-69AH-0030.
8.3.4
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one or two E-UTRA bands the ΔTIB,c is defined for applicable bands in Table 8.3.4-1.
Table 8.3.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]
	ΔTIB,c Inter-band with two active UL serving cells [dB]

	CA_3A-7A
	3
	0.5
	0.5

	
	7
	0.5
	0.5

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 6.2.5A-3, truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 6.2.5A-3 that applies for that operating band among the supported CA configurations


For the UE which supports inter-band carrier aggregation configuration in Table 8.3.4-2 with uplink in one or two E-UTRA bands, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 8.3.4-2 for the applicable E-UTRA bands.
 Table 8.3.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]
	ΔRIB,c Inter-band with two active UL serving cells [dB]

	CA_3A-7A
	3
	0
	0

	
	7
	0
	0

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in intra-band and non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 7.3.1-1A, truncated to one decimal place that would apply for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 7.3.1-1A that would apply for that operating band among the supported CA configurations


8.4
LTE-Advanced Carrier Aggregation of Band 4 and Band 7
<Text will be added.>
8.4.1
Inter-region OOBE requirements for Carrier Aggregation of Band 4 and Band 7  

<Text will be added.>
8.5
LTE-Advanced Carrier Aggregation of Band 5 and Band 12
<Text will be added.>
8.6
LTE-Advanced Carrier Aggregation of Band 5 and Band 17
<Text will be added.>
8.7 LTE-Advanced Carrier Aggregation of Band 39 and Band 41

8.7.1
Operating bands for CA
Table 8.7.1-1: 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_39-41
	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	


8.7.2
Channel bandwidths per operating band for CA

Table 8.7.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_39A-41A
	39
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	41
	
	
	
	
	
	Yes
	
	


8.7.3
Harmonics and IMD study

Table 8.7.3-1 lists B39+B41 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE own band analysis and the UE-to-UE coexistence analysis. Table 8.7.3-2 and Table 8.7.3-3 list the 4th order and 5th order IMD for the UE own band analysis. 
Table 8.7.3-1: Band 39 and Band 41 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1880
	1920
	2496
	2690

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	3760 – 3840
	4992 – 5380

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	5640 – 5760
	7488 – 8070

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	576-810
	4376 – 4610

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	1070 – 1344
	3072 – 3500

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	6256 – 6530
	6872 – 7300


Table 8.7.3-2: Band 39 and Band 41 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	2950 to 3264 MHz

	|3*fy - 1*fx|
	5568 to 6190 MHz

	|2*fx - 2*fy|
	1152 to 1620 MHz


Table 8.7.3-3: Band 39 and Band 41 UL IMD5 products
	|3*fx - 2*fy|
	260 to 768 MHz

	|3*fy - 2*fx|
	3648 to 4310 MHz

	|3*fx + 2*fy|
	10632 to 11140 MHz

	|3*fy + 2*fx|
	11248 to 11910 MHz

	|4*fx - 1*fy|
	4830 to 5184 MHz

	|4*fy - 1*fx|
	8064 to 8880 MHz

	|4*fx + 1*fy|
	10016 to 10370 MHz

	|4*fy + 1*fx|
	11864 to 12680 MHz


Table 8.7.3-4: Protected bands / spectrum affected by IMD2/IMD3 from CA with B39 + B41

	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B39 protected DL bands: none

B41 protected DL bands: none

	Protected bands / spectrum affected by IMD2
	B39 protected DL bands: 44

B41 protected DL bands: 12, 13, 14, 17, 28, 29, 44

	Protected bands / spectrum affected by IMD3
	B39 protected DL bands: 22, 42

B41 protected DL bands: 42


The inter-band CA combination CA_39A-41A does not have intermodulation problems into its own DL since B39 and B41 are both TDD bands. 
Table 8.7.3-4 lists B39 and B41 protected bands for UE co-existence which are affected by IMDs from B39 + B41 CA.
When 2ULs inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 8.7.3-5 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 8.7.3-5: 2UL B39+ B41 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD4

	Galileo
	1559
	-
	1591
	Yes
	
	IMD4

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD4

	GPS
	1563
	-
	1587
	Yes
	
	IMD4

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	No
	Asia
	-

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H2, H3, IMD4 IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H2, IMD5

	
	5470
	-
	5725
	Yes
	
	H3, IMD4

	
	5150
	-
	5825
	Yes
	Asia
	H2, H3, IMD4 IMD5


8.7.4
∆TIB and ∆RIB values
As stated in TS 36.851, the focus of current TDD inter-band CA is not supporting simultaneous Tx/Rx. Comparing to the 1UL/2DL architecture an additional diplexer may be used for the Tx chain, while the Rx chain could be reused. It is therefore proposed to define the following ΔTIB,c and ΔRIB,c values for CA_39A-41A with two uplinks in Table 8.7.4-1 and Table 8.7.4-2, note that different ΔTIB,c value is used for one uplink and two uplinks: 

Table 8.7.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_39A-41A
	39
	04

	
	41
	04

	CA_39A-41A
	39
	0.55

	
	41
	0.55

	NOTE 4:
Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.

NOTE 5:
Applicable for UE supporting inter-band carrier aggregation with two uplinks and without simultaneous Rx/Tx.


Table 8.7.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_39A-41A
	39
	0.2

	
	41
	0.2


9

Class A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM) 

9.1
Specific issue for dual uplink inter-band CA class A4
9.1.1
Dual unlink inter-band CA class A4 operating bands

E-UTRA dual uplink inter-band carrier aggregation class A4 is designed to operate in the operating bands defined in table 9.1.1-1.

Table 9.1.1-1: Dual Uplink Inter-band CA class A4 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
	

	CA_2-4
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	

	CA_7-20
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	CA_3-26
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	

	CA_3-19
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	

	CA_5-7
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	

	CA_1-3
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	

	CA_3-8
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	


9.1.2
IMD analysis for CA class A4 band combinations
When UE with interband CA capability transmits on both uplink bands simultaneously, intermodulation components and harmonics of the wanted signal are generated. In some cases these unwanted components may interfere own reception on either of own E-UTRA downlinks, ISM and/or GNSS frequencies. Also interband CA band combinations currently specified in releases 10-11 for single uplink operation were analysed, even if simultaneous transmission of both uplinks have not been planned on those yet.

The ranges of intermodulation components were calculated for intermodulation components up to fifth order and conflicts with own downlinks, ISM and GNSS frequencies were reported. The frequency bands reserved for ISM and GNSS operation are presented in table 5.2.1-2.

In this analysis the protection of the entire GNSS bands is considered. However, in reality the actual wanted signals are narrower than that. Therefore if it is decided that GNSS bands need to be protected, practical signal bandwidths and center frequencies should be used instead covering the entire bands.

It should always be noted that the regions where each band is deployed has not been taken into account in this analysis.
The following table can be updated according to the deployment of individual band.

Table 9.1-1: Results of the IMD study showing the components falling on own Rx, ISM and GNSS frequencies. Band configurations belonging to interband class A4 are bolded.

	
	Own Rx
	Beidou
	Galileo
	GLONASS
	GPS
	ISM 2.4GHz
	ISM 5 GHz

	CA_1A-5A
	IMD4
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_1A-7A
	
	
	
	
	
	
	3rd harm., IMD4, IMD5

	CA_1A_8A
	IMD4
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_1A-11A
	
	
	
	
	
	IMD3, 

IMD4
	3rd harm., IMD3

	CA_1A-18A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_1A-19A
	IMD4
	
	
	
	
	
	3rd harm., IMD4,IMD5

	CA_1A-21A
	
	
	
	
	
	IMD3, 

IMD4
	3rd harm., IMD3

	CA_1A-26A
	IMD4
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_2A-4A
	IMD3, IMD5
	IMD3, IMD5
	IMD3, IMD5
	IMD3
	IMD3, IMD5
	
	3rd harm., IMD3, IMD5

	CA_2A-5A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_2A-12A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_2A-13A
	
	2nd harm.
	2nd harm.
	
	2nd harm.
	
	3rd harm., IMD4

	CA_2A-17A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_3A-5A
	IMD2, IMD4, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_3A-7A
	IMD4
	IMD4
	IMD4
	IMD4
	IMD4
	
	3rd harm., IMD3

	CA_3A-8A
	IMD4, IMD5, 2nd harm.
	IMD4
	IMD4
	IMD4
	
	
	3rd harm., IMD4,IMD5

	CA_3A-19A
	IMD2, IMD4, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_3A-20A
	IMD4
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_3A-26A
	IMD2, IMD4, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_3A-28A
	
	
	
	
	
	IMD2
	3rd harm., IMD4,IMD5

	CA_4A-5A
	IMD2, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_4A-7A
	IMD4
	IMD4
	IMD4
	IMD4
	IMD4
	
	3rd harm., IMD3,IMD4

	CA_4A-12A
	3rd harm., IMD4
	
	
	
	
	IMD2
	3rd harm., IMD4,IMD5

	CA_4A-13A
	
	2nd harm.
	2nd harm.
	
	2nd harm.
	
	3rd harm., IMD4,IMD5

	CA_4A-17A
	3rd harm.
	
	
	
	
	IMD2
	3rd harm., IMD5

	CA_5A-7A
	IMD3, IMD5
	
	
	
	
	3rd harm., IMD5
	IMD3, IMD5

	CA_5A-12A
	
	IMD2
	IMD2
	
	IMD2
	3rd harm., IMD3
	

	CA_5A-17A
	
	IMD2
	IMD2
	
	IMD2
	3rd harm., IMD3
	

	CA_5A-25A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_7A-20A
	IMD3, IMD5
	
	
	
	
	IMD5
	IMD3, IMD4,IMD5

	CA_7A-28A
	
	
	
	
	
	
	IMD3, IMD5

	CA_8A-11A
	
	
	
	
	
	IMD5
	IMD4,IMD5

	CA_8A-20A
	IMD3, IMD5
	IMD4
	IMD4
	IMD4
	IMD4
	IMD5
	

	CA_8A-26A
	IMD3, IMD5
	IMD4
	IMD4
	IMD4
	IMD4
	3rd harm., IMD5
	

	CA_11A-18A
	
	
	
	
	
	3rd harm.
	IMD4,IMD5

	CA_12A-25A
	
	IMD5
	IMD5
	IMD5
	IMD5
	IMD4
	3rd harm., IMD4,IMD5

	CA_19A-21A
	
	
	
	
	
	
	IMD4,IMD5

	CA_39A-41A
	
	IMD4
	IMD4
	IMD4
	IMD4
	
	2nd harm., 

3rd harm., IMD4, IMD5


9.2
LTE-Advanced Carrier Aggregation of Band 3 and Band 5
Table 9.2-1: E-UTRA interband CA band for CA_3-5

	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
	–
	894 MHz
	


9.2.1

List of specific combination issues

9.2.1.1
Channel bandwidths per operating band for CA_3A-5A
Table 9.2.1.1-1: Channel bandwidths per operating band for CA_3A-5A
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	


9.2.1.2
Co-existence studies for CA_3A-5A with 2ULs
2nd and 3rd order intermodulation frequencies are considered when studying UE-to-UE co-existence. In other cases, such as Rx desensitization and GNSS/ISM co-existence, also higher order IMD may be considered.

A harmonics and IMD co-existence table for dual uplink inter-band CA within band combination (3+5) is provided in Table 9.2.1.2-1.
Table 9.2.1.2-1: Band 3 and band 5 UL IMD products and harmonics

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	1710
	1785

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

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

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3*fy_low
	3*fy_high

	3rd harmonics frequency limits (MHz)
	2472 - 2547
	5130 - 5355

	2nd order IMD products
	|fy_low - fx_high|
	|fy_high - fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	861 - 961
	2534 - 2634

	Two-tone 3rd order IMD products
	|2*fx_low - fy_high|
	|2*fx_high - fy_low|
	|2*fy_low - fx_high|
	2*fy_high - fx_low

	IMD frequency limits (MHz)
	12 - 137
	2571 - 2746

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	2*fy_high + fx_high

	IMD frequency limits (MHz)
	3358 - 3483
	4244 - 4419


Frequency limits for 5th order IMD is provided in table 9.2.1.2-2.

Table 9.2.1.2-2: Band 3 and band 5 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	3432 - 3707

	 |2*fx + 3*fy|
	6778 - 7053

	 |2*fy - 3*fx|
	873 - 1098

	 |2*fy + 3*fx|
	5892 - 6117

	 |fx - 4*fy|
	5991 - 6316

	 |fx + 4*fy|
	7664 - 7989

	 |fy – 4*fx|
	1511 - 1686

	 |fy + 4*fx|
	5006 - 5181


Based on Table 9.2.1.2-1 2nd order IMD may fall into own Rx of band 5. In addition to this 5th order IMD may fall into band 5 Rx also, which is seen in Table 9.2.1.2-2 and may have to be considered in Rx desensitization studies. 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 5, 6, 7, 8, 18, 19, 22, 26, 27, 38, 41 and 42.

In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.2.1.2-3.

Table 9.2.1.2-3: Frequency bands reserved for GNSS and ISM operation.
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	Yes
	
	IMD5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	H3

	
	2400
	-
	2494
	Yes
	Asia
	H3

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H3, IMD5

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD5


9.2.2
Inter-region OOBE requirements for Carrier Aggregation of Band 3 and Band 5  

<Text will be added.>
9.3
LTE-Advanced Carrier Aggregation of Band 7 and Band 20
Table 9.3-1: E-UTRA interband CA band for CA_7-20

	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_7-20
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


9.3.1

List of specific combination issues

9.3.1.1
Channel bandwidths per operating band for CA_7A-20A
Table 9.3.1.1-1: Supported E-UTRA bandwidths for CA_7A-20A
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	


9.3.1.2
Co-existence studies for CA_7A-20A with 2ULs
2nd and 3rd order intermodulation frequencies are considered when studying UE-to-UE co-existence. In other cases, such as Rx desensitization and GNSS/ISM co-existence, also higher order IMD may be considered.

A harmonics and IMD co-existence table for dual uplink inter-band CA within band combination (7+20) is provided in Table 9.3.1.2-1.
Table 9.3.1.2-1: Band 7 and band 20 UL IMD products and harmonics

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	2500
	2570

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

	2nd harmonics frequency limits (MHz)
	1664 - 1724
	5000 - 5140

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3*fy_low
	3*fy_high

	3rd harmonics frequency limits (MHz)
	2496 - 2586
	7500 - 7710

	2nd order IMD products
	|fy_low - fx_high|
	|fy_high - fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1638 - 1738
	3332 - 3432

	Two-tone 3rd order IMD products
	|2*fx_low - fy_high|
	|2*fx_high - fy_low|
	|2*fy_low - fx_high|
	2*fy_high - fx_low

	IMD frequency limits (MHz)
	906 - 776
	4138 - 4308

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	2*fy_high + fx_high

	IMD frequency limits (MHz)
	4164 - 4294
	5832 - 6002


Table 9.3.1.2-1a: Band 7 and Band 20 UL IMD4 products with difference of frequency components
	|3*fx - 1*fy|
	0 to 86 MHz

	|3*fy - 1*fx|
	6638 to 6878 MHz

	|2*fx - 2*fy|
	3276 to 3476 MHz


Frequency limits for 5th order IMD is provided in Table 9.3.1.2-2.
Table 9.3.1.2-2: Band 7 and band 20 5th order UL IMD product frequency ranges.

	|2*fx - 3*fy|
	5776 - 6046

	|2*fx + 3*fy|
	9164 - 9434

	|2*fy - 3*fx|
	2414 - 2644

	|2*fy + 3*fx|
	7496 - 7726

	|fx - 4*fy|
	9138 - 9448

	|fx + 4*fy|
	10832 - 11142

	|fy – 4*fx|
	758 - 948

	|fy + 4*fx|
	5828 - 6018


Based on Table 9.3.1.2-1 3rd order IMD may fall into own Rx of band 20. In addition to this 5th order IMD may fall into band 7 and 20 Rx also, which is seen in Table 9.3.1.2-2 and may have to be considered in Rx desensitization studies. Fourth order IMD does not fall into the own bands. 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 5, 6, 18, 19, 26, 27, 28, 38, 41, 42 and 44.

In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.3.1.2-3.

Table 9.3.1.2-3: Frequency bands reserved for GNSS and ISM operation.
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD3, IMD5

	
	5150
	-
	5350
	No
	Europe
	

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	IMD5


9.4
LTE-Advanced Carrier Aggregation of Band 3 and Band 26
Table 9.4-1: E-UTRA interband CA band for CA_3-26

	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_3-26
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	


9.4.1

List of specific combination issues

9.4.1.1
Channel bandwidths per operating band for CA_3A-26A
Table 9.4.1.1-1: Channel bandwidths per operating band for CA_3A-26A
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_3A-26A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	

	
	3
	
	
	Yes
	Yes
	
	
	20
	1

	
	26
	
	
	Yes
	Yes
	
	
	
	


9.4.1.2
Co-existence studies for CA_3A-26A with 2ULs
2nd and 3rd order intermodulation frequencies are considered when studying UE-to-UE co-existence. In other cases, such as Rx desensitization and GNSS/ISM co-existence, also higher order IMD may be considered.

A harmonics and IMD co-existence table for dual uplink inter-band CA within band combination (3+26) is provided in Table 9.4.1.2-1.
Table 9.4.1.2-1: Band 3 and band 26 UL IMD products and harmonics

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	814
	849
	1710
	1785

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

	2nd harmonics frequency limits (MHz)
	1628 - 1698
	3420 - 3570

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3*fy_low
	3*fy_high

	3rd harmonics frequency limits (MHz)
	2442 - 2547
	5130 - 5355

	2nd order IMD products
	|fy_low - fx_high|
	|fy_high - fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	861 - 971
	2524 - 2634

	Two-tone 3rd order IMD products
	|2*fx_low - fy_high|
	|2*fx_high - fy_low|
	|2*fy_low - fx_high|
	2*fy_high - fx_low

	IMD frequency limits (MHz)
	157 - 12
	2571 - 2756

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	2*fy_high + fx_high

	IMD frequency limits (MHz)
	3338 - 3483
	4234 - 4419


Frequency limits for 5th order IMD is provided in Table 9.4.1.2-2.

Table 9.4.1.2-2: Band 3 and band 26 5th order UL IMD product frequency ranges.
	|2*fx - 3*fy|
	3338 - 3483

	|2*fx + 3*fy|
	3432 - 3727

	|2*fy - 3*fx|
	6758 - 7053

	|2*fy + 3*fx|
	873 - 1128

	|fx - 4*fy|
	5862 - 6117

	|fx + 4*fy|
	5991 - 6326

	|fy – 4*fx|
	7654 - 7989

	|fy + 4*fx|
	1471 - 1686


Based on Table 9.4.1.2-2 2nd order IMD may fall into own Rx of band 26. In addition to this 5th order IMD may fall into band 26 Rx also, which is seen in Table 9.4.1.2-2 and may have to be considered in Rx desensitization studies. 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 5, 6, 7, 8, 18, 19, 22, 26, 27, 38, 41 and 42.

In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.4.1.2-3.

Table 9.4.1.2-3: Frequency bands reserved for GNSS and ISM operation.
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	Yes
	
	IMD5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	H3

	
	2400
	-
	2494
	Yes
	Asia
	H3

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H3, IMD5

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD5


9.5
LTE-Advanced Carrier Aggregation of Band 3 and Band 19

Table 9.5-1: E-UTRA interband CA band for CA_3-19
	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_3-19
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	


9.5.1

List of specific combination issues

9.5.1.1
Channel bandwidths per operating band for CA_3A-19A

Table 9.5.1.1-1: Channel bandwidths per operating band for CA_3A-19A

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

[MHz] 
	Bandwidth combination set 

	CA_3A-19A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	


9.5.1.2
Co-existence studies for CA_3A-19A with 2ULs
Harmonic and intermodulation frequency ranges up to 3rd order are presented in Table 9.5.1.2-1.

Table 9.5.1.2-1: CA_3A-19A UL harmonics and IMD products

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	830
	845
	1710
	1785

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

	2nd harmonics frequency limits (MHz)
	1660 - 1690
	3420 - 3570

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3*fy_low
	3*fy_high

	3rd harmonics frequency limits (MHz)
	2490 - 2535
	5130 - 5355

	2nd order IMD products
	|fy_low - fx_high|
	|fy_high - fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	865 - 955
	2540 - 2630

	Two-tone 3rd order IMD products
	|2*fx_low - fy_high|
	|2*fx_high - fy_low|
	|2*fy_low - fx_high|
	|2*fy_high - fx_low|

	IMD frequency limits (MHz)
	20 - 125
	2575 - 2740

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	3370 - 3475
	4250 - 4415


Frequency limits for 5th order IMD are presented in Table 9.5.1.2-2.
Table 9.5.1.2-2: CA_3A-19A 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	3440 - 3695

	 |2*fx + 3*fy|
	6790 - 7045

	 |2*fy - 3*fx|
	885 - 1080

	 |2*fy + 3*fx|
	5910 - 6105

	 |fx - 4*fy|
	5995 - 6310

	 |fx + 4*fy|
	7670 - 7985

	 |fy – 4*fx|
	1535 - 1670

	 |fy + 4*fx|
	5030 - 5165


Based on Table 9.5-1 and Table 9.5.1.2-1 IMD may fall into own RX of band 19. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 6, 18 and 41.
Based on Table 9.5-1 and Table 9.5.1.2-2 5th order IMD and harmonics may fall into own RX of band 19.

Additionally 2nd and 3rd order IMD may fall on top of 3rd order harmonic of band 19 RX.
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.5.1.2-3.

Table 9.5.1.2-3: B3+B19 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	Yes
	
	IMD5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	Yes
	Asia
	H3

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H3, IMD5

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD5


9.6
LTE-Advanced Carrier Aggregation of Band 2 and Band 4
Table 9.6-1: E-UTRA interband CA band for CA_2-4
	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_2A-4A
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	


9.6.1

List of specific combination issues

9.6.1.1
Channel bandwidths per operating band for CA_2A-4A

Table 9.6.1.1-1: Channel bandwidths per operating band for CA_2A-4A
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA 
Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	
	
	
	
	
	
	
	
	
	

	CA_2A-4A
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	4
	 
	 
	Yes
	Yes
	Yes
	Yes
	
	

	
	2
	 
	 
	Yes
	Yes
	 
	 
	20
	1

	
	4
	 
	 
	Yes
	Yes
	 
	 
	
	


9.6.1.2
Co-existence studies for CA_2A-4A with 2ULs
Harmonic and intermodulation frequency ranges up to 3rd order are presented in Table 9.6.1.2-1.

Table 9.6.1.2-1: CA_2A-4A UL harmonics and IMD products

	UE UL Carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1755
	1850
	1910

	2nd harmonics frequency limits
	2*f1_low
	2*f1_high
	2*f2_low
	2*f2_high

	2nd harmonics frequency limits (MHz)
	3420 - 3510
	3700 - 3820

	3rd harmonics frequency limits
	3*f1_low
	3*f1_high
	3*f2_low
	3*f2_high

	3rd harmonics frequency limits (MHz)
	5130 - 5265
	5550 - 5730

	2nd order IMD products
	|f2_low - f1_high|
	|f2_high - f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	95 - 200
	3560 - 3665

	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 limits (MHz)
	1510 - 1660
	1945 - 2110

	Two-tone 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)
	5270 - 5420
	5410 - 5575


Frequency limits for 5th order IMD are presented in Table 9.6.1.2-2
Table 9.6.1.2-2: CA_2A-4A 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	2040 - 2310

	 |2*fx + 3*fy|
	8970 - 9240

	 |2*fy - 3*fx|
	1310 - 1565

	 |2*fy + 3*fx|
	8830 - 9085

	 |fx - 4*fy|
	5645 - 5930

	 |fx + 4*fy|
	9110 - 9395

	 |fy – 4*fx|
	4930 - 5170

	 |fy + 4*fx|
	8690 - 8930


Based on Table 9.6-1 and Table 9.6.1.2-1 IMD3 may fall into own RX of band 2. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 22, 24, 25, 36, 42 and 43.

Based on Table 9.6-1 and Table 9.6.1.2-2 5th order IMD and harmonics may also fall into RX frequencies of bands 4, 10, 23 and 24.

Additionally 5th order IMD may fall on top of 3rd order harmonic of band 2 RX.
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.6.1.2-3.

Table 9.6.1.2-3: B2+B4 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD3, IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD3, IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD3

	GPS
	1563
	-
	1587
	Yes
	
	IMD3, IMD5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	No
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H3, IMD3, IMD5

	
	5470
	-
	5725
	Yes
	
	H3, IMD3, IMD5

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD3, IMD5


9.7
LTE-Advanced Carrier Aggregation of Band 5 and Band 7

Table 9.7-1: E-UTRA interband CA band for CA_5-7
	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_5-7
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620MHz
	–
	2690 MHz
	


9.7.1

List of specific combination issues

9.7.1.1
Channel bandwidths per operating band for CA

Table 9.7.1.1-1: Supported E-UTRA bandwidths per CA configuration for CA_5-7
	CA operating / channel bandwidth

	aE-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_5A-7A
	5
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	


9.7.1.2
Co-existence studies for CA_5A-7A with 2ULs
Harmonic and intermodulation frequency ranges up to 3rd order are presented in Table 9.7.1.2-1
Table 9.7.1.2-1: CA_5A-7A UL harmonics and IMD products 

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	2500
	2570

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

	2nd harmonics frequency limits (MHz)
	1648 - 1698
	5000 - 5140

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3*fy_low
	3*fy_high

	3rd harmonics frequency limits (MHz)
	2472 - 2547
	7500 - 7710

	2nd order IMD products
	|fy_low - fx_high|
	|fy_high - fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1651 - 1746
	3324 - 3419

	Two-tone 3rd order IMD products
	|2*fx_low - fy_high|
	|2*fx_high - fy_low|
	|2*fy_low - fx_high|
	2*fy_high - fx_low

	IMD frequency limits (MHz)
	802 - 922
	4151 - 4316

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	2*fy_high + fx_high

	IMD frequency limits (MHz)
	4148 - 4268
	5824 - 5989


Frequency limits for 5th order IMD are presented in Table 9.7.1.2-2
Table 9.7.1.2-2: CA_5A-7A 5th order UL IMD product frequency ranges

	 |2*fx - 3*fy|
	5802 – 6062 MHz

	 |2*fx + 3*fy|
	9148 – 9408 MHz

	 |2*fy - 3*fx|
	2453 – 2668 MHz

	 |2*fy + 3*fx|
	7472 – 7687 MHz

	 |fx - 4*fy|
	9151 – 9456 MHz

	 |fx + 4*fy|
	10824 – 11129 MHz

	 |fy – 4*fx|
	726 – 896 MHz

	 |fy + 4*fx|
	5796 – 5966 MHz


Based on table 9.7-1 and table 9.7.1.2-1, IMD3 may fall into own RX of band 5. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 6, 18, 19, 26, 27, 28, 41, 42 and 44.

Based on table 9.7-1 and table 9.7.1.2-2, 5th order IMD and harmonics may also fall into own RX of bands 5 and 7 and additionally on Rx frequencies of bands 6, 12, 13, 14, 17, 18, 19, 38, 41 and 44.

In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.7.1.2-3.
Table 9.7.1.2-3: B5+B7 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	

	Galileo
	1559
	-
	1591
	Yes
	
	

	GLONASS
	1591
	-
	1610
	Yes
	
	

	GPS
	1563
	-
	1587
	Yes
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	H3, IMD5

	
	2400
	-
	2494
	No
	Asia
	H3, IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	

	
	5470
	-
	5725
	Yes
	
	

	
	5150
	-
	5825
	Yes
	Asia
	IMD3, IMD5


9.8
LTE-Advanced Carrier Aggregation of Band 3 and Band 8
Table 9.8-1: 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_3-8
	3
	1710 MHz
	–
	1785 MHz
	10, 15, 20 
	1805 MHz
	–
	1880 MHz
	10, 15, 20
	FDD

	
	8
	880 MHz
	–
	915 MHz
	5, 10
	925 MHz
	–
	960 MHz
	5, 10
	FDD


9.8.1

List of specific combination issues

9.8.1.1
Channel bandwidths per operating band for CA

Table 9.8.1.1-1: 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
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [22] when operating in single carrier mode.

9.8.1.2
Co-existence studies for CA_3A-8A with 2ULs
A harmonics and IMD coexistence analysis table for inter-band CA with 2UL of Band 3 and Band 8 is given in table 9.8.1.1-2. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.
The IM4 and IM5 frequency ranges are shown below with highlighting on the ranges which overlap the downlink band.
Table 9.8.1.1-2: Band 3 and Band 8 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	880
	915

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

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

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

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

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	795 to 905
	2590 to 2700

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2505 to 2690
	25 to 120

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4300 to 4485
	3470 to 3615

	Two-tone 4th order IMD products
	|3*fx_low - fy_high|
	|3*fx_high - fy_low|
	|3*fy_low - fx_high|
	|3*fy_high - fx_low|

	IMD frequency limits (MHz)
	855 to 1035
	4215 to 4475

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	4350 to 4530
	6010 to 6270

	Two-tone 4th order IMD products
	|2*fx_low - 2*fy_high|
	|2*fx_high - 2*fy_low|
	|2*fy_low - 2*fx_high|
	|2*fy_high - 2*fx_low|

	IMD frequency limits (MHz)
	1590 to 1810
	1590 to 1810

	Two-tone 4th order IMD products
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|
	|2*fy_low + 2*fx_low|
	|2*fy_high + 2*fx_high|

	IMD frequency limits (MHz)
	5180 to 6315
	5180 to 5400

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	1735 to 1950
	5925 to 6260

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	5230 to 5445
	7720 to 8055

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	675 to 930
	3300 to 3595

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	6060 to 6315
	6890 to 7185


Based on table 9.8.1.1-2, 2nd  harmonic and 4th  and 5th order IMD may fall into own RX of band 3. Additionally 4th and 5th order IMD may fall on own RX of band 8. Other affected bands of up to 5th order IMD are 7, 18, 19, 20, 22, 26, 27, 28, 33, 38, 39, 41, 42, 43 and 44.

In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.8.1.1-3.

Table 9.8.1.1-3: B1+B3 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD5

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	No
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD4, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H3, IMD4, IMD5

	
	5470
	-
	5725
	No
	
	

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD4, IMD5


It can be seen that when IM4 and IM5 products are considered, there is potential for overlap with the receive band of both Band 3 and Band 8.  Therefore, this combination has attributes of both class A2 (harmonics) and A4 (intermods).  However, it was found that the impact of 2nd harmonic interference is limited and in fact, the specifications for this band combination in 1UL/2DL configuration do not provide any relaxation for the insertion loss needed if the harmonic were to be filtered and do not have a reference sensitivity requirement in the case that there is overlap due to the rarity of occurrence.  We propose in defining this CA configuration to include both aspects of harmonic interference (A2) and intermodulation inteference (A4).  It is expected that the harmonic interference aspects will be treated as they were for 1UL; that is, the reference sensitivity specifications will only be defined for frequencies where there is no harmonic overlap.  The intermodulation interference aspects will be treated with MSD as agreed for A4 combinations.

9.8.1.2.1
Impacted frequency ranges
Upon closer inspection, it is observed that not all of the channels within Band 3 and Band 8 generate IM4 and IM5 self-interference.  The analysis above is general, based only on the band definition.  In many cases, while the 2UL channel pairing is indeed within Band 3 and Band 8, the IM5 product does not fall on the downlink.

1. The downlink frequency allocation owned by the operator is within the band, but is outside if the range where IM products land,

2. The uplink frequency allocation owned by the operator is within the band, but is outside of the range where IM products generated land within the receive band,

3. The IM products might land within the downlink band or even within the frequency allocation owned by the operator, but the IM products do not land in receive channels when taking into account the Tx-Rx spacing of the band and the symmetric uplink and downlink channel bandwidth,

4. The IM products might land within the downlink band, downlink frequency allocation, and downlink channel, but only for specific uplink channel pairings.  Since IM products depend on the location of both uplink channels, the operator may not have the specific pairing in both bands to cause a problem.

Thus, while the general approach based on band definition to determine IM frequency range identifies potential impact, whether there is actual impact depends on a number of other parameters and can be avoided in many cases.  For the purpose of classifying band combinations and defining specifications for standardization, we believe that the general approach is most suitable since the specifications are not defined for any particular operator holdings and deployment.  However, it is noted that operator-specific holdings and deployments may not suffer from IM self-interference, even if the CA configuration it falls under is classified as A4.

9.8.1.2.1
Example
Consider an operator who owns spectrum in Band 3 and Band 8 and desires to deploy 2UL/2DL CA.  The operator spectrum allocation in this example is 1735 - 1755 / 1830 - 1850 MHz in Band 3 and 905 - 915 / 950 - 960 MHz in Band 8.  The harmonic and intermod analysis for this example is shown below

[image: image72.emf]Fx_low fx_high fy_low fy_high

1735 1755 905 915

2nd harmonic 3470 3510 1810 1830

3rd harmonic 5205 5265 2715 2745

IM2 820 850 2640 2670

IM3 2555 2605 55 95

IM3 4375 4425 3545 3585

IM4 960 1010 4290 4360

IM4 4450 4500 6110 6180

IM4 1640 1700 1640 1700

IM4 5280 6255 5280 5340

IM5 1865 1925 6025 6115

IM5 5355 5415 7845 7935

IM5 725 795 3375 3455

IM5 6185 6255 7015 7095

Band 3 Band 8


It can be seen that there is no IM4 interference and no IM5 interference to Band 8 since the operator allocation in the downlink is outside of the range where IM products land (the 960 MHz edge of Band 8 downlink is on the border if it is found that IM4 is problematic).  For Band 3 downlink, the intermodulation products formed when considering the uplink allocation of the operator in this example do land in-band in the range 1865 - 1880 MHz.  However, because of the Tx-Rx separation in Band 3, the receive channel in the downlink of Band 8 is 1830 - 1850 MHz.  Therefore, the IM5 interference does not land in the receive channel.

It is therefore shown that although the 2UL CA_3-8 combination is classified as A4 due to the potential for IM4 and IM5 self-interference, in this particular example, the interference is not present.  It is therefore expected that in this example, the receive performance will not be subjected to the maximum sensitivity degradation due to IM interference.
9.9
LTE-Advanced Carrier Aggregation of Band 1 and Band 3
Table 9.9-1: E-UTRA interband CA band for CA_1-3
	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_1-3
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	


9.9.1

List of specific combination issues

9.9.1.1
Channel bandwidths per operating band for CA

Table 9.9.1.1-1: Supported E-UTRA bandwidths per CA configuration for CA_1-3
	CA operating / channel bandwidth

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

[MHz]
	Bandwidth combination set

	CA_1A-3A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	1
	
	
	Yes
	Yes
	
	
	30
	1

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	


9.9.1.2
Co-existence studies for CA_1A-3A with 2ULs
Harmonic and intermodulation frequency ranges up to 3rd order are presented in Table 9.9.1.2-1
Table 9.9.1.2-1: CA_1A-3A UL harmonics and IMD products 

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	1920
	1980

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

	2nd harmonics frequency limits (MHz)
	3420 - 3570
	3840 - 3960

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3*fy_low
	3*fy_high

	3rd harmonics frequency limits (MHz)
	5130 - 5355
	5760 - 5940

	2nd order IMD products
	|fy_low - fx_high|
	|fy_high - fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	135 - 270
	3630 - 3765

	Two-tone 3rd order IMD products
	|2*fx_low - fy_high|
	|2*fx_high - fy_low|
	|2*fy_low - fx_high|
	2*fy_high - fx_low

	IMD frequency limits (MHz)
	1440 - 1650
	2055 - 2250

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	2*fy_high + fx_high

	IMD frequency limits (MHz)
	5340 - 5550
	5550 - 5745

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	3150 - 3435
	3975 - 4230

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	270 - 540

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	5895 - 6210
	4860 - 5220

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	2190 - 2520
	1170 - 1515


Based on table 9.9.1.2-1 IMD3 may fall into own RX of band 3. Other affected bands of up to 5th order IMD and 3rd order harmonics are 10, 11, 21, 22, 40, 41, 42 and 43.

In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 9.9.1.2-3.
Table 9.9.1.2-3: B1+B3 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD3

	Galileo
	1559
	-
	1591
	Yes
	
	IMD3

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD3

	GPS
	1563
	-
	1587
	Yes
	
	IMD3

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3, IMD3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	H3, IMD3, IMD5

	
	5470
	-
	5725
	Yes
	
	IMD3

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD3, IMD5


10

Class A5. Combinations not classified in A1-A4
10.1
Specific issue for dual uplink inter-band CA class A5
10.1.1 Dual uplink inter-band CA class A5 operating bands

E-UTRA dual uplink inter-band carrier aggregation class A5 is designed to operate in the operating bands defined in table 10.1.1-1

Table 10.1.1-1: Dual Uplink Inter-band CA class A5 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_1-21
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	

	CA_19-21
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	


10.2
LTE-Advanced Carrier Aggregation of Band 1 and Band 21
10.2.1 List of specific combination issues

10.2.1.1 Channel bandwidths per operating band for CA

Table 10.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	B1+B21
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	


10.2.1.2 UL Harmonics and Intermodulation

A general harmonics and IMD coexistence analysis table for inter-band CA with 2UL is given in table 10.2.1.2-1. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.

Table 10.2.1.2-1: Band 1 and Band 21 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	1447.9
	1462.9

	2nd harmonics frequency limits
	2*f1_low
	2*f1_high
	2* f2_low
	2* f2_high

	2nd harmonics frequency limits (MHz) 
	3840 to 3960
	2895.8 to 2925.8

	3rd harmonics frequency limits
	3*f1_low
	3*f1_high
	3* f2_low
	3* f2_high

	3rd harmonics frequency limits (MHz)
	5760 to 5940
	4343.7 to 4388.7

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	457.1 to 532.1
	3367.9 to 3442.9

	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 limits (MHz)
	2377.1 to 2512.1
	915.8 to 1005.8

	Two-tone 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)
	5287.9 to 5422.9
	4815.8 to 4905.8


Frequency limits for 5th order IMD are presented in table 10.2.1.2-2
Table 10.2.1.2-2: Band 1 and Band 21 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	383.7 – 548

	 |2*fx + 3*fy|
	8183.7 – 8348.7

	 |2*fy - 3*fx|
	2834.2 – 3044.2

	 |2*fy + 3*fx|
	8655.8 – 8865.8

	 |fx - 4*fy|
	3811.6 – 3931.6

	 |fx + 4*fy|
	7711.6 – 7831.6

	 |fy – 4*fx|
	6217.1 – 6472.1

	 |fy + 4*fx|
	9127.9 – 9382.9


Based on table 10.2.1.2-1 and table 10.2.1.2-2 IMD will not fall into own RX band. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 8, 31, 40, 41 and 42
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 10.2.1.2-3.

Table 10.2.1.2-3: B1+B21 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	no
	
	

	Galileo
	1559
	-
	1591
	no
	
	

	GLONASS
	1591
	-
	1610
	no
	
	

	GPS
	1563
	-
	1587
	no
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	yes
	US/Europe
	IMD3

	
	2400
	-
	2494
	yes
	Asia
	IMD3

	ISM band
 (5GHz)
	5150
	-
	5925
	yes
	US
	B1 H3, IMD3

	
	5150
	-
	5350
	yes
	Europe
	IMD3

	
	5470
	-
	5725
	no
	
	

	
	5150
	-
	5825
	yes
	Asia
	B1 H3, IMD3


10.2.1.3
∆TIB and ∆RIB values

For inter-band CA_1-21, since there is no 2nd/3rd/5th order intermodulation problem with own DL, ∆TIB,c and ∆RIB,c for 1UL is reused for 2UL.

For two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 10.2.1.3-1 and in table 10.2.1.3-2:
Table 10.2.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1-21
	1
	0.3

	
	21
	0.3


Table 10.2.1.3-2: ΔRIB,c 

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

	CA_1-21
	1
	0

	
	21
	0


10.3 LTE-Advanced Carrier Aggregation of Band 19 and Band 21

10.3.1 List of specific combination issues

10.3.1.1 Channel bandwidths per operating band for CA

Table 10.3.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Band
	E-UTRA Bands
	1.4MHz
	3MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	Bandwidth combination set

	B19+B21
	19
	
	
	Yes
	Yes
	Yes
	
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	


10.3.1.2 UL Harmonics and Intermodulation

A general harmonics and IMD coexistence analysis table for inter-band CA with 2UL is given in table 10.3.1.1.2-1. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.

Table 10.3.1.2-1: Band 19 and Band 21 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	830
	845
	1447.9
	1462.9

	2nd harmonics frequency limits
	2*f1_low
	2*f1_high
	2* f2_low
	2* f2_high

	2nd harmonics frequency limits (MHz) 
	1660 to 1690
	2895.8 to 2925.8

	3rd harmonics frequency limits
	3*f1_low
	3*f1_high
	3* f2_low
	3* f2_high

	3rd harmonics frequency limits (MHz)
	2490 to 2535
	4343.7 to 4388.7

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	602.9 to 632.9
	2277.9 to 2307.9

	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 limits (MHz)
	197.1 to 242.1
	2050.8 to 2095.8

	Two-tone 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)
	3107.9 to 3152.9
	3725.8 to 3770.8


Frequency limits for 5th order IMD are presented in table 10.3.1.2-2
Table 10.3.1.2-2: Band 19 and Band 21 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	2653.7 – 2728.7

	 |2*fx + 3*fy|
	6003.7 – 6078.7

	 |2*fy - 3*fx|
	360 – 435.8

	 |2*fy + 3*fx|
	5385.8 – 5460.8

	 |fx - 4*fy|
	4946.6 – 5021.6

	 |fx + 4*fy|
	6621.6 – 6696.6

	 |fy – 4*fx|
	1857.1 – 1932.1

	 |fy + 4*fx|
	4767.9 – 4842.9


Based on table 10.3.1.2-1 and table 10.3.1.2-2 IMD will not fall into own RX band. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 40, 41 and 43.
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 10.3.1.2-3.

Table 10.3.1.2-3: B19+B21 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	no
	
	

	Galileo
	1559
	-
	1591
	no
	
	

	GLONASS
	1591
	-
	1610
	no
	
	

	GPS
	1563
	-
	1587
	no
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	no
	US/Europe
	

	
	2400
	-
	2494
	yes
	Asia
	B19 H3

	ISM band
 (5GHz)
	5150
	-
	5925
	yes
	US
	IMD5

	
	5150
	-
	5350
	no
	Europe
	

	
	5470
	-
	5725
	no
	
	

	
	5150
	-
	5825
	yes
	Asia
	IMD5


10.3.1.3
∆TIB and ∆RIB values

For inter-band CA_19-21, since there is no 2nd/3rd/5th order intermodulation problem with own DL, ∆TIB,c and ∆RIB,c for 1UL is reused for 2UL.

For two simultaneous UL, the (TIB,c and (RIB,c values are shown in table 10.3.1.3-1 and in table 10.3.1.3-2:
Table 10.3.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_19-21
	19
	0.3

	
	21
	0.4


Table 10.3.1.3-2: ΔRIB,c 

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

	CA_19-21
	19
	0

	
	21
	0
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