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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 Inter-band Carrier Aggregation under Rel-12 time frame. The purpose is to gather the relevant background information and studies in order to address Inter-band Carrier Aggregation requirements.

The present document covers relevant background information and studies in order to address Inter-band Carrier Aggregation requirements for the Rel-12 band combinations in table 1-1.

Table 1-1: Release 12 inter-band carrier aggregation combinations

	WI code
	WI title
	Class

	LTE_CA_B1_B7
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 7
	A3

	LTE_CA_B2_B4
	LTE Advanced inter-band Carrier Aggregation of Band 2 and Band 4
	A4

	LTE_CA_B23_B29
	LTE Advanced inter-band Carrier Aggregation of Band 23 and Band 29 
	A1

	LTE_CA_B3_B26
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 26
	A1

	LTE_CA_B3_B19
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 19
	A1

	LTE_CA_B1_B8
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 8
	A1

	LTE_CA_B3_B28
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 28
	A1

	LTE_CA_B1_B26
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 26
	A1

	LTE_CA_B39_B41
	LTE Advanced inter-band Carrier Aggregation of Band 39 and Band 41
	A3

	LTE_CA_B2_B12
	LTE Advanced inter-band Carrier Aggregation of Band 2 and Band 12
	A1

	LTE_CA_B2_B13
	LTE Advanced inter-band Carrier Aggregation of Band 2 and Band 13
	A1

	LTE_CA_B19_B21
	LTE Advanced inter-band Carrier Aggregation of Band 19 and Band 21
	A5

	LTE_CA_B12_B25
	LTE Advanced inter-band Carrier Aggregation of Band 12 and Band 25
	A1

	LTE_CA_B2_B5
	LTE Advanced inter-band Carrier Aggregation of Band 2 and Band 5
	A1

	LTE_CA_B1_B18
	Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 18
	A1

	LTE_CA_B7_B28
	LTE Advanced inter-band Carrier Aggregation of Band 7 and Band 28
	A1

	LTE_CA_B5_B25
	LTE Advanced inter-band Carrier Aggregation of Band 5 and Band 25
	A1

	LTE_CA_B1_B11
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 11
	A5



	LTE_CA_B8_B11
	LTE Advanced inter-band Carrier Aggregation of Band 8 and Band 11
	A5

	LTE_CA_B5_B7
	LTE Advanced inter-band Carrier Aggregation of Band 5 and Band 7
	A1

	LTE_CA_B1_B3
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 3
	A3

	LTE_CA_B1_B28
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 28
	A2

	LTE_CA_B4_B27
	LTE Advanced inter-band Carrier Aggregation of Band 4 and Band 27
	A1

	LTE_CA_B3_B27
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 27
	A1

	LTE_CA_B8_B27
	LTE Advanced inter-band Carrier Aggregation of Band 8 and Band 27
	A3

	LTE_CA_B3_B20_BWset
	Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 20
	A1



	LTE_CA_B7_B20_BWset
	Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 7 and Band 20
	A1



	LTE_CA_B41_B42
	LTE Advanced inter-band Carrier Aggregation of Band 41 and Band 42
	A5

	LTE_CA_B5_B13
	LTE Advanced inter-band Carrier Aggregation of Band 5 and Band 13
	A3

	LTE_CA_B7_B22
	LTE Advanced inter-band Carrier Aggregation of Band 7 and Band 22
	A5

	LTE_CA_B2_B5_BWset
	Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 2 and Band 5
	A1

	LTE_CA_B4_B12_BWset
	Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 4 and Band 12
	A2


The scope of the report has been further extended [6] to cover the 2 DL fallback modes for the 3 DL Carrier Aggregation combinations with single UL configuration. These 3 DL/1UL combinations are listed in table 1-2. In addition, the report also covers the LTE TDD-FDD joint operation including Carrier Aggregation combinations [7], captured in Table 1-3.
Table 1-2: Release 12 inter-band carrier aggregation combinations (3 DL/1UL)
	WI code
	WI title

	LTE_CA_B2_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 5 and Band 30

	LTE_CA_B2_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 29 and Band 30

	LTE_CA_B1_B5_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 5 and Band 7

	LTE_CA_B2_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 30

	LTE_CA_B1_B3_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 20

	LTE_CA_B1_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 7 and Band 20

	LTE_CA_B7_B8_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 7, Band 8 and Band 20

	LTE_CA_B1_B18_B28
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 18 and Band 28

	LTE_CA_3DL_FB_BW
	Additional bandwidth combinations for LTE Advanced inter-band Carrier Aggregation to support 3DL fallback

	LTE_CA_B4_B7_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 7 and Band 12


Table 1-3: Release 12 inter-band carrier aggregation combinations (LTE TDD-FDD joint operation)

	WI code
	WI title
	Class

	LTE_CA_TDD_FDD
	LTE TDD-FDD joint operation including Carrier Aggregation (Band 1 and Band 41)
	A3

	LTE_CA_TDD_FDD
	LTE TDD-FDD joint operation including Carrier Aggregation (Band 1 and Band 42)
	A3

	LTE_CA_TDD_FDD
	LTE TDD-FDD joint operation including Carrier Aggregation (Band 3 and Band 40)
	A3

	LTE_CA_TDD_FDD
	LTE TDD-FDD joint operation including Carrier Aggregation (Band 8 and Band 40)
	A1

	LTE_CA_TDD_FDD
	LTE TDD-FDD joint operation including Carrier Aggregation (Band 3 and Band 42)
	A2

	LTE_CA_B26_B41_B41
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 26, Band 41 and Band 41
	-

	LTE_CA_B3_B38
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 38
	A3

	LTE_CA_B19_B42_B42
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 19, Band 42 and Band 42
	A1

	LTE_CA_B25_B41_B41
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 25, Band 41 and Band 41
	-


The present document contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.
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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
Allowed reference sensitivity relaxation due to support for inter-band CA operation.

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

ETC
Extreme Temperature Conditions

E-UTRA 
Evolved UMTS Terrestrial Radio Access

FDD
Frequency Division Duplex

IL
Insertion Loss

IMD
Intermodulation Distortion

PA
Power Amplifier 

REFSENS
Reference Sensitivity power level

TDD
Time Division Duplex

UE
User Equipment 

UL
Uplink
4
Background

4.0
Overview

The present document is a technical report for 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 BS and UE specific which is band combination independent. 

- 
Specific band combination part: this part covers each band combination and its specific issues independently from each other (i.e. one subclause is defined per band combination)

The specific band combination parts are independent and therefore, the working speed also differs. Annex A contains a list of all CA combinations covered in the present document as well as the status of each WI. The content of each specific combination part can be considered as finalized when the current status of the WI under Annex A is indicated as "Closed".

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
Inter-band Carrier Aggregation: general part

5.1
BS specific 

5.2
UE specific 
5.2.1
Class A1. Low-high band combination without harmonic relation between bands or intermodulation problem
<Text will be added.>

5.2.2
Class A2. Low-high band combination with harmonic relation between bands
<Text will be added.>
5.2.3
Class A3. Low-low or high-high band combination without intermodulation problem (low order IM) 
<Text will be added.>

5.2.4
Class A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM)

<Text will be added.>

5.2.5
Class A5. Combination except for A1 – A4
<Text will be added.>

5.3
RRM specific 
5.3.1
Class A1. Low-high band combination without harmonic relation between bands or intermodulation problem
<Text will be added.>
6
Inter-band Carrier Aggregation: band combination specific part

6.1
Class A1. Low-high band combination without harmonic relation between bands or intermodulation problem
6.1.1
LTE Advanced Carrier Aggregation of Band 23 and Band 29 (1 UL)

6.1.1.0
Inter-band CA operating bands

Table 6.1.1-1: 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_23-29
	23
	2 000 MHz
	–
	2 020 MHz
	5, 10, 15, 20 
	2 180 MHz
	–
	2 200 MHz
	5, 10, 15, 20
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	5, 10
	


6.1.1.1
List of specific combination issues

6.1.1.1.1
Channel bandwidths per operating band for CA

Table 6.1.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_23A-29A
	23
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	
	23
	
	
	Yes
	Yes
	
	
	20
	1

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE  should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

6.1.1.1.2
Co-existence studies for CA_23-29

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 23 and Band 29 DL carriers can be calculated as shown in table 6.1.1.1.2-1 below:

Table 6.1.1.1.2-1: Band 23 and Band 29 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	717
	728
	2 180
	2 200

	2nd order harmonics frequency range (MHz)
	1 434
	1 456
	4 360
	4 400

	3rd order harmonics frequency range (MHz)
	2 151
	2 184
	6 540
	6 600

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 452
	1 483
	2 897
	2 928

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	724
	766
	3 632
	3 683

	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)
	3 614
	3 656
	5 077
	5 128

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	697
	748
	2 169
	2 211

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	697
	748
	2 170
	2 210


It can be seen from table 6.1.1.1.2-1 that the 2nd harmonics of Band 29 carriers may fall into the BS receive band of Bands 11 and 21, while the 2nd IMD products caused by BS supporting carrier aggregation of Band 23 and Band 29 may fall into the BS receive band of Band 21, and the 3rd IMD products may fall into the BS receive band of Bands 12, 17, 28, 43 and 44. Note that the calculation in table 6.1.1.1.2-1 (except the last row) assumes the BS is transmitting with the whole 20 MHz DL frequency of Band 23 and the whole 11 MHz DL frequency of Band 29. But even if the BS is only transmitting an up to 10 MHz DL in Band 29 as stated in the WIDS, the 3rd IMD products may still fall into the BS receive band of the Bands 12, 17, 28, 43 and 44 as shown in the last row in table 6.1.1.1.2-1.

It should be noted that Bands 11, 21, 28 and 44 are not intended for use in the same geographical area as Bands 23 and 29. Therefore, the focus here will be on the harmonics and IMD falling into Bands 12, 17 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 23 and 29 BS transmitters do not share the same antenna with Band 43 BS receiver. However, the 3rd IMD products may still fall into the BS receive band of Bands 12 and 17, which is only 1 MHz away from Band 29 transmit band, and desensitize the receiver.

Therefore, it is recommended that Bands 23 and 29 BS transmitters should not share the same antenna with Band 12 or 17 BS receiver to prevent Band 12 or 17 BS receiver desensitization, or with Band 43 BS receiver unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 43 BS receiver desensitization.
6.1.1.1.3
∆TIB and ∆RIB values

For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 6.1.1.1.3-1, and in table 6.1.1.1.3-2:

Table 6.1.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_23A-29A
	23
	0,3

	
	29
	N/A


Table 6.1.1.1.3-2: ΔRIB 

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

	CA_23A-29A
	23
	0

	
	29
	0


6.1.2
LTE Advanced Carrier Aggregation of Band 3 and Band 26

6.1.2.0
Inter-band CA operating bands
Table 6.1.2-1: 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_3-26
	3
	1 710 MHz
	–
	1 785 MHz
	10, 15, 20 
	1 805 MHz
	–
	1 880 MHz
	10, 15, 20
	FDD

	
	26
	814 MHz
	–
	849 MHz
	5, 10,15
	859 MHz
	–
	894 MHz
	5, 10, 15
	


6.1.2.1
List of specific combination issues

6.1.2.1.1
Channel bandwidths per operating band for CA

Table 6.1.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination Sets

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_3A-26A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	

	
	3
	
	
	Yes
	Yes
	
	
	1

	
	26
	
	
	Yes
	Yes
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

6.1.2.1.2
Co-existence studies for CA_3-26 (1 UL/2 DL)

6.1.2.1.2.0
Impact of harmonic interference
Table 6.1.2.1.2-1 summarizes frequency ranges where harmonics occur due to Band 3 or Band 26 for both UL and DL. It can be seen that UL harmonic frequencies of Band 3 and Band 26 does not locate within the receive bands of interest in the DL.

Table 6.1.2.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	3
	1 710
	1 785
	1 805
	1 880
	3 420
	3 570
	5 130
	5 355
	3 610
	3 760
	5 415
	5 640

	26
	814
	849
	859
	894
	1 628
	1 698
	2 442
	2 547
	1 718
	1 788
	2 577
	2 682


6.1.2.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 3 and Band 26 DL carriers can be calculated as shown in table 6.1.2.1.2.1-1 below:

Table 6.1.2.1.2.1-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	859
	894
	1 805
	1 880

	2nd order harmonics frequency range (MHz)
	1 718
	1 788
	3 610
	3 760

	3rd order harmonics frequency range (MHz)
	2 577
	2 682
	5 415
	5 640

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	911
	1 021
	2 664
	2 774

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	17
	162
	2 716
	2 901

	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)
	3 523
	3 668
	4 469
	4 654

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	784
	969
	1 770
	1 915

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	839
	914
	1 790
	1 895


It can be seen from table 6.1.2.1.2.1-1 that the 2nd harmonics of BS transmitting in Bands 3 and 26 may fall into the BS receive band of Bands 3, 4, 9, 10 and 43, and the 3rd harmonics may fall into the BS receive band of Bands 38 and 41, while the 2nd IMD products may fall into the BS receive band of Bands 8 and 41, and the 3rd IMD products may fall into the BS receive band of Bands 2, 3, 5, 6, 8, 9, 13, 14, 18, 19, 20, 25, 26, 27, 33, 35, 37, 39, 42, 43 and 44. Note that the calculation in table 6.1.2.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 75 MHz DL frequency of Band 3 and the whole 35 MHz DL frequency of Band 26. If the BS is only transmitting up to 20 MHz DL in Band 3 and up to 15 MHz DL in Band 26 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 3, 9, 13, 14,18, 27, 33, 37 or 44 as shown in the last row in table 6.1.2.1.2.1-1, and may only fall into the BS receive band of certain frequency range within Bands 5 and 26 under the transmit configurations shown in table 6.1.2.1.2.1-2 below.

Table 6.1.2.1.2.1-2: Band (3 + 26) BS transmit configurations with 3rd IMD within Bands 3 and 26 BS receive band

	Band 26 DL channel bandwidth (MHz)
	Lower edge of Band 26 DL frequency block (MHz)
	Band 3 DL channel bandwidth (MHz)
	Lower edge of IMD frequency limits (MHz)

	5, 10 or 15
	859 – 863,9
	15
	844 – 848,9

	5, 10 or 15
	859 – 868,9
	20
	839 – 848,9


On the other hand, if the BS is only transmitting up to 10 MHz DL in Band 3, i.e. 15 MHz and 20 MHz are not used, then there could not be 3rd IMD products within the BS receive band of Band 5 or 26. Moreover, only the highest 10 MHz frequency spectrum in Band 8 (905 – 915 MHz for UL and 950 – 960 MHz for DL) is allocated for mobile services in South Korea, thus the 2nd IMD products may only fall into the BS receive band of Band 8 frequency spectrum used in South Korea (905 – 915 MHz) under the transmit configurations shown in table 6.1.2.1.2.1-3 below.

Table 6.1.2.1.2.1-3: Band (3 + 26) BS transmit configurations with 2nd IMD within 905 – 915 MHz

	Band 3 DL channel bandwidth (MHz)
	Band 26 DL channel bandwidth (MHz)
	Lower edge of Band 3 DL frequency block minus higher edge of Band 26 DL frequency block (MHz)
	IMD frequency limits (MHz)

	5, 10, 15 or 20 
	5, 10 or 15
	≤ 915
	911 – 915


And the 3rd IMD products may only fall into the BS receive band of Band 8 frequency spectrum used in South Korea (905 – 915 MHz) under the transmit configurations (with a 15 or 20 MHz DL in Band 3) shown in table 6.1.2.1.2.1-4 below.

Table 6.1.2.1.2.1-4: Band (3 + 26) BS transmit configurations with 3rd IMD within 905 – 915 MHz

	Band 26 DL channel bandwidth (MHz)
	Band 26 DL frequency block (MHz)
	Band 3 DL channel bandwidth (MHz)
	IMD frequency limits (MHz)

	5
	889 – 894
	15
	874 – 909

	5
	889 – 894
	20
	869 – 914

	10
	884 – 894
	15
	869 – 909

	10
	884 – 894
	20
	864 – 914

	5
	884 – 889
	20
	864 – 909

	10
	879 – 889
	20
	859 – 909


It should be noted that Bands 2, 4, 6, 9, 10, 19, 20, 25, 35, 38, 39, 41, 42 and 43 are not intended for use in the same geographical area as Bands 3 and 26. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 3, 5, 8 and 26.

As shown above, the 2nd harmonics of BS transmitting in Band 26 may fall into the BS receive band of Band 3, while the 3rd order IMD products caused by mixing of Bands 3 and 26 DL carriers may fall within Bands 5, 8 and 26 UL used in South Korea if certain BS transmit configurations are used, and hence BS receiver desensitization may be an issue

Therefore, it is recommended that Bands 3 and 26 BS transmitters should not share the same antenna with Band 5, 8 or 26 BS receiver for the affected frequency ranges if the aforementioned BS transmit configurations are used, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 5, 8 or 26 BS receiver desensitization.
6.1.2.1.3
∆TIB and ∆RIB values

For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 6.1.2.1.3-1, and in table 6.1.2.1.3-2:

Table 6.1.2.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3-26
	3
	0,3

	
	26
	0,3


Table 6.1.2.1.3-2: ΔRIB 

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

	CA_3-26
	3
	0

	
	26
	0


6.1.3
LTE Advanced Carrier Aggregation of Band 3 and Band 19 (1 UL)

6.1.3.0
Inter-band CA operating bands
Table 6.1.3-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high
	
	FDL_low – FDL_high
	
	

	CA_3-19
	3
	1 710 MHz
	–
	1 785 MHz
	5,10, 15, 20 
(see note)
	1 805 MHz
	–
	1 880 MHz
	5, 10, 15, 20
	FDD

	
	19
	830 MHz
	–
	845 MHz
	5, 10, 15 
(see note)
	875 MHz
	–
	890 MHz
	5, 10, 15
	

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


6.1.3.1
List of specific combination issues

6.1.3.1.1
Channel bandwidths per operating band for CA

Table 6.1.3.1.1-1: 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

	CA_3A-19A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	19
	
	
	Yes
	Yes
	Yes
	


6.1.3.1.2
Co-existence studies for CA_3-19

As band 3 and band 19 are a low-high band combination the harmonic frequencies are far away from the receive and transmit bands of interest in the DL and UL (see table 6.1.3.1.2-1) and therefore it can be concluded that there is no issue on harmonic interference.
Table 6.1.3.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	3
	1 710
	1 785
	1 805
	1 880
	3 420
	3 570
	5 130
	5 355
	3 610
	3 760
	5 415
	5 640

	19
	830
	845
	875
	890
	1 660
	1 690
	2 490
	2 535
	1 750
	1 780
	2 625
	2 670


6.1.3.1.3
∆TIB and ∆RIB values

For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 6.1.3.1.3-1 and in table 6.1.3.1.3-2:
Table 6.1.3.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3-19
	3
	0,3

	
	19
	0,3


Table 6.1.3.1.3-2: ΔRIB 

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

	CA_3-19
	3
	0

	
	19
	0


6.1.4
LTE Advanced Carrier Aggregation of Band 1 and Band 8 (1 UL)

6.1.4.0
Inter-band CA operating bands
Table 6.1.4-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high
	
	FDL_low – FDL_high
	
	

	CA_1-8
	1
	1 920 MHz
	–
	1 980 MHz
	5,10, 15, 20 
(see note)
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	8
	880 MHz
	–
	915 MHz
	5, 10 
(see note )
	925 MHz
	–
	960 MHz
	5, 10
	

	NOTE:
Only one uplink component carrier is to be supported in any of the two frequency bands at any time.


6.1.4.1
List of specific combination issues

6.1.4.1.1
Channel bandwidths per operating band for CA

Table 6.1.4.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_1A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	8
	
	
	Yes
	Yes
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	1

	
	8
	
	
	Yes
	Yes
	
	
	


6.1.4.1.2
Co-existence studies for CA_1-8

As shown in table 6.1.4.1.2-1, the harmonic frequencies of band 1 and band 8 in UL are away from the receive bands of interest in the DL and it can be concluded that there is no issue on UL harmonic interference.

Table 6.1.4.1.2-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	1
	1 920
	1 980
	2 110
	2 170
	3 840
	3 960
	5 760
	5 940

	8
	880
	915
	925
	960
	1 760
	1 830
	2 640
	2 745


Table 6.1.4.1.2-2: Band 1 and Band 8 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2 110
	2 170

	2nd order harmonics frequency range (MHz)
	1 850
	1 920
	4 220
	4 340

	3rd order harmonics frequency range (MHz)
	2 775
	2 880
	6 330
	6 510

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	925
	960
	2 110
	2 170

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	190
	320
	3 260
	3 415

	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)
	3 960
	4 090
	5 145
	5 300

	3rd order IMD products
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	905
	980
	2 100
	2 180


It can be seen from table 6.1.4.1.2-2 that the upper edge of the 2nd harmonics of BS transmit band of f1 (band 8) is on the lower edge of BS receive band of f2 (band 1). It can also be seen that the 3rd IMD falls into BS receive band of band 8. However, as noted in subclause 5.1, these issues can be regarded as covered in co-located BS scenarios and there is no need to address in Inter-band carrier aggregation context. 
6.1.4.1.3
ΔTIB,c and ΔRIB values

For two simultaneous DL and only one UL, the tentative (TIB,c and (RIB values are given in the tables below.
Table 6.1.4.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-8A
	1
	0,3

	
	8
	0,3

	NOTE:
The values in the table reflect what can be achieved with the present state of the art technology. They should be reconsidered when the state of the art technology progresses


Table 6.1.4.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-8A
	1
	0

	
	8
	0


6.1.5
LTE Advanced Carrier Aggregation of Band 3 and Band 28 (1 UL)

6.1.5.0
Inter-band CA operating bands
Table 6.1.5-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high
	
	FDL_low – FDL_high
	
	

	CA_3-28
	3
	1 710 MHz
	–
	1 785 MHz
	5,10, 15, 20 
(see note)
	1 805 MHz
	–
	1 880 MHz
	5, 10, 15, 20
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5, 10, 15, 20 
(see note)
	758 MHz
	–
	803 MHz
	5, 10, 15, 20
	

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


6.1.5.1
List of specific combination issues

6.1.5.1.1
Channel bandwidths per operating band for CA

Table 6.1.5.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_3A-28A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	28
	
	
	Yes
	Yes
	Yes
	Yes


6.1.5.1.2
Co-existence studies for CA_3-28

As band 3 and band 28 are a low-high band combination the harmonic frequencies are far away from the receive bands of interest in the DL (see table 6.1.5.1.2-1) and it can be concluded that there is no issue on harmonic interference.

Table 6.1.5.1.2-1: Band 3 and Band 28 UL harmonics
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	3
	1 710
	1 785
	1 805
	1 880
	3 420
	3 570
	5 130
	5 355

	28
	703
	748
	758
	803
	1 406
	1 496
	2 109
	2 244


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of band 3 and band 28 DL carriers can be calculated as shown in table 6.1.5.1.2-1 below:

Table 6.1.5.1.2-2: Band 3 and Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	1 805
	1 880

	2nd order harmonics frequency range (MHz)
	1 516
	1 606
	3 610
	3 760

	3rd order harmonics frequency range (MHz)
	2 274
	2 409
	5 415
	5 640

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 002
	1 122
	2 563
	2 683

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	199
	364
	2 807
	3 002

	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)
	3 321
	3 486
	4 368
	4 563

	3rd order IMD products
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	683
	878
	1 760
	1 925


It can be seen that the 3rd IMD falls into BS receive band of band 3 and 28. However, these products will not fall into the BS own receive block if the frequency range as defined with the channel bandwidths given in table 6.1.5.1.1-1 are used for the more detailed IMD calculation.
6.1.5.1.3
ΔTIB,c and ΔRIB values

For two simultaneous DL and only one UL, the tentative (TIB,c and (RIB values are given in the tables below.
Table 6.1.5.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-28A
	3
	0,3

	
	8
	0,3

	NOTE:
The values in the table reflect what can be achieved with the present state of the art technology. They should be reconsidered when the state of the art technology progresses


Table 6.1.5.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_3A-28A
	3
	0

	
	8
	0


6.1.6
LTE Advanced Carrier Aggregation of Band 1 and Band 26

6.1.6.0
Inter-band CA operating bands
CA_1A-26A is designed to operate in the operating bands defined in table 6.1.6-1.

Table 6.1.6-1: Inter band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high
	
	FDL_low – FDL_high
	
	

	CA_1-26
	1
	1 920 MHz
	–
	1 980 MHz
	5, 10, 15, 20 
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	26
	814 MHz
	–
	849 MHz
	5, 10, 15
	859 MHz
	–
	894 MHz
	5, 10, 15
	


6.1.6.1
List of specific combination issues

6.1.6.1.1
Channel bandwidths per operating band for CA

Table 6.1.6.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

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

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-26A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	26
	
	
	Yes
	Yes
	
	
	
	


6.1.6.1.2
Co-existence studies for CA_1-26

Although Band 1 and Band 26 are a High-Low band combination, the harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 6.1.6.1.2-1. Therefore it can be concluded that there is no issue on harmonic interference.

Table 6.1.6.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	1
	1 920
	1 980
	2 110
	2 170
	3 840
	3 960
	5 760
	5 940
	4 220
	4 340
	6 330
	6 510

	26
	814
	849
	859
	894
	1 628
	1 698
	2 442
	2 547
	1 718
	1 788
	2 577
	2 682


Table 6.1.6.1.2-2 gives the frequency range of the third and fifth order intermodulation products when two simultaneous DLs are active in Band 1 and band 26. It can be seen that the intermodulation products are not falling within the two inter-bands and therefore no further relaxation is needed.

Table 6.1.6.1.2-2: Third order and fifth order intermodulation products (DL)

	Band
	DL low band edge
	DL high band edge
	DL 3rd order products
	DL 5th order products

	1
	2 110 MHz
	2 170 MHz
	N/A

3 326 – 3 481 MHz
	N/A

4 542 – 4 792 MHz

	26
	859 MHz
	894 MHz
	
	


6.1.6.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 1 and Band 26.

Table 6.1.6.1.3-1: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_1A-26A
	1
	0,3

	
	26
	0,3


Table 6.1.6.1.3-2: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_1A-26A
	1
	0

	
	26
	0


6.1.7
LTE Advanced Carrier Aggregation of Band 2 and Band 12 (1 UL)

6.1.7.0
Inter-band CA operating bands
Table 6.1.7-1: 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_2-12
	2
	1 850 MHz
	–
	1 910 MHz
	5, 10, 15, 20 
	1 930 MHz
	–
	1 990 MHz
	5, 10, 15, 20
	FDD

	
	12
	699 MHz
	–
	716 MHz
	3, 5, 10
	729 MHz
	–
	746 MHz
	3, 5, 10
	


6.1.7.1
List of specific combination issues

6.1.7.1.1
Channel bandwidths per operating band for CA

Table 6.1.7.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_2A-12A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	12
	
	
	Yes
	Yes
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	1

	
	12
	
	Yes
	Yes
	Yes
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

6.1.7.1.2
Co-existence studies for CA_2-12

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 12 DL carriers can be calculated as shown in table 6.1.7.1.2-1 below:

Table 6.1.7.1.2-1: Band 2 and Band 12 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	729
	746
	1 930
	1 990

	2nd order harmonics frequency range (MHz)
	1 458
	1 492
	3 860
	3 980

	3rd order harmonics frequency range (MHz)
	2 187
	2 238
	5 790
	5 970

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 184
	1 261
	2 659
	2 736

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	438
	532
	3 114
	3 251

	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)
	3 388
	3 482
	4 589
	4 726

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	669
	806
	1 913
	2 007


It can be seen from table 6.1.7.1.2-1 that the 2nd harmonics of Band 12 carriers may fall into the BS receive band of Band 21, while the 2nd IMD products caused by BS supporting carrier aggregation of Band 2 and Band 12 may fall into the BS receive band of Band 41, and the 3rd IMD products may fall into the BS receive band of Bands 1, 12, 13, 14, 17, 22, 23, 25, 28, 31, 33, 36, 37, 39, 42 and 44. Note that the calculation in table 6.1.7.1.2-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 17 MHz DL frequency of Band 12. If the BS is only transmitting an up to 10 MHz DL in Band 2 and Band 12 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 12, 13, 14, 17, 23, 25, 33 or 39 as shown in the last row in table 6.1.7.1.2-1.
It should be noted that Bands 1, 21, 28, 31, 39 and 44 are not intended for use in the same geographical area as Bands 2 and 12. Moreover, co-location of Band (2 + 12) transmitter and Band 33, 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 22, 41 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 12 BS transmitters do not share the same antenna with Band 22, 41 or 42 BS receiver.

Therefore, it is recommended that Bands 2 and 12 BS transmitters should not share the same antenna with Band 22, 41 or 42 BS receiver, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 22, 41 or 42 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

6.1.7.1.3
ΔTIB,c and ΔRIB 

The following relaxations are allowed for the inter-band carrier aggregation of Band 2 and Band 12.
Table 6.1.7.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_2A-12A
	2
	0,3

	
	12
	0,3


Table 6.1.7.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB] 



	CA_2A-12A
	2
	0

	
	12
	0


6.1.8
LTE Advanced Carrier Aggregation of Band 2 and Band 13

6.1.8.0
Inter-band CA operating bands
CA_2-13 is designed to operate in the operating bands in table 6.1.8-1.

Table 6.1.8-1: 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_2-13
	2
	1 850 MHz
	–
	1 910 MHz
	5,10,15, 20 
(note 1)
	1 930 MHz
	–
	1 990 MHz
	5, 10, 15, 20
	FDD

	
	13
	777 MHz
	–
	787 MHz
	10 
(note 1)
	746 MHz
	–
	756 MHz
	10
	

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


6.1.8.1
List of specific combination issues

6.1.8.1.1
Channel bandwidths per operating band for CA

Table 6.1.8.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_2A-13A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	13
	
	
	
	Yes
	
	
	

	
	2
	
	
	Yes
	Yes
	
	
	1

	
	13
	
	
	
	Yes
	
	
	


6.1.8.1.2
Co-existence studies for CA_2-13

6.1.8.1.2.0
Impact of harmonic interference
As shown in table 6.1.8.1.2-1, the harmonic frequencies of Band 2 and Band 13 in UL are away from the receive bands of interest in the DL and therefore it can be concluded that there is no issue on harmonic interference.

Table 6.1.8.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	2
	1 850
	1 910
	1 930
	1 990
	3 700
	3 820
	5 550
	5 730
	3 860
	3 980
	5 790
	5 970

	13
	777
	787
	746
	756
	1 554
	1 574
	2 331
	2 361
	1 492
	1 512
	2 238
	2 268


6.1.8.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 13 DL carriers can be calculated as shown in table 6.1.8.1.2.1-1 below:

Table 6.1.8.1.2.1-1: Band 2 and Band 13 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	746
	756
	1 930
	1 990

	2nd order harmonics frequency range (MHz)
	1 492
	1 512
	3 860
	3 980

	3rd order harmonics frequency range (MHz)
	2 238
	2 268
	5 790
	5 970

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 174
	1 244
	2 676
	2 746

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	418
	498
	3 104
	3 234

	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)
	3 422
	3 502
	4 606
	4 736

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	686
	816
	1 920
	2 000

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	726
	776
	1 920
	2 000


It can be seen from table 6.1.8.1.2.1-1 that the 2nd and 3rd harmonics of Band 2 and Band 13 carriers will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 2nd IMD products caused by BS supporting carrier aggregation of Band 2 and Band 13 may fall into the BS receive band of Band 41, and the 3rd IMD products may fall into the BS receive band of Bands 1, 12, 13, 14, 17, 18, 22, 26, 27, 28, 31, 36, 37, 42 and 44. Note that the calculation in table 6.1.8.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 10 MHz DL frequency of Band 13. If the BS is only transmitting an up to 20 MHz DL in Band 2 and an up to 10 MHz DL in Band 13 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 1, 22, 28, 31, 36, 37, 42 and 44 as shown in the last row in table 6.1.8.1.2.1-1.

It should be noted that that Bands 1, 18, 28, 31 and 44 are not intended for use in the same geographical area as Bands 2 and 13. Moreover, co-location of Band (2 +13) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 12, 14, 17, 22, 26, 27, 41 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 13 BS transmitters do not share the same antenna with Band 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver.

Therefore, it is recommended that Bands 2 and 13 BS transmitters should not share the same antenna with 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver to prevent Band 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 12, 14, 17, 22, 26, 27, 41 or 42 BS receiver desensitization.

6.1.8.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_2A-13A the ΔTIB,c is defined for applicable bands in table 6.1.8.1.3-1.
Table 6.1.8.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-13A
	2
	0,3

	
	13
	0,3


For the UE which supports CA_2A-13A the ΔRIB is defined for applicable bands in table 6.1.8.1.3-2.
Table 6.1.8.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_2A-13A
	2
	0

	
	13
	0


6.1.9
LTE Advanced Carrier Aggregation of Band 12 and Band 25 (1 UL)

6.1.9.0
Inter-band CA operating bands
Table 6.1.9-1: 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_12-25
	12
	699 MHz
	–
	716 MHz
	5, 10
	729 MHz
	–
	746 MHz
	5, 10
	FDD

	
	25
	1 850 MHz
	–
	1 915 MHz
	5, 10 
	1 930 MHz
	–
	1 995 MHz
	5, 10
	


6.1.9.1
List of specific combination issues

6.1.9.1.1
Channel bandwidths per operating band for CA

Table 6.1.9.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_12A-25A
	12
	
	
	Yes
	Yes
	
	

	
	25
	
	
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

6.1.9.1.2
Co-existence studies for CA _12_25

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 12 and Band 25 DL carriers can be calculated as shown in Table 6.1.9.1.2-1 below: 
Table 6.1.9.1.2-1: Band 12 and Band 25 DL harmonics and IMD products 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	729
	746
	1 930
	1 995

	2nd order harmonics frequency range (MHz)
	1 458
	1 492
	3 860
	3 990

	3rd order harmonics frequency range (MHz)
	2 187
	2 238
	5 790
	5 985

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 184
	1 266
	2 659
	2 741

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	438
	537
	3 114
	3 261

	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)
	3 388
	3 487
	4 589
	4 736

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	664
	811
	1 913
	2 012

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	719
	756
	1 920
	2 005


It can be seen from Table 6.1.9.1.2-1 that the 2nd harmonics of Band 12 carriers may fall into the BS receive band of Band 21, while the 2nd IMD products caused by BS supporting carrier aggregation of Band 12 and Band 25 may fall into the BS receive band of Band 41, and the 3rd IMD products may fall into the BS receive band of Bands 1, 12, 13, 14, 17, 22, 23, 25, 27, 28, 31, 33, 34, 36, 37, 39, 42 and 44. Note that the calculation in Table 6.1.9.1.2-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 25 and the whole 17 MHz DL frequency of Band 12. If the BS is only transmitting an up to 10 MHz DL in Band 25 and Band 12 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 12, 13, 14, 17, 23, 25, 27, 33, 34 or 39 as shown in the last row in Table 6.1.9.1.2-1.

It should be noted that Bands 1, 21, 28, 31, and 44 are not intended for use in the same geographical area as Bands 25 and 12. Moreover, a co-location of Band (12 + 25) transmitter and Band 36 or 37 transceivers implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 22, 41 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 12 BS transmitters do not share the same antenna with Band 22, 41 or 42 BS receiver.

Therefore, it is recommended that Bands 12 and 25 BS transmitters should not share the same antenna with Band 22, 41 or 42 BS receivers; unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 22, 41 or 42 BS receiver de-sensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

6.1.9.1.3
ΔTIB,c and ΔRIB 

The following relaxations are allowed for the inter-band carrier aggregation of Band 2 and Band 12.
Table 6.1.9.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_12A-25A
	12
	0,3

	
	25
	0,3


Table 6.1.9.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB] 



	CA_12A-25A
	12
	0

	
	25
	0


6.1.10
LTE Advanced Carrier Aggregation of Band 2 and Band 5

6.1.10.0
Inter-band CA operating bands
CA_2-5 is designed to operate in the operating bands in table 6.1.10-1.
Table 6.1.10-1: 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_2-5
	2
	1 850 MHz
	–
	1 910 MHz
	5, 10, 15, 20 
(see note )
	1 930 MHz
	–
	1 990 MHz
	5, 10, 15, 20
	FDD

	
	5
	824 MHz
	–
	849 MHz
	5, 10 
(see note)
	869 MHz
	–
	894 MHz
	5, 10
	

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


6.1.10.1
List of specific combination issues

6.1.10.1.1
Channel bandwidths per operating band for CA

Table 6.1.10.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_2A-5A
	
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	
	
	
	Yes
	Yes
	
	
	

	
	
	
	
	Yes
	Yes
	
	
	1

	
	
	
	
	Yes
	Yes
	
	
	


6.1.10.1.2
Co-existence studies for CA_2-5

6.1.10.1.2.0
Impact of harmonic interference
As shown in table 6.1.10.1.2-1, the harmonic frequencies of Band 2 and Band 5 in UL are away from the receive bands of interest in the DL and therefore it can be concluded that there is no issue on harmonic interference.

Table 6.1.10.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	2
	1 850
	1 910
	1 930
	1 990
	3 700
	3 820
	5 550
	5 730
	3 860
	3 980
	5 790
	5 970

	5
	824
	849
	869
	894
	1 648
	1 698
	2 472
	2 547
	1 738
	1 788
	2 607
	2 682


6.1.10.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 5 DL carriers can be calculated as shown in Table 6.1.10.1.2.1-1 below:

Table 6.1.10.1.2.1-1: Band 2 and Band 5 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	1 930
	1 990

	2nd order harmonics frequency range (MHz)
	1 738
	1 788
	3 860
	3 980

	3rd order harmonics frequency range (MHz)
	2 607
	2 682
	5 790
	5 970

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 036
	1 121
	2 799
	2 884

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	142
	252
	2 966
	3 111

	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)
	3 668
	3 778
	4 729
	4 874

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	809
	954
	1 905
	2 015

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	849
	914
	1 920
	2 000


The 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics may fall into the BS receive band of Bands 38 and 41, while the 3rd IMD products caused by BS supporting carrier aggregation of Band 2 and Band 5 may fall into the BS receive band of Bands 1, 2, 5, 6, 8, 18, 19, 20, 23, 25, 26, 27, 33, 34, 35, 36, 37, 39 and 43. Note that the calculation in Table 6.1.10.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 25 MHz DL frequency of Band 5. If the BS is only transmitting an up to 20 MHz DL in Band 2 and an up to 10 MHz DL in Band 5 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 1, 8, 20, 36, 37 and 43 as shown in the last row in Table 6.1.10.1.2.1-1.

It should be noted that that Bands 1, 3, 8, 9, 20 and 38 are not intended for use in the same geographical area as Bands 2 and 5. Moreover, co-location of Band (2 + 5) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 4, 10, 41 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 4, 10, 41 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 5 BS transmitters do not share the same antenna with Band 4, 10, 41 or 43 BS receiver.

Therefore, it is recommended that Bands 2 and 5 BS transmitters should not share the same antenna with Band 4, 10, 41 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 10, 41 or 43 BS receiver desensitization.

6.1.10.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_2A-5A the ΔTIB,c is defined for applicable bands in table 6.1.10.1.3-1.
Table 6.1.10.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-5A
	2
	0,3

	
	5
	0,3


For the UE which supports CA_2A-5A the ΔRIB is defined for applicable bands in table 6.1.10.1.3-2.
Table 6.1.10.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_2A-5A
	2
	0

	
	5
	0


6.1.11
LTE Advanced Carrier Aggregation of Band 1 and Band 18
6.1.11.0
Inter-band CA operating bands
CA_1A-18A is designed to operate in the operating bands defined in Table 6.1.11-1.

Table 6.1.11-1: Inter band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high
	
	FDL_low – FDL_high
	
	

	CA_1-18
	1
	1 920 MHz
	–
	1 980 MHz
	5, 10, 15, 20 
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	18
	815 MHz
	–
	830 MHz
	5, 10 
	860 MHz
	–
	875 MHz
	5, 10
	


6.1.11.1
List of specific combination issues

6.1.11.1.1
Channel bandwidths per operating band for CA

Table 6.1.11.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

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

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	18
	
	
	Yes
	Yes
	
	
	
	


6.1.11.1.2
Co-existence studies for CA_1-18
6.1.11.1.2.0
Impact of harmonic interference
Studies have been already made in Rel-11. See [3].
6.1.11.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 18 DL carriers can be calculated as shown in Table 6.1.11.1.2.1-1 below:

Table 6.1.11.1.2.1-1: Band 1 and Band 18 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	860
	875
	2 110
	2 170

	2nd order harmonics frequency range (MHz)
	1 720
	1 750
	4 220
	4 340

	3rd order harmonics frequency range (MHz)
	2 580
	2 625
	6 330
	6 510

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1 235
	1 310
	2 970
	3 045

	3rd order IMD products
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	360
	450
	3 345
	3 480

	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)
	3 830
	3 920
	5 080
	5 215

	3rd order IMD products
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	800
	935
	2 095
	2 185

	3rd Order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	840
	895
	2 095
	2 185


It can be seen from Table 6.1.11.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 18 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics of BS transmitting in Band 18 may fall into the BS receive band of Bands 38 and 41, while the 3rd IMD products caused by BS supporting CA of Band 1 and Band 18 may fall into the BS receive band of Bands 5, 6, 8, 18, 19, 20, 22, 26, 27, 42 and 44. Note that the calculation in Table 6.1.11.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 15 MHz DL frequency of Band 18. If the BS is only transmitting an up to 20 MHz DL in Band 1 and an up to 15 MHz DL in Band 18 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 5, 8, 19, 20, 22, 26 and 42 as shown in the last row in Table 6.1.11.1.2.1-1, and the 3rd IMD products will not fall into the BS receive frequency range within Band 8 (900 – 915 MHz) that is allocated in Japan. Also the 3rd IMD products may only fall into the BS receive band of certain frequency range within Band 19 under the transmit configurations shown in Table 6.1.11.1.2.1-2 below.

Table 6.1.11.1.2.1-2: Band (1 + 18) BS transmit configurations with 3rd IMD within Band 19 BS receive band

	Band 1 DL channel bandwidth (MHz)
	Band 18 DL channel bandwidth (MHz)
	Lower edge of Band 18 DL frequency block (MHz)
	Lower edge of IMD frequency limits (MHz)

	20
	5, 10 or 15
	860 – 874,9
	840 – 844,9


It should be noted that Bands 4, 5, 10, 20, 26 and 38 are not intended for use in the same geographical area as Bands 1 and 18, and the 3rd IMD products caused by BS supporting CA of Band 1 and Band 18 will not fall into the BS receive frequency range within Band 8 that is allocated in Japan. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 9, 19, 22, 41 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the harmonics and IMD interference generated within the Band 3, 9, 22, 41 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 18 BS transmitters do not share the same antenna with Band 3, 9, 22, 41 or 42 BS receiver.

On the other hand, it is recommended that Bands 1 and 18 BS transmitters should not share the same antenna with Band 3, 9, 22, 41 or 42 BS receiver, or Band 19 BS receiver for the affected frequency ranges if the aforementioned BS transmit configurations are used, in order to prevent BS receiver desensitization, unless the antenna path meets very stringent harmonics and 3rd order PIM specification so that the harmonics and PIM will not cause Band 3, 9, 19, 22, 41 or 42 BS receiver desensitization.

6.1.12
LTE Advanced Carrier Aggregation of Band 7 and Band 28

6.1.12.0
Inter-band CA operating bands
CA_7-28 is designed to operate in the operating bands in table 6.1.12-1.

Table 6.1.12-1: 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_7-28
	7
	2 500 MHz
	–
	2 570 MHz
	5,10,15, 20 
(see note 1)
	2 620 MHz
	–
	2 690 MHz
	5, 10, 15, 20
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5, 10, 15 
(see note)
	758 MHz
	–
	803 MHz
	5, 10, 15
	

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


6.1.12.1
List of specific combination issues

6.1.12.1.1
Channel bandwidths per operating band for CA

Table 6.1.12.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_7A-28A
	7
	
	
	Yes
	Yes
	Yes
	Yes

	
	28
	
	
	Yes
	Yes
	Yes
	


6.1.12.1.2
Co-existence studies for CA_7-28

As shown in table 6.1.12.1.2-1, the harmonic frequencies of Band 7 and Band 28 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.1.12.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	7
	2 500
	2 570
	2 620
	2 690
	5 000
	5 140
	7 500
	7 710

	28
	703
	748
	758
	803
	1 406
	1 496
	2 109
	2 244


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of band 7 and band 28 DL carriers can be calculated as shown in table 6.1.12.1.2-2 below:

Table 6.1.12.1.2-2: Band 7 and Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	2 620
	2 690

	2nd order harmonics frequency range (MHz)
	1 516
	1 606
	5 240
	5 380

	3rd order harmonics frequency range (MHz)
	2 274
	2 409
	7 860
	8 070

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1 817
	1 932
	3 378
	3 493

	3rd order IMD products
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	1 014
	1 174
	4 437
	4 622

	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)
	4 136
	4 296
	5 998
	6 183

	3rd order IMD products
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	688
	873
	2 575
	2 735


It can be seen that the 3rd IMD products may fall into BS receive band of band 28. However, as described in subclause 5.1 of TR 36.850, due to the low-high band combinations use separate antennas, this issue can be regarded as covered in co-located BS scenarios and there is no need to address in inter-band carrier aggregation context. 
6.1.12.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_7A-28A the ΔTIB,c is defined for applicable bands in table 6.1.12.1.3-1.
Table 6.1.12.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7A-28A
	7
	0,3

	
	28
	0,3


For the UE which supports CA_7A-28A the ΔRIB is defined for applicable bands in table 6.1.12.1.3-2.
Table 6.1.12.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_7A-28A
	7
	0

	
	28
	0


6.1.13
LTE Advanced Carrier Aggregation of Band 5 and Band 25

6.1.13.0
Inter-band CA operating bands
CA_5-25 is designed to operate in the operating bands in table 6.1.13-1.

Table 6.1.13-1: 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_5-25
	5
	824 MHz
	–
	849 MHz
	5,10
(see note)
	869 MHz
	–
	894 MHz
	5, 10
	FDD

	
	25
	1 850 MHz
	–
	1 915 MHz
	5, 10, 15, 20 
(see note)
	1 930 MHz
	–
	1 995 MHz
	5, 10, 15, 20
	

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


6.1.13.1
List of specific combination issues

6.1.13.1.1
Channel bandwidths per operating band for CA

Table 6.1.13.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_5A-25A
	5
	
	
	Yes
	Yes
	
	
	0

	
	25
	
	
	Yes
	Yes
	Yes
	Yes
	


6.1.13.1.2
Co-existence studies for CA_5-25

6.1.13.1.2.0
Impact of harmonic interference
As shown in table 6.1.13.1.2-1, the harmonic frequencies of Band 5 and Band 25 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.1.13.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	5
	824
	849
	869
	894
	1 648
	1 698
	2 472
	2 547
	1 738
	1 788
	2 607
	2 682

	25
	1 850
	1 915
	1 930
	1 995
	3 700
	3 830
	5 550
	5 745
	3 860
	3 990
	5 790
	5 985


6.1.13.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 25 DL carriers can be calculated as shown in Table 6.1.13.1.2.1-1 below:

Table 6.1.13.1.2.1-1: Band 5 and Band 25 DL harmonics and IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	DL frequency (MHz)
	869
	894
	1 930
	1 995

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1 738
	1 788
	3 860
	3 990

	3rd harmonics frequency limits (MHz)
	2 607
	2 682
	5 790
	5 985

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1 036
	1 126
	2 799
	2 889

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2*f2-high – f1-low)

	IMD frequency limits (MHz)
	142
	257
	2 966
	3 121

	
	
	
	
	

	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)
	3 668
	3 783
	4 729
	4 884

	
	
	
	
	

	3rd order IMD products 
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	804
	959
	1 905
	2 020

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	849
	914
	1 920
	2 005


It can be seen from Table 6.1.13.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics may fall into the BS receive band of Bands 38 and 41, while the 3rd IMD products caused by BS supporting carrier aggregation of Band 5 and Band 25 may fall into the BS receive band of Bands 1, 2, 5, 6, 8, 18, 19, 20, 23, 25, 26, 27, 33, 34, 35, 36, 37. 39 and 43. Note that the calculation in Table 6.1.13.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 25 MHz DL frequency of Band 5 and the whole 65 MHz DL frequency of Band 25. If the BS is only transmitting an up to 10 MHz DL in Band 5 and an up to 20 MHz DL in Band 25 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of Bands 1, 8, 20, 23, 36, 37 and 43 as shown in the last row in Table 6.1.13.1.2.1-1.

It should be noted that Bands 1, 3, 8, 9, 20 and 38 are not intended for use in the same geographical area as Bands 5 and 25. Moreover, co-location of Band (5 + 25) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Bands 4, 10, 23, 41 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 4, 10, 41 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 5 and 25 BS transmitters do not share the same antenna with Band 4, 10, 41 or 43 BS receiver. But there is not a large frequency gap between Band 25 DL and Band 23 UL, and hence Band 23 BS receiver desensitization may still be an issue.

Therefore, it is recommended that Bands 5 and 25 BS transmitters should not share the same antenna with Band 4, 10, 23, 41 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 10, 23, 41 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.1.13.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_5A-25A the ΔTIB,c is defined for applicable bands in table 6.1.13.1.3-1.
Table 6.1.13.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-25A
	5
	0,3

	
	25
	0,3


For the UE which supports CA_5A-25A the ΔRIB is defined for applicable bands in table 6.1.13.1.3-2.
Table 6.1.13.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_5A-25A
	5
	0

	
	25
	0


6.1.14
LTE Advanced Carrier Aggregation of Band 5 and Band 7

6.1.14.0
Inter-band CA operating bands
CA_5-7 is designed to operate in the operating bands in table 6.1.14-1.

Table 6.1.14-1: 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_5-7
	5
	824 MHz
	–
	849 MHz
	1,4; 3; 5; 10 
(see note)
	869 MHz
	–
	894 MHz
	1,4; 3; 5;  10
	FDD

	
	7
	2 500 MHz
	–
	2 570 MHz
	10;15; 20 
(see note)
	2 620 MHz
	–
	2 690 MHz
	10; 15; 20
	

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


6.1.14.1
List of specific combination issues

6.1.14.1.1
Channel bandwidths per operating band for CA

Table 6.1.14.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_5A-7A
	5
	Yes
	Yes
	Yes
	Yes
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes


6.1.14.1.2
Co-existence studies for CA_5-7

As shown in table 6.1.14.1.2-1, the harmonic frequencies of Band 5 and Band 7 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.1.14.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	5
	824
	849
	869
	894
	1 648
	1 698
	2 472
	2 547

	7
	2 500
	2 570
	2 620
	2 690
	5 000
	5 140
	7 500
	7 710


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 7 DL carriers can be calculated as shown in table 6.1.14.1.2-2 below:

Table 6.1.14.1.2-2: Band 5 and Band 7 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	2 620
	2 690

	2nd order harmonics frequency range (MHz)
	1 738
	1 788
	5 240
	5 380

	3rd order harmonics frequency range (MHz)
	2 607
	2 682
	7 860
	8 070

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1 726
	1 821
	3 489
	3 584

	3rd order IMD products
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	832
	952
	4 346
	4 511

	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)
	4 358
	4 478
	6 109
	6 274

	3rd order IMD products
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	799
	964
	2 595
	2 715


It can be seen that the 3rd IMD products may fall into BS receive band of band 5. However, as described in subclause 5.1 of TR 36.850, due to the low-high band combinations use separate antennas, this issue can be regarded as covered in co-located BS scenarios and there is no need to address in inter-band carrier aggregation context. 
6.1.14.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_5A-7A the ΔTIB,c is defined for applicable bands in table 6.1.14.1.3-1.
Table 6.1.14.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-7A
	5
	0,3

	
	7
	0,3


For the UE which supports CA_5A-7A the ΔRIB is defined for applicable bands in table 6.1.14.1.3-2.
Table 6.1.14.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_5A-7A
	5
	0

	
	7
	0


6.1.15
LTE Advanced Carrier Aggregation of Band 5 and Band 30

6.1.15.0
Inter-band CA operating bands
CA_5-30 is designed to operate in the operating bands in table 6.1.15-1.

Table 6.1.15-1: 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_5-30
	5
	824 MHz
	–
	849 MHz
	5, 10 
(see note)
	869 MHz
	–
	894 MHz
	5, 10
	FDD

	
	30
	2 305 MHz
	–
	2 315 MHz
	5, 10 
(see note)
	2 350 MHz
	–
	2 360 MHz
	5, 10
	

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


6.1.15.1
List of specific combination issues

6.1.15.1.1
Channel bandwidths per operating band for CA

Table 6.1.15.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_5A-30A
	5
	
	
	Yes
	Yes
	
	
	0

	
	30
	
	
	Yes
	Yes
	
	
	


6.1.15.1.2
Co-existence studies for CA_5-30

6.1.15.1.2.0
Impact of harmonic interference

As shown in table 6.1.15.1.2-1, the harmonic frequencies of Band 5 and Band 30 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.1.15.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	5
	824
	849
	869
	894
	1 648
	1 698
	2 472
	2 547
	1 738
	1 788
	2 607
	2 682

	30
	2 305
	2 315
	2 350
	2 360
	4 610
	4 630
	6 915
	6 945
	4 700
	4 720
	7 050
	7 080


6.1.15.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 30 DL carriers can be calculated as shown in Table 6.1.15.1.2.1-1 below:
Table 6.1.15.1.2.1-1: Band 5 and Band 30 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	2 350
	2 360

	2nd order harmonics frequency range (MHz)
	1 738
	1 788
	4 700
	4 720

	3rd order harmonics frequency range (MHz)
	2 607
	2 682
	7 050
	7 080

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 456
	1 491
	3 219
	3 254

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	562
	622
	3 806
	3 851

	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)
	4 088
	4 148
	5 569
	5 614

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	859
	904
	2 325
	2 385

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	859
	904
	2 340
	2 370


It can be seen from Table 6.1.15.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics may fall into the BS receive band of Bands 38 and 41, while the 2nd IMD products caused by BS supporting carrier aggregation of Band 5 and Band 30 may fall into the BS receive band of Band 21, and the 3rd IMD products may fall into the BS receive band of Bands 8, 20 and 40. Note that the calculation in Table 6.1.15.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 25 MHz DL frequency of Band 5 and the whole 10 MHz DL frequency of Band 30. However, even if the BS is only transmitting an up to 10 MHz DL in Band 5 and an up to 10 MHz DL in Band 30 as stated in the WIDS, the 3rd IMD products may still fall into the BS receive band of Bands 8, 20 and 40 as shown in the last row in Table 6.1.15.1.2.1-1.

It should be noted that Bands 3, 8, 9, 20, 21, 38 and 40 are not intended for use in the same geographical area as Bands 5 and 30. Therefore, the focus here will be on the harmonics and IMD falling into Bands 4, 10 and 41.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 4, 10 or 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 5 and 30 BS transmitters do not share the same antenna with Band 4, 10 or 41 BS receiver.

Therefore, it is recommended that Bands 5 and 30 BS transmitters should not share the same antenna with Band 4, 10 or 41 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 10 or 41 BS receiver desensitization.
6.1.15.1.3
ΔTIB,c and ΔRIB (1 UL)

For the UE which supports CA_5A-30A the ΔTIB,c is defined for applicable bands in table 6.1.15.1.3-1.

Table 6.1.15.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-30A
	5
	0,3

	
	30
	0,3


For the UE which supports CA_5A-30A the ΔRIB is defined for applicable bands in table 6.1.15.1.3-2.
Table 6.1.15.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_5A-30A
	5
	0

	
	30
	0


6.1.16
LTE Advanced Carrier Aggregation of Band 29 and Band 30

6.1.16.0
Inter-band CA operating bands
CA_29-30 is designed to operate in the operating bands in table 6.1.16-1.

Table 6.1.16-1: 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_29-30
	29
(see note)
	N/A
	–
	N/A
	N/A
	717 MHz
	–
	728 MHz
	5, 10
	FDD

	
	30
	2 305 MHz
	–
	2 315 MHz
	5, 10
	2 350 MHz
	–
	2 360 MHz
	5, 10
	

	NOTE:
Band 29 is a downlink only band.


6.1.16.1
List of specific combination issues

6.1.16.1.1
Channel bandwidths per operating band for CA

Table 6.1.16.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_29A-30A
	29
	
	
	Yes
	Yes
	
	
	0

	
	30
	
	
	Yes
	Yes
	
	
	


6.1.16.1.2
Co-existence studies for CA_29-30

6.1.16.1.2.0
Impact of harmonic interference

As shown in table 6.1.16.1.2-1, the harmonic frequencies of Band 30 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.1.16.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	29
	N/A
	N/A
	717
	728
	N/A
	N/A
	N/A
	N/A
	1 434
	1 456
	2 151
	2 184

	30
	2 305
	2 315
	2 350
	2 360
	4 610
	4 630
	6 915
	6 945
	4 700
	4 720
	7 050
	7 080


6.1.16.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 29 and Band 30 DL carriers can be calculated as shown in Table 6.1.16.1.2.1-1 below:

Table 6.1.16.1.2.1-1: Band 29 and Band 30 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	717
	728
	2 350
	2 360

	2nd order harmonics frequency range (MHz)
	1 434
	1 456
	4 700
	4 720

	3rd order harmonics frequency range (MHz)
	2 151
	2 184
	7 050
	7 080

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 622
	1 643
	3 067
	3 088

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	894
	926
	3 972
	4 003

	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)
	3 784
	3 816
	5 417
	5 448

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	707
	738
	2 339
	2 371

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	707
	738
	2 340
	2 370


It can be seen from Table 6.1.16.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 29 may fall into the BS receive band of Bands 11 and 21, while the 2nd IMD products caused by BS supporting carrier aggregation of Band 29 and Band 30 may fall into the BS receive band of Band 24, and the 3rd IMD products may fall into the BS receive band of Bands 8, 12, 17, 28, 40, 43 and 44. Note that the calculation in Table 6.1.16.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 11 MHz DL frequency of Band 29 and the whole 10 MHz DL frequency of Band 30. However, even if the BS is only transmitting an up to 10 MHz DL in Band 29 and an up to 10 MHz DL in Band 30 as stated in the WIDS, the 3rd IMD products may still fall into the BS receive band of Bands 8, 12, 17, 28, 40, 43 and 44 as shown in the last row in Table 6.1.16.1.2.1-1.

It should be noted that Bands 6, 11, 21, 28, 40 and 44 are not intended for use in the same geographical area as Bands 29 and 30. Therefore, the focus here will be on the harmonics and IMD falling into Bands 12, 17, 24 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 24 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 29 and 30 BS transmitters do not share the same antenna with Band 24 or 43 BS receiver. However, the 3rd IMD products may still fall into the BS receive band of Bands 12 and 17, which is only 1 MHz away from Band 29 transmit band, and desensitize the receiver.

Therefore, it is recommended that Bands 29 and 30 BS transmitters should not share the same antenna with Band 12, or 17 BS receiver to prevent BS receiver desensitization, or with Band 24 or 43 BS receiver unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 24 or 43 BS receiver desensitization.

6.1.16.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_29A-30A the ΔTIB,c is defined for applicable bands in table 6.1.16.1.3-1.
Table 6.1.16.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_29A-30A
	29
	0,3

	
	30
	0,3


For the UE which supports CA_29A-30A the ΔRIB is defined for applicable bands in table 6.1.16.1.3-2.
Table 6.1.16.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_29A-30A
	29
	0

	
	30
	0


6.1.17
LTE Advanced Carrier Aggregation of Band 4 and Band 27 (1 UL)

6.1.17.0
Inter-band CA operating bands
CA_4A-27A is designed to operate in the operating bands defined in table 6.1.17-1.

Table 6.1.17-1: 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_4-27
	4
	1 710 MHz
	–
	1 755 MHz
	5, 10, 15, 20 
	2 110 MHz
	–
	2 155 MHz
	5, 10, 15, 20
	FDD

	
	27
	807 MHz
	–
	824 MHz
	3, 5, 10
	852 MHz
	–
	869 MHz
	3, 5, 10
	


6.1.17.1
List of specific combination issues

6.1.17.1.1
Channel bandwidths per operating band for CA

Table 6.1.17.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregate bandwidth [MHz]

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_4A-27A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30

	
	27
	
	Yes
	Yes
	Yes
	
	
	


6.1.17.1.2
Co-existence studies for CA_4-27

Band 4 and Band 27 are a High-Low band combination. The UL harmonic frequencies can be seen in table 6.1.17.1.2‑1. It can be seen that the UL harmonics do not fall into the DL of either band. Therefore it can be concludedthat there is no issue with UL harmonic interference to the DL.

Table 6.1.17.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	4
	1 710
	1 755
	2 110
	2 155
	3 420
	3 510
	5 130
	5 265

	27
	807
	824
	852
	869
	1 614
	1 648
	2 421
	2 472


Table 6.1.17.1.2-2 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 4 and Band 27. 

Table 6.1.17.1.2-2: Band 4 and Band 27 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	852
	869
	2 110
	2 155

	2nd order harmonics frequency range (MHz)
	1 704
	1 738
	4 220
	4 310

	3rd order harmonics frequency range (MHz)
	2 556
	2 607
	6 330
	6 465

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 241
	1 303
	2 962
	3 024

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	372
	451
	3 351
	3 458

	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)
	3 814
	3 893
	5 072
	5 179

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	807
	914
	2 093
	2 172

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	832
	889
	2 100
	2 165


It can also be seen from table 6.1.17.1.2-2 that the 2nd and 3rd harmonics of BS transmitting in Band 27 may fall into the BS receive band of Bands 3, 4, 7, 10, 38 and 41, and the 3rd IMD products into the BS receive band of Bands 5, 6, 8, 18, 19, 20, 22, 26, 27 and 42. Note that the calculation in table 6.1.17.1.2-2 (except the last row) assumes the BS is transmitting with the entire 45 MHz DL frequency of Band 4 and the entire 17 MHz DL frequency of Band 27. If the BS is only transmitting in 20 MHz DL in Band 4 as stated in the WIDs, the 3rd IMD products will not fall into the BS receive band of Band 18 or 27 as shown in the last row in table 6.1.17.1.2-2. Also, in countries where Band 27 and Band 8 can be deployed, only part of Band 8 that is above the Band 5 downlink is deployed because of the overlap between Band 5 and Band 8. When the actual carrier bandwidths are factored in, the 3Rd IMD does not overlap with the part of Band 8 BS receive band that is deployed in Korea, Brazil Australia or other countries where Band 27 and Band 8 will be deployed.

It should be noted that Band 4 is not meant to be deployed in the same geographic area as Bands 3, 6, 18, 19, 20. Therefore the focus here will be on the harmonics of Band 27 falling into Bands 4, 7, 10, 38 and 41, and IMD falling into Bands 5, 22, 26 and 42.

In order to avoid BS receiver desensitization due to the second and third harmonics of Band 27, it is recommended that Band 27 BS transmitter should not share the same antenna with a receiver for Bands 4, 7, 10, 38 or 41.

With the performance of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 5, 22, 26 and 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 4 and 27 BS transmitters do not share the same antenna with Bands 5, 22, 26 and 42 BS receiver, unless the antenna path meets very stringent third order PIM specification so that the PIM will not cause receiver desensitization.

6.1.17.1.3
ΔTIB and ΔRIB values 

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 4 and Band 27.

Table 6.1.17.1.3-1: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_4A-27A
	4
	0,3

	
	27
	0,3


Table 6.1.17.1.3-2: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_4A-27A
	4
	0

	
	27
	0


6.1.18
LTE Advanced Carrier Aggregation of Band 3 and Band 27

6.1.18.0
Inter-band CA operating bands
CA_3-27 is designed to operate in the operating bands in table 6.1.18-1.

Table 6.1.18-1: 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_3-27
	3
	1 710 MHz
	–
	1 785 MHz
	5, 10, 15, 20 
(See note)
	1 805 MHz
	–
	1 880 MHz
	5, 10, 15, 20
	FDD

	
	27
	807 MHz
	–
	824 MHz
	5, 10 
(See note)
	852 MHz
	–
	869 MHz
	5, 10
	

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


6.1.18.1
List of specific combination issues

6.1.18.1.1
Channel bandwidths per operating band for CA

Table 6.1.18.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_3A-27A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	27
	
	
	Yes
	Yes
	
	


6.1.18.1.2
Co-existence studies for CA_3-27

As shown in table 6.1.18.1.2-1, the harmonic frequencies of Band 3 and Band 27 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.1.18.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	3
	1 710
	1 785
	1 805
	1 880
	3 420
	3 570
	5 130
	5 355

	27
	807
	824
	852
	869
	1 614
	1 648
	2 421
	2 472


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 3 and Band 27 DL carriers can be calculated as shown in table 6.1.18.1.2-2 below:

Table 6.1.18.1.2-2: Band 3 and Band 27 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	852
	869
	1 805
	1 880

	2nd order harmonics frequency range (MHz)
	1 704
	1 738
	3 610
	3 760

	3rd order harmonics frequency range (MHz)
	2 556
	2 607
	5 415
	5 640

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	936
	1 028
	2 657
	2 749

	3rd order IMD products
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	67
	176
	2 741
	2 908

	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)
	3 509
	3 618
	4 462
	4 629

	3rd order IMD products
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	777
	944
	1 788
	1 897

	3rd Order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	832
	889
	1 795
	1 890


It can be seen in table 6.1.18.1.2-2 that the 2nd and 3rd harmonics of BS transmitting in Band 27 may fall into the BS receive band of Bands 3, 4, 7, 10, 38 and 41 and the second harmonics of Band 3 could fall into the receive band of Band 43. 
It can be seen that the 3rd IMD products may fall into BS receive band of band 2, 5, 6, 8, 13, 14, 18, 19, 20, 25, 26, 27, 35, 39, 42, 43 and 44. Note that the calculation in table 6.1.18.1.2-2 (except the last row) assumes the BS is transmitting with the entire 75 MHz DL frequency of Band 3 and the entire 17 MHz DL frequency of Band 27. If the BS is only transmitting an up to 20 MHz DL in Band 3 and 10 MHz in Band 27 as stated in the WIDs, the 3rd IMD products will not fall into the BS receive band of the Band 13, 14 18, 27, or 44 as shown in the last row in table 6.1.18.1.2-2. Also, in countries where Band 27 and Band 8 can be deployed, only part of Band 8 that is above the Band 5 downlink is deployed because of the overlap between Band 5 and Band 8. When the actual carrier bandwidths are factored in, the 3rd IMD does not overlap with the part of Band 8 BS receive band that is deployed in Korea, Brazil Australia or other countries where Band 27 and Band 8 will be deployed.

It should be noted that Band 3 and Band 27 are not meant to be deployed together in the same geographic area as Bands 2, 4, 6, 9, 10, 13, 14, 18, 19, 20, 25, 39, 43. Therefore the focus here will be on the harmonics of Band 27 falling into Bands 3, 7, 38 and 41, and IMD products falling into Bands 5, 26, 35 and 42. 
However, as described in subclause 5.1 of TR 36.850, due to the low and high bands use separate antennas, these issues can be regarded as covered in co-located BS scenarios and there is no need to address in inter-band carrier aggregation context. 
6.1.18.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_3A-27A the ΔTIB,c is defined for applicable bands in table 6.1.18.1.3-1.
Table 6.1.18.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-27A
	3
	0,3

	
	27
	0,3


For the UE which supports CA_3A-27A the ΔRIB is defined for applicable bands in table 6.1.18.1.3-2.
Table 6.1.18.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_3A-27A
	3
	0

	
	27
	0


6.1.19
LTE Advanced Carrier Aggregation of Band 1 and Band 5
6.1.19.0
Inter-band CA operating bands
CA_1-5 is designed to operate in the operating bands in table 6.1.19-1.

Table 6.1.19-1: Inter-band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high
	
	FDL_low – FDL_high
	
	

	CA_1-5
	1
	1 920 MHz
	–
	1 980 MHz
	5, 10, 15, 20 
(See note)
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	5
	824 MHz
	–
	849 MHz
	5,10 
(See note)
	869 MHz
	–
	894 MHz
	5, 10
	

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


6.1.19.1
List of specific combination issues
6.1.19.1.1
Channel bandwidths per operating band for CA
Table 6.1.19.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-5A
	1
	
	
	Yes
	Yes
	Yes
	Yes

	
	5
	
	
	Yes
	Yes
	
	


6.1.19.1.2
Co-existence studies for CA_1-5
Table 6.1.19.1.2-1 summarizes frequency ranges where harmonics occur due to Band 1 or Band 5 for both UL and DL. It can be seen that the harmonic frequencies of Band 1 and Band 5 in DL are away from the BS receive bands of interest in the UL. For the UE aspect, the UL harmonic frequencies of Band 1 and Band 5 does not locate within the UE receive bands of interest in the DL. Therefore it can be concludedthat there is no issue on harmonic interference.
Table 6.1.19.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	1
	1 920
	1 980
	2 110
	2 170
	3 840
	3 960
	5 760
	5 940
	4 220
	4 340
	6 330
	6 510

	5
	824
	849
	869
	894
	1 648
	1 698
	2 472
	2 547
	1 738
	1 788
	2 607
	2 682


The 2nd DL harmonics of Band 5 carriers may fall into the BS receive band of Bands 3, 4, 9 and 10. And also 3rd DL harmonics of Band 5 carriers may fall into the BS receiver band of Bands 38 and 41.
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 5 DL carriers can be calculated as shown in table 6.1.19.1.2-2 below:

Table 6.1.19.1.2-2: Band 1 and Band 5 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	2 110
	2 170

	2nd order harmonics frequency range (MHz)
	1 738
	1 788
	4 220
	4 340

	3rd order harmonics frequency range (MHz)
	2 607
	2 682
	6 330
	6 510

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 216
	1 301
	2 979
	3 064

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	322
	432
	3 326
	3 471

	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)
	3 848
	3 958
	5 089
	5 234

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	809
	954
	2 085
	2 195

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	849
	914
	2 100
	2 180


It can be seen from table 6.1.19.1.2-2 that the 3rd IMD products caused by BS supporting carrier aggregation of Band 1 and Band 5 may fall into the BS receive bands of Band 5, 6, 8, 18, 19, 20, 22, 26, 27 and 42. However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 5, 6, 18, 19, 26 and 27.

It should be noted that Bands 4, 9, 10, 20, and 22 are not intended for use in the same geographical area as Band 1 and 5. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 3, 8, 38, 41 and 42. 
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the harmonics and IMD interference generated within the Bands 3, 8, 38, 41 and 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization. 
Therefore, it is recommended that Band 1 and 5 BS transmitters should not share the same antenna with Band 3, 8, 38, 41 or 42 BS receivers for the affected frequency ranges.
6.1.19.1.3
ΔTIB,c and ΔRIB (1 UL) 
For the UE which supports CA_1A-5A with 2DLs and 1UL, the ΔTIB,c is defined for applicable bands in table 6.1.19.1.3-1.
Table 6.1.19.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-5A
	1
	0,3

	
	5
	0,3


For the UE which supports CA_1A-5A with 2DLs and 1UL, the ΔRIB is defined for applicable bands in table 6.1.19.1.3-2.
Table 6.1.19.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-5A
	1
	0

	
	5
	0


6.1.20
LTE Advanced Carrier Aggregation of Band 12 and Band 30
6.1.20.0
Inter-band CA operating bands
CA_12-30 is designed to operate in the operating bands in table 6.1.20-1.

Table 6.1.20-1: 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_12-30
	12
	699 MHz
	–
	716 MHz
	5, 10 
(see note)
	729 MHz
	–
	746 MHz
	5, 10
	FDD

	
	30
	2 305 MHz
	–
	2 315 MHz
	5, 10 
(see note)
	2 350 MHz
	–
	2 360 MHz
	5, 10
	

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


6.1.20.1
List of specific combination issues

6.1.20.1.1
Channel bandwidths per operating band for CA

Table 6.1.20.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	CA_12A-30A
	12
	
	
	Yes
	Yes
	
	
	0

	
	30
	
	
	Yes
	Yes
	
	
	


6.1.20.1.2
Co-existence studies for CA_12-30

6.1.20.1.2.0
Impact of harmonic interference

As shown in table 6.1.20.1.2-1, the harmonic frequencies of Band 12 and Band 30 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.1.20.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	12
	699
	716
	729
	746
	1 398
	1 432
	2 097
	2 148
	1 458
	1 492
	2 187
	2 238

	30
	2 305
	2 315
	2 350
	2 360
	4 610
	4 630
	6 915
	6 945
	4 700
	4 720
	7 050
	7 080


6.1.20.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 12 and Band 30 DL carriers can be calculated as shown in table 6.1.20.1.2.1-1 below:

Table 6.1.20.1.2.1-1: Band 12 and Band 30 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	729
	746
	2 350
	2 360

	2nd order harmonics frequency range (MHz)
	1 458
	1 492
	4 700
	4 720

	3rd order harmonics frequency range (MHz)
	2 187
	2 238
	7 050
	7 080

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 604
	1 631
	3 079
	3 106

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	858
	902
	3 954
	3 991

	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)
	3 808
	3 852
	5 429
	5 466

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	719
	756
	2 333
	2 377

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	719
	756
	2 340
	2 370


It can be seen from table 6.1.20.1.2.1-1 that the 2nd harmonics of BS transmitting in Bands 12 may fall into the BS receive band of Bands 21, while the 2nd IMD products of BS transmitting in Bands 12 and 30 may fall into the BS receive band of Band 24, and the 3rd IMD products supporting CA of Band 12 and Band 30 may fall into the BS receive band of Bands 8, 20, 28, 40 and 44. Note that the calculation in table 6.1.20.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 17 MHz DL frequency of Band 12 and the whole 10 MHz DL frequency of Band 30. However, even if the BS is only transmitting an up to 10 MHz DL in Band 12 and an up to 10 MHz DL in Band 30 as stated in the WIDS, the 3rd IMD products may still fall into the BS receive band of Bands 8, 20, 28, 40 and 44 as shown in the last row in table 6.1.20.1.2.1-1.

It should be noted that Bands 8, 20, 21, 28, 40 and 44 are not intended for use in the same geographical area as Bands 12 and 30. Therefore, the focus here will be on the IMD falling into Band 24.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 24 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 12 and 30 BS transmitters do not share the same antenna with Band 24 BS receiver.

Therefore, it is recommended that Bands 12 and 30 BS transmitters should not share the same antenna with Band 24 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 2nd order PIM specification so that the PIM will not cause Band 24 BS receiver desensitization.

6.1.20.1.3
ΔTIB,c and ΔRIB (1 UL)

For the UE which supports CA_12A-30A the ΔTIB,c is defined for applicable bands in table 6.1.20.1.3-1.
Table 6.1.20.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_12A-30A
	12
	0,3

	
	30
	0,3


For the UE which supports CA_12A-30A the ΔRIB is defined for applicable bands in table 6.1.20.1.3-2.
Table 6.1.20.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_12A-30A
	12
	0

	
	30
	0


6.1.21
LTE Advanced Carrier Aggregation of Band 1 and Band 20

6.1.21.0
Inter-band CA operating bands
CA_1A-20A is designed to operate in the operating bands defined in table 6.1.21-1.

Table 6.1.21-1: Inter band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low  – FUL_high
	
	FDL_low  – FDL_high
	
	

	CA_1-20
	1
	1 920 MHz
	–
	1 980 MHz
	5, 10, 15, 20 
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	20
	832 MHz
	–
	862 MHz
	5, 10, 15, 20
	791 MHz
	–
	821 MHz
	5, 10, 15, 20
	


6.1.21.1
List of specific combination issues

6.1.21.1.1
Channel bandwidths per operating band for CA

Table 6.1.21.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

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

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-20A
	1
	
	
	Yes
	Yes
	Yes
	
	25
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.1.21.1.2
Co-existence studies for CA_1-20

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 20 DL carriers can be calculated as shown in table 6.1.21.1.2-1 below:

Table 6.1.21.1.2-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2 110
	2 170

	2nd order harmonics frequency range (MHz)
	1 582 to 1 642
	4 220 to 4 340

	3rd order harmonics frequency range (MHz)
	2 373 to 2 463
	6 330 to 6 510

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	1 289 to 1 379
	2 901 to 2 991

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	IMD frequency range (MHz)
	468 to 588

3 692 to 3 812
	3 399 to 3 549

5 011 to 5 161

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	771 to 841
	2 090 to 2 190


As it can be seen from table 6.1.21.1.2-1, the 2nd and 3rd order harmonics from BS transmitting in Band 20 may fall in the BS receive band of Bands 24, 40. 3rd order IMD products may fall into the BS receive band of Bands 5, 6, 13, 14, 18, 19, 20, 22, 26, 27, 28, 42, 43, 44.

Note that the calculation in table 6.1.21.1.2-1 (except the last row) assumes the BS is transmitting with the whole 30 MHz DL frequency of Band 20 and the whole 60 MHz DL frequency of Band 1. If the BS is only transmitting up to 10 MHz DL in Band 20 and up to 15 MHz DL in Band 1 as stated in the WID, then the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 5, 6, 13, 14, 18, 19, 20, 26, 27, of which only Band 20 is intended to be used in the same geographical area.

The transmit configurations of the BS transmitting in Bands 1+20 with 3rd IMD products into Band 20 receive band are:
Table 6.1.21.1.2-2: Band (1 + 20) BS transmit configurations with 3rd IMD within 
Bands 20 BS receive band (832-862MHz)

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

	5
	816 - 821
	5
	811 - 826

	5
	816 - 821
	10
	806 - 831

	5
	816 - 821
	15
	801 - 836 

	5
	816 - 821
	20
	796 - 841

	10
	811 - 821
	5
	806 - 826

	10
	811 - 821
	10
	801 – 831

	10
	811 - 821
	15
	796 - 836

	10
	811 - 821
	20
	791 - 841

	15
	806 - 821
	5
	801 - 826

	15
	806 - 821
	10
	796 - 831

	15
	806 – 821
	15
	791 - 836

	15
	806 – 821
	20
	786 - 841

	20
	801 - 821
	5
	796 – 826

	20
	801 - 821
	10
	791 - 831

	20
	801 - 821
	15
	786 - 836

	20
	801 - 821
	20
	781 - 841


As it can be seen from table 6.1.21.1.2-2 only when Band 1 uses 15MHz or 20MHz there may be IMD products falling into Band 20 receive band. In such cases, it could be necessary to avoid sharing the same RF path for both transmitter and receiver side, or avoid such configurations in the BS.

In table 6.1.21.1.2-3 the harmonic interference study is provided from UL perspective for Band 1 and 20. It can be seen that the harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 6.1.21.1.2-3. Therefore it can be concluded that there is no issue on harmonic interference.

Table 6.1.21.1.2-3: Impact of UL Harmonic Interference

	
	
	
	2nd Harmonic
	3rd Harmonic

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

	1
	1 920
	1 980
	3 840
	3 960
	5 760
	5 940

	20
	832
	862
	1 664
	1 724
	2 496
	2 586


6.1.21.1.3
∆TIB and ∆RIB values

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

Table 6.1.21.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_1A-20A
	1
	0,3

	
	20
	0,3


Table 6.1.21.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_1A-20A
	1
	0

	
	20
	0


6.1.22
LTE Advanced Carrier Aggregation of Band 3 and Band 20

6.1.22.0
Inter-band CA operating bands
CA_3A-20A is designed to operate in the operating bands defined in table 6.1.22-1.

Table 6.1.22-1: 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
	1 710 MHz
	–
	1 785 MHz
	1 805 MHz
	–
	1 880 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


6.1.22.1
List of specific combination issues

6.1.22.1.1
Channel bandwidths per operating band for CA

Table 6.1.22.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

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

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.1.22.1.2
Co-existence studies for CA_3-20

Table 6.1.22.1.2-1 shows harmonics frequency limits and Table 6.1.22.1.2-2 intermodulation products frequency limits for CA of Band 3 and Band 20, respectively. Harmonics and intermodulation product problems are summarized below the relevant Table.
Table 6.1.22.1.2-1: DL harmonics frequency limits for CA of Band 3 and Band 20

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	1 805
	1 880

	2nd order harmonics frequency range (MHz)
	1 582 to 1 642
	3 610 to 3 760

	3rd order harmonics frequency range (MHz)
	2 373 to 2 463
	5 415 to 5 640


As shown in Table 6.1.22.1.2-1, second and third harmonics may fall to UL frequencies of Band 24, 40 or 43. 

Table 6.1.22.1.2-2: DL intermodulation products frequency limits for CA of Band 3 and Band 20
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	1 805
	1 880

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	984 to 1 089
	2 596 to 2 701

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
	(2*f1_high – f2_low(
	(2*f2_low – f1_high(
	(2* f2_high – f1_low(

	IMD frequency range (MHz)
	163 to 298
	2 789 to 2 969

	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 range (MHz)
	3 387 to 3 522
	4 401 to 4 581

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	771 to 841
	1 785 to 1 900


As shown in Table 6.1.22.1.2-2, second order intermodulation products may fall to UL frequencies of Band 38 or 41.

Third intermodulation products may fall to UL frequencies of Band 2, 5-6, 13-14, 18-20, 22, 25-27, 35, 39, 42 or 44. It should be noted intermodulation products may fall to own receive block of Band 20 (highlighted in Table 6.1.22.1.2-2). As this combination is Low-High frequency combination, it is assumed there will be no issue as separate antennas will be used for Band 3 and Band 20.

It is suggested BS transmitters supporting CA of Band 3 and Band 20 should not share the same antenna with Band 2, 5-6, 13-14, 18-20, 22, 24-27, 35 or 38-44 BS receiver, unless the antenna path meets very stringent third order PIM specification so that the PIM will not cause Band 2, 5-6, 13-14, 18-20, 22, 24-27, 35 or 38-44 BS receiver desensitization.

6.1.22.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 3 and Band 20.

Table 6.1.22.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_3A-20A
	3
	0,3

	
	20
	0,3


Table 6.1.22.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_3A-20A
	3
	0

	
	20
	0


6.1.23
LTE Advanced Carrier Aggregation of Band 7 and Band 20

6.1.23.0
Inter-band CA operating bands
CA_7A-20A is designed to operate in the operating bands defined in table 6.1.23-1.

Table 6.1.23-1: 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_7-20
	7
	2 500 MHz
	–
	2 570 MHz
	2 620 MHz
	–
	2 690 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


6.1.23.1
List of specific combination issues

6.1.23.1.1
Channel bandwidths per operating band for CA

Table 6.1.23.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

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

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.1.23.1.2
Co-existence studies for CA_7-20

Table 6.1.23.1.2-1 shows harmonics frequency limits and Table 6.1.23.1.2-2 intermodulation products frequency limits for CA of Band 7 and Band 20, respectively. Harmonics and intermodulation product problems are summarized below the relevant Table.
Table 6.1.23.1.2-1: DL harmonics frequency limits for CA of Band 7 and Band 20

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2 620
	2 690

	2nd order harmonics frequency range (MHz)
	1 582 to 1 642
	5 240 to 5 380

	3rd order harmonics frequency range (MHz)
	2 373 to 2 463
	7 860 to 8 070


As shown in Table 6.1.23.1.2-1, second and third harmonics may fall to UL frequencies of Band 24 or 40. 

Table 6.1.23.1.2-2: DL intermodulation products frequency limits for CA of Band 7 and Band 20
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2 620
	2 690

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	1 799 to 1 899
	3 411 to 3 511

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
	(2*f1_high – f2_low(
	(2*f2_low – f1_high(
	(2* f2_high – f1_low(

	IMD frequency range (MHz)
	978 to 1 108
	4 419 to 4 589

	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 range (MHz)
	4 202 to 4 332
	6 031 to 6 201

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	771 to 841
	2 600 to 2 710


As shown in Table 6.1.23.1.2-2, second order intermodulation products may fall to UL frequencies of Band 2, 22, 25, 35, 39 or 42.

Third intermodulation products may fall to UL frequencies of Band 5-6, 13-14, 18-20, 26-27, 38, 41 or 44. It should be noted intermodulation products may fall to own receive block of Band 20 (highlighted in Table 6.1.23.1.2-2). As this combination is Low-High frequency combination, it is assumed there will be no issue as separate antennas will be used for Band 7 and Band 20.

It is suggested BS transmitters supporting CA of Band 7 and Band 20 should not share the same antenna with Band 2, 5-6, 13-14, 18-20, 22, 24-27, 35, 38-42 or 44 BS receiver, unless the antenna path meets very stringent third order PIM specification so that the PIM will not cause Band 2, 5-6, 13-14, 18-20, 22, 24-27, 35, 38-42 or 44 BS receiver desensitization.

6.1.23.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 7 and Band 20.

Table 6.1.23.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_7A-20A
	7
	0,3

	
	20
	0,3


Table 6.1.23.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_7A-20A
	7
	0

	
	20
	0


6.1.24
LTE Advanced Carrier Aggregation of Band 4 and Band 12

6.1.24.1
List of specific combination issues

6.1.24.1.1
Channel bandwidths per operating band for CA

LTE inter-band carrier aggregation configuration CA_4A-12A should be operated in E-UTRA CA band CA_4-12 as specified in table 6.1.24.1.1-1.

Table 6.1.24.1.1-1: CA_4-12 operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band

	
	
	BS receive / UE transmit
	BS transmit / UE receive 

	
	
	FUL_low  – FUL_high
	FDL_low  – FDL_high

	CA_4-12
	4
	1 710 MHz
	–
	1 755 MHz 
	2 110 MHz 
	–
	2 155 MHz

	
	12
	699 MHz
	–
	716 MHz 
	729 MHz 
	–
	746 MHz


LTE inter-band carrier aggregation configuration CA_4A-12A should be operated with E-UTRA channel bandwidths as specified in table 6.1.24.1.1-2

Table 6.1.24.1.1-2: CA_4A-12A channel bandwidths

	E-UTRA CA configuration / Bandwidth combination set
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA 
Bands
	1,4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	 
	
	Yes
	Yes
	
	
	
	

	
	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	12
	 
	 Yes 
	Yes
	Yes
	 
	 
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	3

	
	12
	
	
	Yes
	Yes 
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	4

	
	12
	
	
	Yes
	Yes
	
	
	
	


6.1.24.1.2
Co-existence studies for CA_4-12

6.1.24.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 4 and Band 12 DL carriers can be calculated as shown in Table 6.1.24.1.2.1-1 below:

Table 6.1.24.1.2.1-1: Band 4 and Band 12 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	729
	746
	2 110
	2 155

	2nd order harmonics frequency range (MHz)
	1 458
	1 492
	4 220
	4 310

	3rd order harmonics frequency range (MHz)
	2 187
	2 238
	6 330
	6 465

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 364
	1 426
	2 839
	2 901

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	618
	697
	3 474
	3 581

	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)
	3 568
	3 647
	4 949
	5 056

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	684
	791
	2 093
	2 172

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	709
	766
	2 100
	2 165


It can be seen from Table 6.1.24.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 12 may fall into the BS receive band of Band 21, while the 3rd IMD products caused by BS supporting CA of Band 4 and Band 12 may fall into the BS receive band of Bands 12, 13, 14, 17, 22, 28, 42, 43 and 44. Note that the calculation in Table 6.1.24.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 45 MHz DL frequency of Band 4 and the whole 17 MHz DL frequency of Band 12. If the BS is only transmitting an up to 20 MHz DL in Band 4 and an up to 10 MHz DL in Band 1 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 12, 17, 22, 28, 42, 43 and 44 as shown in the last row in Table 6.1.24.1.2.1-1, and the 3rd IMD products will not fall into the BS own (up to 10 MHz) receive block within Band 12, and may only fall into the BS receive band of certain frequency range within Band 12 and Band 17 under the transmit configurations shown in Table 6.1.24.1.2.1-2 below.

Table 6.1.24.1.2.1-2: Band (4 + 12) BS transmit configurations with 3rd IMD within Bands 12 and 17 BS receive band

	Band 4 DL channel bandwidth (MHz)
	Band 12 DL channel bandwidth (MHz)
	Lower edge of Band 12 DL frequency block (MHz)
	Lower edge of IMD frequency limits (MHz)

	15
	5 or 10
	729 – 730,9
	714 – 715,9

	20
	5 or 10
	729 – 735,9
	709 – 715,9


It should be noted that Bands 21, 28 and 44 are not intended for use in the same geographical area as Bands 4 and 12. Therefore, the focus here will be on the IMD falling into Bands 12, 17, 22, 42 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22, 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 4 and 12 BS transmitters do not share the same antenna with Band 22, 42 or 43 BS receiver.

On the other hand, it is recommended that Bands 4 and 12 BS transmitters should not share the same antenna with Band 22, 42 or 43 BS receiver, or Band 12 or 17 BS receiver for the affected frequency ranges if the aforementioned BS transmit configurations are used, in order to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 12, 17, 22, 42 or 43BS receiver desensitization.

6.1.25
LTE Advanced Carrier Aggregation of Band 7 and Band 12

6.1.25.1
List of specific combination issues

6.1.25.1.1
Channel bandwidths per operating band for CA

LTE inter-band carrier aggregation configuration CA_7A-12A should be operated in E-UTRA CA band CA_7-12 as specified in table 6.1.25.1.1-1.

Table 6.1.25.1.1-1: CA_7-12 operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band

	
	
	BS receive / UE transmit
	BS transmit / UE receive 

	
	
	FUL_low  – FUL_high
	FDL_low  – FDL_high

	CA_4-12
	7
	2 500 MHz
	–
	2 570 MHz 
	2 620 MHz 
	–
	2 690 MHz

	
	12
	699 MHz
	–
	716 MHz 
	729 MHz 
	–
	746 MHz


LTE inter-band carrier aggregation configuration CA_7A-12A should be operated with E-UTRA channel bandwidths as specified in table 6.1.25.1.1-2

Table 6.1.25.1.1-2: CA_7A-12A channel bandwidths

	E-UTRA CA configuration / Bandwidth combination set
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA 
Bands
	1,4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	
	

	CA_7A-12A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	12
	
	
	Yes
	Yes
	
	
	
	


6.1.25.1.2
Co-existence studies for CA_7-12

6.1.25.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 7 and Band 12 DL carriers can be calculated as shown in Table 6.1.25.1.2.1-1 below:

Table 6.1.25.1.2.1-1: Band 7 and Band 12 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	729
	746
	2 620
	2 690

	2nd order harmonics frequency range (MHz)
	1 458
	1 492
	5 240
	5 380

	3rd order harmonics frequency range (MHz)
	2 187
	2 238
	7 860
	8 070

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 874
	1 961
	3 349
	3 436

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	1 128
	1 232
	4 494
	4 651

	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)
	4 078
	4 182
	5 969
	6 126

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	659
	816
	2 603
	2 707

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	709
	766
	2 610
	2 700


It can be seen from Table 6.1.25.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 12 may fall into the BS receive band of Band 21, while the 2nd IMD products caused by BS supporting CA of Band 7 and Band 12 may fall into the BS receive band of Bands 1, 2, 22, 25, 33, 35, 36, 37, 39 and 42. In addition to this, 3rd order IMD products may fall in Bands 12, 13, 14, 17, 18, 26, 27, 28, 38, 41 and 44. Note that the calculation in Table 6.1.25.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 70 MHz DL frequency of Band 7 and the whole 17 MHz DL frequency of Band 12. If the BS is only transmitting up to 20 MHz DL in Band 7 and an up to 10 MHz DL in Band 12 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 12, 17, 28, 38, 41 and 44 as shown in the last row in Table 6.1.25.1.2.1-1, and the 3rd IMD products will not fall into the BS own (up to 10 MHz) receive block within Band 12, and may only fall into the BS receive band of certain frequency range within Band 12 under the transmit configurations shown in Table 6.1.25.1.2.1-2 below.

Table 6.1.25.1.2.1-2: Band (7 + 12) BS transmit configurations with 3rd IMD within Bands 12 BS receive band

	Band 7 DL channel bandwidth (MHz)
	Band 12 DL channel bandwidth (MHz)
	Lower edge of Band 12 DL frequency block (MHz)
	Lower edge of IMD frequency limits (MHz)

	15
	5 or 10
	729 – 730,9
	714 – 715,9

	20
	5 or 10
	729 – 735,9
	709 – 715,9


It should be noted that Bands 1, 28 and 44 are not intended for use in the same geographical area as Bands 7 and 12. Also, bands 33, 35, 36, 37, 38 and 39 are not intended for use in the same geographical area as band 7 and 12. Therefore, the focus here will be on the IMD falling into Bands 2, 12, 17, 22 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 7 and 12 BS transmitters do not share the same antenna with Band 22 or 42 BS receiver.

In addition to this, it is recommended that Bands 7 and 12 BS transmitters should not share the same antenna with Band 26 BS receiver, or Band 12 BS receiver for the affected frequency ranges if the aforementioned BS transmit configurations are used, in order to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 12, 17, 22 or 42 BS receiver desensitization.

6.1.25.1.3
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.1.25.1.3-1.
Table 6.1.25.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7A-12A
	7
	0,3

	
	12
	0,3


For the UE which supports inter-band carrier aggregation configuration in Table 6.1.25.1.1-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) should be increased by the amount given in ΔRIB,c in Table 6.1.25.1.3-2 for the applicable E-UTRA bands.
Table 6.1.25.1.3-2: ΔRIB,c

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

	CA_7A-12A
	7
	0

	
	12
	0


6.2
Class A2. Low-high band combination with harmonic relation between bands
6.2.1
LTE Advanced Carrier Aggregation of Band 1 and Band 28 (1 UL)

6.2.1.0
Inter-band CA operating bands
CA_1A-28A is designed to operate in the operating bands defined in table 6.1.22-1.

Table 6.2.1-1: 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_1-28
	1
	1 920 MHz
	–
	1 980 MHz
	2 110 MHz
	–
	2 170 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


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: Supported E-UTRA bandwidths per CA configuration for inter-band CA

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

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-28A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_1A-28A
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	28
	
	
	Yes
	Yes
	
	
	
	


6.2.1.1.2
Co-existence studies for 1UL/2DL

6.2.1.1.2.0
Impact of harmonic interference

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 28 DL carriers can be calculated as shown in table 6.2.1.1.2.1-1 below:

Table 6.2.1.1.2-1: Band 1 and Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	2 110
	2 170

	2nd order harmonics frequency range (MHz)
	1 516
	1 606
	4 220
	4 340

	3rd order harmonics frequency range (MHz)
	2 274
	2 409
	6 330
	6 510

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 307
	1 412
	2 868
	2 973

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	504
	654
	3 417
	3 582

	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)
	3 626
	3 776
	4 978
	5 143

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	698
	863
	2 065
	2 215

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	738
	823
	2 090
	2 190


It can be seen from table 6.2.1.1.2-1 that that the 3rd harmonics of BS transmitting in Bands 28 may fall into the BS receive band of Bands 30 and 40, while the 3rd IMD products supporting CA of Band 1 and Band 28 may fall into the BS receive band of Bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 22, 26, 27, 28, 42, 43 and 44. Note that the calculation in table 6.2.1.1.2-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 1 and the whole 45 MHz DL frequency of Band 28. If the BS is only transmitting an up to 20 MHz DL in Band 1 and an up to 20 MHz DL in Band 28 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 13, 14, 18, 22, 26, 27, 28, 42, 43 and 44 as shown in the last row in table 6.2.1.1.2-1. Moreover, the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 18, 26, 27 and 28 under the transmit configurations shown, respectively, in tables 6.2.1.1.2-2, 6.2.1.1.2-3, 6.2.1.1.2-4 and 6.2.1.1.2-5 below. Note that the available frequency range for mobile cellular communications in Japan is 718 – 748 MHz for UL and 773 – 803 MHz for DL.

Table 6.2.1.1.2-2: Band (1 + 28) BS transmit configurations with 3rd IMD within 
Band 18 BS receive band

	Band 28 DL channel bandwidth (MHz)
	Higher edge of Band 28 DL frequency block (MHz)
	Band 1 DL channel bandwidth (MHz)
	Higher edge of IMD frequency limits (MHz)

	5, 10, 15 or 20
	800,1 – 803
	15
	815,1 – 818

	5, 10, 15 or 20
	795,1 – 803
	20
	815,1 – 823


Table 6.2.1.1.2-3: Band (1 + 28) BS transmit configurations with 3rd IMD within 
Band 26 BS receive band

	Band 28 DL channel bandwidth (MHz)
	Lower edge of Band 28 DL frequency block (MHz)
	Band 1 DL channel bandwidth (MHz)
	Higher edge of IMD frequency limits (MHz)

	5, 10, 15 or 20
	799,1 – 803
	15
	814,1 – 818

	5, 10, 15 or 20
	794,1 – 803
	20
	814,1 – 823


Table 6.2.1.1.2-4: Band (1 + 28) BS transmit configurations with 3rd IMD within 
Band 27 BS receive band

	Band 28 DL channel bandwidth (MHz)
	Higher edge of Band 28 DL frequency block (MHz)
	Band 1 DL channel bandwidth (MHz)
	Higher edge of IMD frequency limits (MHz)

	5, 10, 15 or 20
	792,1 – 803
	15
	807,1 – 818

	5, 10, 15 or 20
	787,1 – 803
	20
	807,1 – 823


Table 6.2.1.1.2-5: Band (1 + 28) BS transmit configurations with 3rd IMD within 
Band 28 BS receive band

	Band 28 DL channel bandwidth (MHz)
	Lower edge of Band 28 DL frequency block (MHz)
	Band 1 DL channel bandwidth (MHz)
	Lower edge of IMD frequency limits (MHz)

	5, 10, 15 or 20
	758 – 762,9
	15
	743 – 747,9

	5, 10, 15 or 20
	758 – 767,9
	20
	738 – 747,9


It should be noted that Bands 13, 14, 30, 40 and 43 are not intended for use in the same geographical area as Bands 1 and 28. Moreover, co-location of Band (1 + 28) transmitter and Band 44 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the IMD falling into Bands 18, 22, 26, 27, 28 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1 and 28 BS transmitters do not share the same antenna with Band 22 or 42 BS receiver.

On the other hand, it is recommended that Bands 1 and 28 BS transmitters should not share the same antenna with Band 22 or 42 BS receiver, or Band 18, 26, 27 or 28 BS receiver for the affected frequency ranges if the aforementioned BS transmit configurations are used, in order to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 18, 22, 26, 27, 28 or 42 BS receiver desensitization.

6.2.1.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_1A-28A the ΔTIB,c is defined for applicable bands in table 6.2.1.1.3-1.
Table 6.2.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-28A
	1
	0,3

	
	28
	0,6


For the UE which supports CA_1A-28A the ΔRIB is defined for applicable bands in table 6.2.1.1.3-2.
Table 6.2.1.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-28A
	1
	0

	
	28
	0,2


6.2.1.1.4
Maximum sensitivity reduction for Band 1

When Band 1 DL is operated simultaneously with Band 28 UL there is a potential self-interference situation as the third harmonic of Band 28 UL will be on the same frequency range as the Band 1 DL. It is agreed that 3GPP will set the limit for this interference by specifying maximum sensitivity degradation (MSD) in TS 36.101 [4]. After intensive discussion in RAN4, required MSDs are specified in Table 6.2.1.1.4-1. 
Table 6.2.1.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)
 without HTF

	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_1A-28A5,6
	1
	
	
	[-89,8]
	[-89,4]
	[-89]
	[-88,7]
	FDD

	
	28
	
	
	-98,3
	-95,3
	-93,5
	-90,8
	

	NOTE 1:
The transmitter should be set to PUMAX as defined in subclause 6.2.5A of TS 36.101.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 3:
The signal power is specified per port.
NOTE 4:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 of TS36.101 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band. 
NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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6.3
Class A3. Low-low or high-high band combinations 
6.3.1
LTE-Advanced Carrier Aggregation of Band 1 and Band 7 (1 UL)

6.3.1.0
Inter-band CA operating bands
Table 6.3.1-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high 
	
	FDL_low – FDL_high 
	
	

	CA_1-7
	1
	1 920 MHz
	–
	1 980 MHz
	15
	2 110 MHz
	–
	2 170 MHz
	15
	FDD

	
	7
	2 500 MHz
	–
	2 570 MHz
	15, 20
	2 620 MHz
	–
	2 690 MHz
	15, 20
	


6.3.1.1
List of specific combination issues

6.3.1.1.1
Channel bandwidths per operating band for CA

Table 6.3.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-7A
	1
	
	
	
	
	Yes
	

	
	7
	
	
	
	
	Yes
	Yes


6.3.1.1.2
Co-existence studies for 1UL/2DL

Table 6.3.1.1.2-1 gives the intermodulation products for band 1 + band 7 CA with 2DLs. For the 3-tone IMD analysis the maximum transmission as defined in table 6.3.1.1.1-1 is considered. Three-tone third order IMD products will not fall into the BS own receive block if the frequency range as defined with the channel bandwidths given in table 6.3.1.1.1-1 are used for the more detailed IMD calculation.

Considering bands in the same geographical area it is observed that the BS distortion could fall into the BS receive bands of band 3. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters the IMDs generated within the band 3 receiver should be well below the receiver noise floor eliminating the possibility of receiver desensitization. Provided that the bands 1 and 7 BS transmitters should not share the same antenna with band 3 BS receiver.

Table 6.3.1.1.2-1: 2DLs B1 + B7 IMD products 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 110
	2 170
	2 620
	2 690

	2nd order harmonics frequency range (MHz)
	4 220 to 4 340
	5 240 to 5 380

	3rd order harmonics frequency range (MHz)
	6 330 to 6 510
	7 860 to 8 070

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	450 to 580
	4 730 to 4 860

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f2_high + f1_high)

	IMD frequency range (MHz)
	1 530 to 1 720

6 840 to 7 030
	3 070 to 3 270

7 350 to 7 550

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	2 090 to 2 190
	2 605 to 2 705


Table 6.3.1.1.2-2 gives the intermodulation products for band 1+ band 7 CA with 1UL. None of the intermodulation products fall into the own and any other receive bands. 

Table 6.3.1.1.2-2: 1UL B1 + B7 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1 920
	1 980
	2 500
	2 570

	2nd order harmonics frequency range (MHz)
	3 840 to 3 960
	5 000 to 5 140

	3rd order harmonics frequency range (MHz)
	5 760 to 5 940
	7 500 to 7 710


6.3.1.1.3
∆TIB and ∆RIB values

The reported additional IL (Insertion Loss) values, based on implementation/simulation data, under ETC (Extreme Temperature Conditions) for combining band 1 and band 7, for each of the Tx and Rx paths, are shown in table 6.3.1.1.3-1.

Table 6.3.1.1.3-1: IL values for band 1 + 7 diplexer and quadplexers (under ETC) 

	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB) 
	IL (dB)
	IL (dB)

	1 Tx
	0,4
	0,7
	0,4
	1,2
	0,85
	1,1

	1 Rx
	0,37
	0,7
	0,2
	1,4
	0,98
	0,7

	7 Tx
	0,63
	1,2
	0,7
	1,2
	1,02
	1,2

	7 Rx
	0,58
	1,2
	0,4
	0,6
	0,84
	0,8


For the reported additional IL values, the corresponding average additional IL values for the Tx and the Rx paths, from [2], are shown in table 6.3.1.1.3-2:

Table 6.3.1.1.3-2: Average Tx and Rx IL for combining band 1 and band 7 (under ETC)

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL [dB]
	Rx IL [dB]

	
[image: image7.wmf]IL


	1
	0,80
	0,70

	
	7
	1,03
	0,90


For two simultaneous DLs and one UL the (TIB,c and (RIB values, from [2], are shown in table 6.3.1.1.3-3, and in table 6.3.1.1.3-4:

Table 6.3.1.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-7A
	1
	0,5

	
	7
	0,6


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

	CA_1A-7A
	1
	0,0

	
	7
	0,05


6.3.2
LTE-Advanced Carrier Aggregation of Band 39 and Band 41

6.3.2.0
Inter-band CA operating bands
Table 6.3.2-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low  – FUL_high
	
	FDL_low  – FDL_high
	
	

	CA_39-41
	39
	1 880 MHz
	–
	1 920 MHz
	10, 15, 20 
(see note)
	1 880 MHz
	–
	1 920 MHz
	10, 15, 20
	TDD

	
	41
	2 496 MHz
	–
	2 690 MHz
	20 (see note)
	2 496 MHz
	–
	2 690 MHz
	20
	

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


6.3.2.1
List of specific combination issues

6.3.2.1.1
Channel bandwidths per operating band for CA

Table 6.3.2.1.1-1: 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

	CA_39-41A
	39
	
	
	
	Yes
	Yes
	Yes

	
	41
	
	
	
	
	
	Yes


6.3.2.1.2
Co-existence studies for 1UL/2DL

Table 6.3.2.1.2-1 gives the intermodulation products for band 39 + band 41 CA with 2 DLs. For the 3-tone IMD analysis the maximum transmission as defined in table 6.3.2.1.1-1 is considered. None of the harmonics of one band fall into the receive band of the other. The intermodulation products generated by two operating bands do not impact the own receiver since TDD BS cannot transmit and receive simultaneously in a single band.

All the possible interference to other operating bands is listed in table 6.3.2.1.2-2. It can be seen in the table that 2nd order harmonics may fall into BS receive band of band 43, two-tone 2nd order IMD products may fall into BS receive band of band 12, 13, 14,17, 27, 28, 44, two-tone 3rd order IMD products may fall into BS receive band of band 22 and band 42, and three-tone 3rd order IMD products caused by BS supporting carrier aggregation of band 39 and band 41 may fall into the BS receive band of band 1, 2, 7, 25, 33, 35, 36, 37, 38.

Currently Bands 1, 42 and 44 are used in the same geographical area as Bands 39 and 41. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 1, 42 or 44 receiver would be well below the receiver noise floor, in order to avoid the possibility of receiver desensitization. Thus it is recommended that Bands 39 and 41 BS transmitters do not share the same antenna with Band 1, 42 or 44 BS receivers, unless the antenna path meets more stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 1, 42 or 44 BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

Table 6.3.2.1.2-1: 2 DLs B39 + B41 harmonics and IMD products frequency limits

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 880
	1 920
	2 496
	2 690

	2nd order harmonics frequency range (MHz)
	3 760 to 3 840
	4 992 to 5 380

	3rd order harmonics frequency range (MHz)
	5 640 to 5 760
	7 488 to 8 070

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	575 to 810
	4 376 to 4 610

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
	(2*f1_high – f2_low(
	(2*f2_low – f1_high(
	(2* f2_high – f1_low(

	IMD frequency range (MHz)
	1 070 to 1 344
	3 072 to 3 500

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2(
	(f1_high + 
max BW f2(
	(f2_low – 
max BW f1(
	(f2_high + 
max BW f1(

	IMD frequency range (MHz)
	1 860 to 1 940
	2 476 to 2 710


Table 6.3.2.1.2-2: possible interference to other bands

	Victim Bands
	Receiver frequency range (MHz)
	Interference type
	Interference frequency range (MHz)

	Band 1
	1 920 to 1 980
	Three-tone 3rd order IMD products
	1 860 to 1 940

	Band 2
	1 850 to 1 910
	Three-tone 3rd order IMD products
	1 860 to 1 940

	Band 7
	2 500 to 2 570
	Three-tone 3rd order IMD products
	2 476 to 2 710

	Band 12
	699 to 716
	Two-tone 2nd order IMD products
	576 to 810

	Band 13
	777 to 787
	Two-tone 2nd order IMD products
	576 to 810

	Band 14
	788 to 798
	Two-tone 2nd order IMD products
	576 to 810

	Band 17
	704 to 716
	Two-tone 2nd order IMD products
	576 to 810

	Band 22
	3 410 to 3 490
	Two-tone 3rd order IMD products
	3 072 to 3 500

	Band 25
	1 850 to 1 915
	Three-tone 3rd order IMD products
	1 860 to 1 940

	Band 27
	807 to 824
	Two-tone 2nd order IMD products
	576 to 810

	Band 28
	703 to 748
	Two-tone 2nd order IMD products
	576 to 810

	Band 33
	1 900 to 1 920
	Three-tone 3rd order IMD products
	1 860 to 1 940

	Band 35
	1 850 to 1 910
	Three-tone 3rd order IMD products
	1 860 to 1 940

	Band 36
	1 930 to 1 990
	Three-tone 3rd order IMD products
	1 860 to 1 940

	Band 37
	1 910 to 1 930
	Three-tone 3rd order IMD products
	1 860 to 1 940

	Band 38
	2 570 to 2 620
	Three-tone 3rd order IMD products
	2 476 to 2 710

	Band 42
	3 400 to 3 600
	Two-tone 3rd order IMD products
	3 072 to 3 500

	Band 43
	3 600 to 3 800
	2nd order harmonics
	3 760 to 3 840

	Band 44
	703 to 803
	Two-tone 2nd order IMD products
	576 to 810


Table 6.3.2.1.2-3 gives the harmonic products for band 39 + band 41 CA with 1 UL. None of the harmonic products fall into the own receive bands. For the UE, the distortion of band 39 could fall into the UE receive bands for band 43. As currently there is no deployment for band 39&41 and band 43 in the same geographical area, and a UE does not operate simultaneously in B39 + B41 and band 43, this should be not a problem in case the UE supports this band.

Table 6.3.2.1.2-3: 1 UL B39 + B41 harmonic products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1 880
	1 920
	2 496
	2 690

	2nd order harmonics frequency range (MHz)
	3 760 to 3 840
	4 992 to 5 380

	3rd order harmonics frequency range (MHz)
	5 640 to 5 760
	7 488 to 8 070


6.3.2.1.3
UEs supporting or not supporting simultaneous reception and transmission

According to TS 36.331 [5], for inter-band TDD CA, there is an element simultaneous Rx-Tx in the IE UE-EUTRA-Capability described as following.

simultaneousRx-Tx

Indicates whether the UE supports simultaneous reception and transmission on different bands for each band combination listed in supportedBandCombination. This field is only applicable for inter-band TDD carrier aggregation.

According to this capability, two kinds of UEs can be considered for inter-band TDD carrier aggregation, i.e. the UE supporting simultaneous reception and transmission on different bands and the UE not supporting simultaneous reception and transmission on different bands. Accordingly, different UE reference architecture may be considered for UE requirement development depending on the need.

The focus of current TDD inter-band CA is 2DL+1UL not supporting simultaneous Tx/Rx. In this regard, the following reference UE architecture will be used as baseline for UE requirement development. The benefits of this architecture is that there would be no relaxation necessary for maximum output power which is critical for operation uplink coverage.
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Figure 6.3.2.1.3-1: Reference UE architecture for CA_B39_B41 with 2DL+1UL

6.3.2.1.4
ΔTIB,c and ΔRIB,c values
The reported additional IL (Insertion Loss) values, based on implementation/simulation data, under ETC (Extreme Temperature Conditions) for combining band 39 and band 41, for each of the Rx paths, are shown in Table 6.3.2.1.4-1. There is no additional IL for the Tx paths of each band according to the Reference UE architecture in Figure 6.3.2.1.3-1.

Table 6.3.2.1.4-1: Rx IL values for band 39 + 41 diplexer (under ETC)
	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)

	39 Rx
	0,85
	0,8
	0,8
	0,9
	0,75
	0,88
	1,1
	0,8
	0,8

	41 Rx
	0,8
	0,9
	1,2
	0,9
	0,75
	1,0
	1,1
	1,4
	0,7


For the reported additional IL values, the corresponding average additional IL values for the Tx and the Rx paths, are shown in Table 6.3.2.1.4-2:

Table 6.3.2.1.4-2: Average Tx and Rx IL for combining band 39 and band 41 (under ETC)
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL [dB]
	Rx IL [dB]
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	39
	0
	0,85

	
	41
	0
	0,89


For TDD inter-band CA_B39_B41 UE supporting 2DL +1UL without simultaneous Rx/Tx, the (TIB,c and (RIB values are given in Table6.3.2.1.4-3/4.
Table 6.3.2.1.4-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_39A-41A
	39
	0

	
	41
	0


Table 6.3.2.1.4-4: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_39A-41A
	39
	0,2

	
	41
	0,2


6.3.3
LTE-Advanced Carrier Aggregation of Band 8 and Band 27 (1 UL)

6.3.3.0
Inter-band CA operating bands
Table 6.3.3-1: 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_8-27
	8
	880 MHz
	–
	915 MHz
	5, 10
	925 MHz
	–
	960 MHz
	5, 10
	FDD

	
	27
	807 MHz
	–
	824 MHz
	5, 10
	852 MHz
	–
	869 MHz
	5, 10
	


6.3.3.1
List of specific combination issues

6.3.3.1.1
Channel bandwidths per operating band for CA

Table 6.3.3.1.1-1: 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

	CA_8A-27A
	8
	
	
	Yes
	Yes
	
	

	
	27
	
	
	Yes
	Yes
	
	


6.3.3.1.2
Co-existence studies for CA_8-27

6.3.3.1.2.0
Impact of harmonic interference

As shown in table 6.3.3.1.2-1, the harmonic frequencies of Band 8 and Band 27 in UL are away from the receive bands of interest in the DL and therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.3.3.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	8
	880
	915
	925
	960
	1 760
	1 830
	2 640
	2 745
	1 850
	1 920
	1 775
	2 880

	27
	807
	824
	852
	869
	1 614
	1 648
	2 421
	2 472
	1 704
	1 738
	2 556
	2 607


6.3.3.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 8 and Band 27 DL carriers can be calculated as shown in Table 6.3.3.1.2.1-1 below:

Table 6.3.3.1.2.1-1: Band 8 and Band 27 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	852
	869

	2nd order harmonics frequency range (MHz)
	1 850
	1 920
	1 704
	1 738

	3rd order harmonics frequency range (MHz)
	2 775
	2 880
	2 556
	2 607

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	56
	108
	1 777
	1 829

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	981
	1 068
	744
	813

	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)
	2 702
	2 789
	2 629
	2 698

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	908
	977
	817
	904

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	915
	970
	842
	879


It can be seen from Table 6.3.3.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 8 may fall into the BS receive band of Bands 2, 25, 33, 35,37 and 39 and none of 3rd harmonics may fall into the any E-UTRA operating BS receive band. In addition 2nd harmonics of BS transmitting in Band 27 may fall into the BS receive band of Bands 3, 4, 10 and 3rd harmonics may fall into BS receive band of Bands 7, 38 and 41. 
Meanwhile the 2nd IMD products caused by BS supporting carrier aggregation of Band 8 and Band 27 may fall into the BS receive band of Band 3, 9 and 3rd IMD products may fall into the BS receive band of Band 5, 6, 8, 13, 14, 18, 19, 20, 26, 27, 28, 41 and 44. Note that the calculation in Table 6.3.3.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 35 MHz DL frequency of Band 8 and the whole 17 MHz DL frequency of Band 27. 
If the BS is only transmitting an up to 10 MHz DL in Band 8 and 10 MHz in Band 27 as stated in the WIDs, the 3rd IMD products will not fall into the BS receive band of the Band 6, 8, or 18

It should be noted that Bands 2, 4, 10, 13, 14, 18, 19, 20, 25, 33, 35, 37, 38 and 39 are not intended for use in the same geographical area as Bands 8 and 27. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 5, 7, 9, 26, 27, 28, 41 and 44. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 3, 5, 7, 8, 9, 26, 27, 28, 41 or 44 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 27 BS transmitters do not share the same antenna with Band 3, 5, 7, 8, 9, 26, 27, 28, 41 or 44 BS receiver.
6.3.3.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 8 and Band 27.

Table 6.3.3.1.3-1: IB,c 

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



	CA_8A-27A
	8
	[FFS]

	
	27
	[FFS]


Table 6.3.3.1.3-2: RIB 

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



	CA_8A-27A
	8
	[FFS]

	
	27
	[FFS]


6.3.4
LTE-Advanced Carrier Aggregation of Band 1 and Band 3

6.3.4.0
Inter-band CA operating bands
CA_1-3 is designed to operate in the operating bands defined in Table 6.3.4-1.

Table 6.3.4-1: Inter band CA 
	E-UTRA Operating Band
	Uplink (UL) operating band BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low  – FUL_high
	FDL_low  – FDL_high
	

	1
	1 920 MHz 
	–
	1 980 MHz 
	2 110 MHz 
	–
	2 170 MHz
	FDD

	3
	1 710 MHz 
	–
	1 785 MHz
	1 805 MHz 
	–
	1 880 MHz
	FDD


6.3.4.1
List of specific combination issues

6.3.4.1.1
Channel bandwidths per operating band for CA

Table 6.3.4.1.1-1: 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

	CA_1A-3A
	1
	
	
	Yes
	Yes
	Yes
	Yes

	
	3
	
	
	Yes
	Yes
	Yes
	Yes


6.3.4.1.2
Co-existence studies for CA_1-3
Table 6.3.4.1.2-1 gives the harmonics and IMD products for band 1 + band 3 CA with 2DLs. It shows that the second harmonics may fall into BS receive band of Band 43, and no third harmonics will fall into any BS receive band specified by 3GPP. In addition, no second order intermodulation products will fall into any BS receive band. The third order intermodulation products may fall into the BS receive band of Band 2, 7, 11, 21, 24, 25, 35, 39, 40 and 41. 
Note that Band 2, 25 and 35 are not intended for use in the same geographical area as Band 1 and Band 3. It is suggested BS transmitters supporting CA of Band 1 and Band 3 should not share the same antenna with Band 7, 11, 21, 24, 39, 40, 41 and 43 BS receiver, unless the antenna path meets very stringent third order PIM specification so that the PIM will not cause Band 7, 11, 21, 24, 39, 40, 41 and 43 BS receiver desensitization. Specific analysis on the harmonics and IMD products with consideration on the adopted bandwidth and the carrier places are needed if considering the shared antenna.

Table 6.3.4.1.2-1: 2DLs B1 + B3 Harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 110
	2 170
	1 805
	1 880

	2nd order harmonics frequency range (MHz)
	4 220 to 4 340
	3 610 to 3 760

	3rd order harmonics frequency range (MHz)
	6 330 to 6 510
	5 415 to 5 640

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	230 to 365
	3 915 to 4 050

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&(2*f1_low + f2_low)
	(2*f1_high – f2_low(
& (2*f1_high + f2_high)
	(2*f2_low – f1_high(
&(2*f2_low + f1_low)
	(2* f2_high – f1_low(& 

(2*f2_high + f1_high)

	IMD frequency range (MHz)
	2 340 to 2 535
6 025 to 6 220
	1 440 to 1 650
5 720 to 5 930

	Three-tone 3rd order IMD products
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency range (MHz)
	2 090 to 2 190
	1 785 to 1 900


Table 6.3.4.1.2-2 gives the harmonic products for band 1+ band 3 CA with 1UL. None of the harmonic products fall into the own and any other receive bands. 
Table 6.3.4.1.2-2: 1UL B1 + B3 harmonic products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1 920
	1 980
	1 710
	1 785

	2nd order harmonics frequency range (MHz)
	3 840 to 3 960
	3 420 to 3 570

	3rd order harmonics frequency range (MHz)
	5 760 to 5 940
	5 130 to 5 355


6.3.4.1.3
∆TIB and ∆RIB values

The Quadplexer data for CA_B1_B3 was summarized in following table 6.3.4.1.3-1.
Table 6.3.4.1.3-1: Quadplexer data from some companies 

	
	Additional IL
	Isolation

	
	B1 Tx
	B1 Rx
	B3 Tx
	B3 Rx
	B1 Tx to B1 Rx
	B1 Tx to B3 Rx
	B3 Tx to B3 Rx
	B3 Tx to B1 Rx

	R4-143259
	1,4
	1,1
	0,7
	0,9
	No data
	40
	No data
	No data

	R4-143006
	1,9
	1,3
	No data
	No data
	No data
	50
	No data
	No data

	
	0,8
	0,9
	1,2
	1,9
	No data
	46
	No data
	No data

	
	0,3
	0,7
	0,7
	0,5
	No data
	40
	No data
	No data

	R4-143958
	0,7
	0,7
	0,5
	0,8
	60
	60
	60
	60

	
	0,5
	0,3
	0,5
	0,5
	50
	50
	50
	50

	
	0,3
	0,5
	0,2
	0,5
	52
	50
	50
	50

	
	0
	0,1
	0,2
	0,5
	52
	50
	50
	50

	R4-142947
	0,5
	0,3
	0,5
	0,5
	55
	50
	50
	50

	Average
	0,71
	0,66
	0,56
	0,76
	53,8
	48,4
	52
	52

	Median
	0,5
	0,7
	0,5
	0,5
	52
	50
	50
	50


Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 1 and Band 3.

Table 6.3.4.1.3-2: IB,c 

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



	CA_1A-3A
	1
	0,3

	
	3
	0,3


Table 6.3.4.1.3-3: RIB 

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



	CA_1A-3A
	1
	0

	
	3
	0


6.3.5
LTE-Advanced Carrier Aggregation of Band 7 and Band 8

6.3.5.0
Inter-band CA operating bands

CA_7A-8A is designed to operate in the operating bands defined in table 6.3.5-1.

Table 6.3.5-1: 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_7-8
	7
	2 500 MHz
	–
	2 570 MHz
	10, 15, 20
	2 620 MHz
	–
	2 690 MHz
	10, 15, 20
	FDD

	
	8
	880 MHz
	–
	915 MHz
	3, 5, 10
	925 MHz
	–
	960 MHz
	3, 5, 10
	


6.3.5.1
List of specific combination issues

6.3.5.1.1
Channel bandwidths per operating band for CA

Table 6.3.5.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

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

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_7A-8A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	Yes
	Yes
	Yes
	
	
	
	


6.3.5.1.2
Co-existence studies for CA_7-8

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 7 and Band 8 DL carriers can be calculated as shown in table 6.3.5.1.2-1 below:

Table 6.3.5.1.2-1: Co-existence studies for 1 UL/2 DL

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2 620
	2 690

	2nd order harmonics frequency range (MHz)
	1 850 to 1 920
	5 240 to 5 380

	3rd order harmonics frequency range (MHz)
	2 775 to 2 880
	7 860 to 8 070

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	1 660 to 1 765
	3 545 to 3 650

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f1_high + f2_high)

	IMD frequency range (MHz)
	700 to 840

4 470 to 4 610
	4 280 to 4 455

6 165 to 6 340

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	905 to 980
	2 610 to 2 700


As it can be seen from table 6.3.5.1.2-1, the 2nd order harmonics from BS transmitting in Band 8 may fall in the BS receive band of Bands 2, 25, 33, 35, 37, 39. Additionally 2nd order IMD products may fall into the BS receive band of Bands 3, 4, 9, 10, 24, 42 and 43. While 3rd order IMD products may fall into the BS receive band of Bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 38, 41 and 44.

Note that the calculation in table 6.3.5.1.2-1 (except the last row) assumes the BS is transmitting with the whole 70 MHz DL frequency of Band 7 and the whole 35 MHz DL frequency of Band 8. If the BS is only transmitting up to 20 MHz DL in Band 7 and up to 10 MHz DL in Band 8 as stated in the WID, then the 3rd IMD products may only fall into the BS receive band of certain frequency range within Bands 8, 38 and 41.

 The transmit configurations of the BS transmitting in Bands 7+8 with 3rd IMD products into Band 8 receive band are:
Table 6.3.5.1.2-2: Band (7 + 8) BS transmit configurations with 3rd IMD within Bands 8 BS receive band (880-915MHz)

	Band 8 DL channel bandwidth (MHz)
	lower edge of Band 8 DL frequency block (MHz)
	Band 7 DL channel bandwidth (MHz)
	IMD frequency limits (MHz)

	5
	925 - 930
	15
	910 - 915

	5
	925 - 930
	20
	905 - 915

	10
	925 - 935
	15
	910 - 915

	10
	925 - 935
	20
	905 - 815


As it can be seen from table 6.3.5.1.2-2 when Band 7 uses 15/20MHz there may be IMD products falling into Band 8 receive band. In such cases, it could be necessary to avoid sharing the same RF path for both transmitter and receiver side, or avoid such configurations in the BS.
In table 6.3.5.1.2-3 the harmonic interference study is provided from UL perspective for Band 7 and 8. It can be seen that the harmonic frequencies fall in the UL and DL bands of Band 3. This scenario is already covered by current specifications and hence no further relaxation is required for that. It can also be seen that 3rd harmonic interference from UL Band 8 falls into Band 7 receiver band in a general case. However it is under discussion if current spectrum holdings can be taken into account, and be verified if there is no harmonic impact.
Table 6.3.5.1.2-3: Impact of UL Harmonic Interference
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	7
	2 500
	2 570
	5 000
	5 140
	7 500
	7 710

	8
	880
	915
	1 760
	1 830
	2 640
	2 745


6.3.5.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 7 and Band 8.

Table 6.3.5.1.3-1: IB,c 

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



	CA_7A-8A
	7
	0,3

	
	8
	0,6


Table 6.3.5.1.3-2: RIB 

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



	CA_7A-8A
	7
	0

	
	8
	0,2


6.3.5.1.4
MSD

A part of the uplink of Band 8, specifically 880-897 MHz (only first 17 MHz) may create third order harmonics into part of Band 7 downlink, specifically 2 640-2 690 MHz (only last 50 MHz).

The specification of this band into TS 36.101 will consider the additional insertion losses of a low-high combination plus the additional trap filter to attenuate the harmonic distortion. Additionally for those frequencies that can create harmonic interference an exception to reference sensitivity (as derived through MSD) is created.

The uplink configuration is limited in such a way that the 3rd harmonic overlap is maximized on the SCC in the high band. However, at the same time, the uplink configuration should respect the limitations needed for reference sensitivity on the PCC since both PCC and SCC are tested simultaneously. In the case of Band 8, the uplink configuration is limited to 25 RB in Table 7.3.1-2 of TS 36.101. Thus, the upper limit for MSD testing should also be limited to 25 RB so that the conditions for reference sensitivity on the PCC can be maintained.

Table 6.3.5.1.5-2: 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_7A-8A
	7
	
	
	
	-87,4
	-87
	-86,7
	FDD

	
	8
	
	-99
	-96,8
	-93,8
	
	
	

	NOTE:
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. And this is applicable when Band 8 UL is confined between 880MHz and 897MHz and simultaneously Band 7 DL is confined within 2 640MHz and 2 690MHz. Otherwise this requirement does not apply. The requirements is verified for UL EARFCN of the low band (superscript LB) such that 
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Table 6.3.5.1.5-3: 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_7A-8A
	8
	
	5
	8
	16
	
	
	FDD


6.3.6
LTE Advanced Carrier Aggregation of Band 2 and Band 30 

6.3.6.1
List of specific combination issues

6.3.6.1.1
Channel bandwidths per operating band for CA

<Text to be added>
6.3.6.1.2
Co-existence studies for CA_2-30

6.3.6.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 30 DL carriers can be calculated as shown in Table 6.3.6.1.2.1-1 below:

Table 6.3.6.1.2.1-1: Band 2 and Band 30 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 930
	1 990
	2 350
	2 360

	2nd order harmonics frequency range (MHz)
	3 860
	3 980
	4 700
	4 720

	3rd order harmonics frequency range (MHz)
	5 790
	5 970
	7 050
	7 080

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	360
	430
	4 280
	4 350

	3rd order IMD products
	(f2_low – 2*f1_high)
	|(2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	1 500
	1 630
	2 710
	2 790

	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)
	6 210
	6 340
	6 630
	6 710

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1 920
	2 000
	2 290
	2 420

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	1 920
	2 000
	2 330
	2 380


It can be seen from Table 6.3.6.1.2.1-1 that the 2nd and 3rd harmonics as well as the 2nd IMD products of BS transmitting in Bands 2 and 30 will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 3rd IMD products supporting CA of Band 2 and Band 30 may fall into the BS receive band of Bands 1, 24, 30, 36, 37 and 40. Note that the calculation in Table 6.3.6.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 10 MHz DL frequency of Band 30. If the BS is only transmitting an up to 20 MHz DL in Band 2 and an up to 10 MHz DL in Band 30 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of Bands 1, 24, 36, 37 and 40 as shown in the last row in Table 6.3.6.1.2.1-1.

It should be noted that Bands 1 and 40 are not intended for use in the same geographical area as Bands 2 and 30. Moreover, co-location of Band (2 + 30) transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here will be on the harmonics and IMD falling into Band 24.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 24 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 30 BS transmitters do not share the same antenna with Band 24 BS receiver.

Therefore, it is recommended that Bands 2 and 30 BS transmitters should not share the same antenna with Band 24 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 24 BS receiver desensitization.

6.3.6.1.3
ΔTIB,c and ΔRIB (1 UL)

The transmitter and receiver requirements for CA_2A-30A are based on a front-end reference architecture supporting multiplexing of Band 2, Band 4 and Band 30 ("hexplexer") that in turn enables support of the band combinations Band 2 + Band 4, Band 2 + Band 30 and Band 4 + Band 30 in the same device. More details can be found in clause 6.3.2 of [8]. 

For the UE which supports CA_2A-30A the ΔTIB,c is defined for applicable bands in Table 6.3.6.1.3-1 (see Table 6.3.2.2.1-1 in [8]).
Table 6.3.6.1.3-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-30A
	2
	[0,5]

	
	30
	[0,3]


For the UE which supports CA_2A-30A the ΔRIB,c is defined for applicable bands in Table 6.3.6.1.3-2 (see Table 6.3.2.3.1-1 in [8]) .
Table 6.3.6.1.3-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-30A
	2
	[0,4]

	
	30
	[0,5]


6.3.7
LTE Advanced Carrier Aggregation of Band 4 and Band 30

6.3.7.1
List of specific combination issues

6.3.7.1.1
Channel bandwidths per operating band for CA

<Text to be added>
6.3.7.1.2
Co-existence studies for CA_4-30

6.3.7.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 4 and Band 30 DL carriers can be calculated as shown in Table 6.3.7.1.2.1-1 below:

Table 6.3.7.1.2.1-1: Band 4 and Band 30 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 110
	2 155
	2 350
	2 360

	2nd order harmonics frequency range (MHz)
	4 220
	4 310
	4 700
	4 720

	3rd order harmonics frequency range (MHz)
	6 330
	6 465
	7 050
	7 080

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	195
	250
	4 460
	4 515

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	1 860
	1 960
	2 545
	2 610

	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)
	6 570
	6 670
	6 810
	6 875

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	2 100
	2 165
	2 305
	2 405

	3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	2 100
	2 165
	2 330
	2 380


It can be seen from Table 6.3.7.1.2.1-1 that the 2nd and 3rd harmonics as well as the 2nd IMD products of BS transmitting in Bands 4 and 30 will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 3rd IMD products supporting CA of Band 4 and Band 30 may fall into the BS receive band of Bands 1, 2, 7, 25, 30, 33, 35, 36, 37, 38, 39, 40 and 41. Note that the calculation in Table 6.3.7.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 45 MHz DL frequency of Band 4 and the whole 10 MHz DL frequency of Band 30. If the BS is only transmitting an up to 20 MHz DL in Band 4 and an up to 10 MHz DL in Band 30 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of Bands 1, 2, 7, 25, 33, 35, 36, 37, 38, 39, 40 and 41 as shown in the last row in Table 6.3.7.1.2.1-1.

It should be noted that Bands 1, 7, 33, 38, 39 and 40 are not intended for use in the same geographical area as Bands 4 and 30. Therefore, the focus here will be on the harmonics and IMD falling into Bands 2, 25, 35, 36, 37 and 41.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 2, 25, 35, 36, 37 or 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 4 and 30 BS transmitters do not share the same antenna with Band 2, 25, 35, 36, 37 or 41 receiver.

Therefore, it is recommended that Bands 4 and 30 BS transmitters should not share the same antenna with Band 2, 25, 35, 36, 37 or 41 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 2, 25, 35, 36, 37 or 41 BS receiver desensitization.

6.3.7.1.3
ΔTIB,c and ΔRIB (1 UL)

Just as for CA_2A-30A (clause 6.3.6.1.3), the transmitter and receiver requirements for CA_4A-30A are based on a front-end reference architecture supporting multiplexing of Band 2, Band 4 and Band 30 ("hexplexer") that in turn enables support of the band combinations Band 2 + Band 4, Band 2 + Band 30 and Band 4 + Band 30 in the same device. More details can be found in clause 6.3.2 of [8]. 

For the UE which supports CA_4A-30A the ΔTIB,c is defined for applicable bands in Table 6.3.7.1.3-1 (see Table 6.3.2.2.1-1 in [8]). 
Table 6.3.7.1.3-1: ΔTIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_4A-30A
	4
	[0,5]

	
	30
	[0,3]


For the UE which supports CA_4A-30A the ΔRIB,c is defined for applicable bands in Table 6.3.7.1.3-2 (see Table 6.3.2.3.1-1 in [8]).
Table 6.3.7.1.3-2: ΔRIB,c
	E-UTRA CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_4A-30A
	4
	[0,4]

	
	30
	[0,5]


6.3.8
LTE-Advanced Carrier Aggregation of Band 41 and Band 42
6.3.8.0
Inter-band CA operating bands
Table 6.3.8-1: 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_41-42
	41
	2 496 MHz
	–
	2 690 MHz
	10, 15, 20 
(see note)
	2 496 MHz
	–
	2 690 MHz
	10, 15, 20
	TDD

	
	42
	3 400 MHz
	–
	3 600 MHz
	10, 15, 20 (see note)
	3 400 MHz
	–
	3 600 MHz
	10, 15, 20
	

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


6.3.8.1
List of specific combination issues

6.3.8.1.1
Channel bandwidths per operating band for CA

Table 6.3.8.1.1-1: 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

	CA_41A-42A
	41
	
	
	
	Yes
	Yes
	Yes

	
	42
	
	
	
	Yes
	Yes
	Yes


6.3.8.1.2
Co-existence studies for 1UL/2DL

Table 6.3.8.1.2-1 gives the intermodulation products for Band 41 + Band 42 CA with 2 DLs. None of the harmonics of one band fall into the receive band of the other. The intermodulation products generated by two operating bands do not impact the own receiver since TDD BS cannot transmit and receive simultaneously in a single band.

IMD products of Bands 41 and 42 could fall into RX frequency range of some operating bands. However, it could be hard for those low bands less than 1GHz to share the same antenna with Band 41 and Band 42. IMD products could fall into Bands 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28, 33, 35, 36, 37, 38, 39, 43 and 44, while Bands 1, 3, 5, 8, 9, 11, 18, 19, 21, 27, 28, 39, 43 or 44 could be used in the same geographical area (Region 3) as Bands 41 and 42. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 1, 3, 5, 8, 9, 11, 18, 19, 21, 27, 28, 39, 43 or 44 receiver would be well below the receiver noise floor, in order to avoid the possibility of receiver desensitization. Thus it is recommended that Bands 41 and 42 BS transmitters do not share the same antenna with Band 1, 3, 5, 8, 9, 11, 18, 19, 21, 27, 28, 39, 43 or 44 BS receivers, unless the antenna path meets more stringent 3rd order PIM specification so that the PIM will not cause Band 1, 3, 5, 8, 9, 11, 18, 19, 21, 27, 28, 39, 43 or 44 BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

Table 6.3.8.1.2-1: 2 DLs B41 + B42 harmonics and IMD products frequency limits

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 496
	2 690
	3 400
	3 600

	2nd order harmonics frequency range (MHz)
	4 992 to 5 380
	6 800 to 7 200

	3rd order harmonics frequency range (MHz)
	7 488 to 8 070
	10 200 to 10 800

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	710 to 1 104
	5 896 to 6 290

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&(2*f1_low + f2_low)
	(2*f1_high – f2_low(
& (2*f1_high + f2_high)
	(2*f2_low – f1_high(
&(2*f2_low + f1_low)
	(2* f2_high – f1_low(
(2*f2_high + f1_high)

	IMD frequency range (MHz)
	1 392 to 1 980

8 392 to 8 980
	4 110 to 4 704

9 296 to 9 890

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2(
	(f1_high + 
max BW f2(
	(f2_low – 
max BW f1(
	(f2_high + 
max BW f1(

	IMD frequency range (MHz)
	2 476 to 2 710
	3 380 to 3 620


6.3.8.1.3
ΔTIB and ΔRIB values
For BS not supporting simultaneous Tx/Rx, only Rx will be affected by additional IL introduced by diplexer. 

IL values for Band 41+Band 42 diplexer from different vendors are listed in the table below:

Table 6.3.8.1.3-1: IL values for Band 41 + Band 42 diplexer

	Band
	Vendor 1
	Vendor 2
	Vendor 3

	
	Tx/Rx IL (dB)
	Isolation (dB)
	Tx/Rx IL (dB)
	Isolation (dB)
	Tx/Rx IL (dB)
	Isolation (dB)

	41
	0,87; TYP

1,20; ETC
	25; TYP
	0,86; TYP

1,20; ETC
	24,6; TYP
	1,10; ETC
	25; TYP

	42
	0,89; TYP

1,40; ETC
	25; TYP
	0,70; TYP

1,20; ETC
	23,5; TYP
	1,00; ETC
	25; TYP


The corresponding average additional IL values for Tx and Rx are shown in Table 6.3.8.1.3-2:
Table 6.3.8.1.3-2: Average Tx and Rx IL for combining band 41 and band 42 (under ETC)
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL [dB]
	Rx IL [dB]
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	41
	0
	1,17

	
	42
	0
	1,20


For TDD inter-band CA_B41_B42 UE supporting 2DL +1UL without simultaneous Rx/Tx, the (TIB,c and (RIB,c values are given in Table 6.3.8.1.3-3 and Table 6.3.8.1.3-4.
Table 6.3.8.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_41A-42A
	41
	0

	
	42
	[0,5]


Table 6.3.8.1.3-4: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_41A-42A
	41
	[0,4]

	
	42
	[0,5]


6.3.9
LTE Advanced Carrier Aggregation of Band 5 and Band 13

6.3.9.0
Inter-band CA operating bands
CA_5-13 is designed to operate in the operating bands in table 6.3.9-1.

Table 6.3.9.-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_5-13
	5
	824 MHz
	–
	849 MHz
	5, 10
(See note)
	869 MHz
	–
	894 MHz
	5, 10
	FDD

	
	13
	777 MHz
	–
	787 MHz
	10 
(See note)
	746 MHz
	–
	756 MHz
	10
	

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


6.3.9.1
List of specific combination issues

6.3.9.1.1
Channel bandwidths per operating band for CA

LTE inter-band carrier aggregation configuration CA_5A-13A should be operated with E-UTRA channel bandwidths as specified in table 6.3.9.1.1-1

Table 6.3.9.1.1-1: Supported E-UTRA bandwidths per CA configuration 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_5A-13A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	13
	
	
	
	Yes
	
	
	
	


6.3.9.1.2
Co-existence studies for CA_5-13
Table 6.3.9.1.2-1 shows harmonics frequency limits intermodulation products frequency limits for CA of Band 5 and Band 13.

As shown in table 6.3.9.1.2-1, 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9 and 10; and the 3rd harmonics of Band 5 could fall into the BS receive band of Band 38, 41.

Table 6.3.9.1.2-1: DL intermodulation products frequency limits for CA of Band 5 and Band 13

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	746
	756

	2nd order harmonics frequency range (MHz)
	1 738 to 1 788
	1 492 to 1 512

	3rd order harmonics frequency range (MHz)
	2 607 to 2 682
	2 238 to 2 268

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	113 to 148
	1 615 to 1 650

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
&

(2*f1_low + f2_low)
	(2*f1_high – f2_low(
&

(2*f1_high + f2_high)
	(2*f2_low – f1_high(
&

(2*f2_low + f1_low)
	(2* f2_high – f1_low(
&

(2*f2_high + f1_high)

	IMD frequency range (MHz)
	982 to 1 042

2 484 to 2 544
	598 to 643

2 361 to 2 406

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	859 to 904
	736 to 766


It also can be seen that 2nd order intermodulation products may fall into BS receive band of Band 24. 3rd intermodulation products may fall to UL frequencies of Bands 7, 8, 20, 28, 40, 41 and 44. 

It should be noted that Band 5 and Band 13 are not meant to be deployed together in the same geographic area as Bands 3, 8, 9, 20, 28, 38, 40 and 44. Therefore the focus here will be on the harmonics of Band 5 falling into Bands 4, 10 and 41, and IMD products falling into Band 7, 24 and 41.

It is recommended that Band 5 and Band 13 BS transmitters not share an antenna with Band 4, 7, 10, 24 or 41 BS receivers. However Band 4, 7, 10, 24 and 41 would use separate antennas from Band 5 and Band 13, due to that high/low bands use separate antennas at BS side. There is no need to address above issue in inter-band carrier aggregation context. 

6.3.9.1.3
ΔTIB,c and ΔRIB (1 UL) 

For the UE which supports CA_5A-13A the ΔTIB,c is defined for applicable bands in table 6.3.9.1.3-1.
Table 6.3.9.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-13A
	5
	0,5

	
	13
	0,5


For the UE which supports CA_5A-13A the ΔRIB is defined for applicable bands in table 6.3.9.1.3-2.
Table 6.3.9.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_5A-13A
	5
	0

	
	13
	0


6.3.10
LTE Advanced Carrier Aggregation of Band 18 and Band 28 (1UL)
6.3.10.0
Inter-band CA operating bands
Table 6.3.10-1: Inter-band CA of Band 18 and Band 28
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high 
	
	FDL_low – FDL_high 
	
	

	CA_18-28
	18
	815 MHz
	–
	830 MHz
	5, 10, 15
	860 MHz
	–
	875 MHz
	5, 10, 15
	FDD

	
	28
	703 MHz
	–
	733 MHz
	5, 10
	758 MHz
	–
	788 MHz
	5, 10
	


6.3.10.1
List of specific combination issues

6.3.10.1.1
Channel bandwidths per operating band for CA

Table 6.3.10.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth
	Maximum aggregate bandwidth [MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_18A-28A
	18
	
	
	Yes
	Yes
	Yes
	
	25
	0

	
	28
	
	
	Yes
	Yes
	
	
	
	


6.3.10.1.2
Co-existence studies for CA_18-28
6.3.10.1.2.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 18 and restricted (703 – 733 MHz UL and 758 – 788 MHz DL) Band 28 DL carriers can be calculated as shown in Table 6.3.10.1.2.1-1 below:

Table 6.3.10.1.2.1-1: Band 18 and restricted Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	788
	860
	875

	2nd order harmonics frequency range (MHz)
	1 516
	1 576
	1 720
	1 750

	3rd order harmonics frequency range (MHz)
	2 274
	2 364
	2 580
	2 625

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	72
	117
	1 618
	1 663

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	641
	716
	932
	992

	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)
	2 376
	2 451
	2 478
	2 538

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	743
	803
	830
	905

	3rd order IMD products
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	743
	803
	850
	885


It can be seen from Table 6.3.10.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 18 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics of BS transmitting in Band 18 and restricted Band 28 may fall into the BS receive band of Bands 30, 38, 40 and 41, while the 2nd IMD products caused by BS supporting CA of Band 18 and restricted Band 28 may fall into the BS receive band of Band 24, and the 3rd IMD products may fall into the BS receive band of Bands 5, 6, 7, 8, 12, 13, 14, 17, 19, 20, 26, 28, 40, 41 and 44. Note that the calculation in Table 6.3.10.1.2.1-1 (except the last row) assumes the BS is transmitting with the whole 15 MHz DL frequency of Band 18 and the whole 30 MHz DL frequency of restricted Band 28. If the BS is only transmitting an up to 15 MHz DL in Band 18 and an up to 10 MHz DL in restricted Band 28 as stated in the WIDS, then the 3rd IMD products may only fall into the BS receive band of the Bands 7, 8, 12, 13, 14, 17, 20, 28, 40, 41 and 44 as shown in the last row in Table 6.3.10.1.2.1-1. Note that the 3rd IMD products will not fall into the BS receive frequency range within restricted Band 28, or the BS receive frequency range within Band 8 (900 – 915 MHz) that is allocated in Japan. Also the 3rd IMD products may only fall into the BS receive band of certain frequency range within Band 28 under the transmit configurations shown in Table 6.3.10.1.2.1-2 below.

Table 6.3.10.1.2.1-2: Band (18 + 28) BS transmit configurations with 3rd IMD within Band 28 BS receive band

	Band 18 DL channel bandwidth (MHz)
	Band 28 DL channel bandwidth (MHz)
	Lower edge of Band 28 DL frequency block (MHz)
	Lower edge of IMD frequency limits (MHz)

	15
	5 or 10
	758 – 762,9
	743 – 747,9


It should be noted that Bands 4, 7, 10, 12, 13, 14, 17, 20, 24, 30, 38, 40 and 44 are not intended for use in the same geographical area as Bands 18 and 28, and the 3rd IMD products caused by BS supporting carrier aggregation of Band 18 and Band 28 will not fall into the BS receive frequency range within Band 8 that is allocated in Japan. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 9, 28 and 41.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the harmonics and IMD interference generated within the Band 3, 9 or 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 18 and 28 BS transmitters do not share the same antenna with Band 3, 9 or 41 BS receiver.

On the other hand, it is recommended that Bands 18 and 28 BS transmitters should not share the same antenna with Band 3, 9 or 41 BS receiver, or Band 28 BS receiver for the affected frequency ranges if the aforementioned BS transmit configurations are used, in order to prevent BS receiver desensitization, unless the antenna path meets very stringent harmonics and 3rd order PIM specification so that the harmonics and PIM will not cause Band 3, 9, 28 or 41BS receiver desensitization.
6.3.10.1.3
∆TIB and ∆RIB values

Given that CA_B18-B28 is low-low band combination, appropriate UE architecture would be quadplexer basis. As one can see in Figure 6.3.10.1.3-1, separation between Band 18 UL and Band 28 DL is only 12 MHz. In addition, Band 18 filter cannot provide steep attenuation toward lower frequency side. Therefore, it is expected that Band 28 UE would suffer from noise of Band 18 UL and it was considered that inter-band CA of this combination is almost impossible to keep commercial service of quality.
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Figure 6.3.10.1.3-1: Frequency range of Band 18 and Band 28

However, it is expected that Lower Duplexer of Band 28 DL can provide good blocking characteristic from unwanted signal of Band 18 UL because separation between them is more than twice (27 MHz) of upper duplexer. Operator A in the figure can fortunately use both Lower and Higher Duplexer from perspective of frequency assignment. Therefore, quadplexer to perform CA_B18-B28 is much preferable to be implemented by [Band 18] + [Band 28 Lower DUP] as indicated by red line in Figure 6.3.10.1.3-1. Values of ∆TIB and ∆RIB would be standardized on the basis of such architecture of quadplexer.
For the reported IL values, additional IL values compared to single band operation could be assumed as shown in table 6.3.10.1.3-1:

Table 6.3.10.1.3-1: Additional IL values compared to single band operation

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL [dB]
	Rx IL [dB]
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	18
	1,2
	0,45

	
	28
	1,04
	0,45


By convoluting above all of studies, values for ∆TIB and ∆RIB are specified as in Table 6.3.10.1.3-3 and 6.3.10.1.3-4.:

Table 6.3.10.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_18A-28A
	18
	0,6

	
	28
	0,5


Table 6.3.10.1.3-3: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_18A-28A
	18
	0,2

	
	28
	0,2


6.3.10.1.4
Maximum sensitivity reduction for Band 28

When Band 28 DL is operated simultaneously with Band 18 UL there is a potential self-interference situation as Band 18 UL will become aggressor on Band 28 DL due to narrow frequency separation. Requirements like MSD should be specified for this interference. After intensive discussion in RAN4, required MSDs are specified in Table 6.3.10.1.4-1. 

Table 6.3.10.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	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_18A-28A7
	18
	
	
	-100
	-97
	-95,2
	
	FDD

	
	287
	
	
	-94
	-92,5
	
	
	

	NOTE 1:
The transmitter should be set to PUMAX as defined in subclause 6.2.5A of TS 36.101.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 3:
The signal power is specified per port.
NOTE 4:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 of TS36.101 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band. 
NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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NOTE 7:
Supported frequency range of Band 28 for this CA configuration is limited as specified for CA_18-28 in Table 5.5A-2 of TS36.101. This relaxation applies only when Band 18 is configured as UL.


6.4
Class A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM) 

6.4.1
LTE Advanced Carrier Aggregation of Band 2 and Band 4 

6.4.1.1
Channel bandwidths per operating band for CA

LTE inter-band carrier aggregation configuration CA_2A-4A should be operated in E-UTRA CA band CA_2-4 as specified in table 6.4.1.1-1.

Table 6.4.1.1-1: CA_2-4 operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band

	
	
	BS receive / UE transmit
	BS transmit / UE receive 

	
	
	FUL_low  – FUL_high
	FDL_low  – FDL_high

	CA_2-4
	2
	1 850 MHz 
	–
	1 910 MHz
	1 930 MHz 
	–
	1 990 MHz

	
	4
	1 710 MHz
	–
	1 755 MHz 
	2 110 MHz 
	–
	2 155 MHz


LTE inter-band carrier aggregation configuration CA_2A-4A should be operated with E-UTRA channel bandwidths as specified in table 6.4.1.1-2

Table 6.4.1.1-2: CA_2A-4A channel bandwidths

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Band
	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
	 
	 
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	2

	
	4
	 
	
	Yes
	Yes
	Yes
	Yes
	
	


6.4.1.2
BS co-existence studies for CA_2-4

Table 6.4.1.2-1 shows harmonics frequency limits and table 6.4.1.2-2 intermodulation products frequency limits for CA of Band 2 and Band 4, respectively.

Table 6.4.1.2-1: DL harmonics frequency limits for CA of Band 2 and Band 4

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 930
	1 990
	2 110
	2 155

	2nd order harmonics frequency range (MHz)
	3 860 to 3 980
	4 220 to 4 310

	3rd order harmonics frequency range (MHz)
	5 790 to 5 970
	6 330 to 6 465


As shown in table 6.4.1.2-1, no second and no third harmonics will fall to any 3GPP UL frequencies.

Table 6.4.1.2-2: DL intermodulation products frequency limits for CA of Band 2 and Band 4
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 930
	1 990
	2 110
	2 155

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	120 to 225
	4 040 to 4 145

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
	(2*f1_high – f2_low(
	(2*f2_low – f1_high(
	(2* f2_high – f1_low(

	IMD frequency range (MHz)
	1 705 to 1 870
	2 230 to 2 380

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	1 915 to 2 005
	2 095 to 2 170


As shown in table 6.4.1.2-2, no second order intermodulation products will fall to any 3GPP UL frequencies. Third intermodulation products may fall to UL frequencies of Bands 1-4, 9-10, 23, 25, 30, 33, 35-37, 39 or 40. As third intermodulation products may fall to own receive block (both for Band 2 and Band 4, highlighted in table 6.4.1.2-2), the desensitization may be an issue.

Analysis in table 6.4.1.2-2 assumes BS is transmitting the whole DL frequency for both Band 2 and Band 4. Further analysis were made when two-tone third order intermodulation product will fall to own receive block for CC bandwidths agreed in the Work Item Description (WID): 5MHz, 10MHz and 15MHz for both operating bands plus 1,4 and 3MHz for Band 2. Two-tone third order intermodulation products were summarized in table 6.4.1-3 with assumptions shown in figure 6.4.1.2-1.
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Figure 6.4.1.2-1: Assumptions for third intermodulation products analysis
Table 6.4.1.2-3: Two-tone third order IMD products frequency limits for CA of Band 2 and Band 4

	Two-tone 3rd order IMD products
	IMD frequency range (MHz)

	2*f1_low – f2_high
	1 705 + 2*c + d

	2*f1_high – f2_low
	1 705 + 2*c + 2*a + b + d


Taking into account CC bandwidths agreed in the WID, two-tone third order intermodulation product will fall to own receive block for CC1 and CC2 positions summarized in table 6.4.1.2-4. Considered scenarios are very pessimistic as studies are taking into account channel bandwidths. Taking into account transmission bandwidths (1,08; 2,7; 4,5; … MHz) the region where IMD would fall to receive band would be further reduced.

Table 6.4.1.2-4: CC1 and CC2 positions for two-tone third order IMD product 
falling to own receive block

	CC1 bandwidth (a in MHz)
	CC2 bandwidth (b in MHz)
	CC1 and CC2 positions (c + d in MHz)

	1,4
	5
	 25 > c + d > 18.6

	1,4
	10
	25 > c + d > 13.6

	1,4
	15
	25 > c + d > 8.6

	1,4
	20
	25 > c + d > 3.6

	3
	5
	25 > c + d > 17

	3
	10
	25 > c + d > 12

	3
	15
	25 > c + d > 7

	3
	20
	25 > c + d > 2

	5
	5
	25 > c + d > 15

	5
	10
	25 > c + d > 10

	5
	15
	25 > c + d > 5

	5
	20
	25 > c + d > 0

	10
	5
	25 > c + d > 10

	10
	10
	25 > c + d > 5

	10
	15
	25 > c + d > 0

	10
	20
	25 > c + d ≥ 0

	15
	5
	25 > c + d > 5

	15
	10
	25 > c + d > 0

	15
	15
	25 > c + d ≥ 0

	15
	20
	25 > c + d ≥ 0

	20
	5
	25 > c + d > 0

	20
	10
	25 > c + d ≥ 0

	20
	15
	25 > c + d ≥ 0

	20
	20
	25 > c + d ≥ 0


It is suggested BS transmitters supporting CA of Band 2 and Band 4 should not share the same antenna with Band 1, 2, 3, 4, 9, 10, 23, 25, 30, 33, 35-37, 39 or 40 BS receiver, unless the antenna path meets very stringent third order PIM specification so that the PIM will not cause Band 1, 2, 3, 4, 9, 10, 23, 25, 30, 33, 35-37, 39 or 40 BS receiver desensitization.
6.4.1.3
UE Co-existence studies for CA_2-4 

The scope of the WID states that the specifications are done for 1 UL operation. Because of that IMD studies between the UL bands are not required for now. Study of UL 2nd and 3rd order harmonics frequencies is needed. Results of the harmonic study are presented in table 6.4.1.3-1. It can be observed that none of the 2nd or 3rd harmonic products fall into own DL bands. It can be noted that band 4 second harmonic extends to 3 510 MHz which is the start frequency for band 22 and some harmonic power might land on band 22. Band 4 second harmonic also falls to band 42. Band 2 second harmonic falls to band 43.

Table 6.4.1.3-1: Harmonic analysis for UE UL

	
	Order of harmonics
	Harmonic frequency range / MHz

	Band 2
	2nd harmonic range
	3 700
	3 820

	Band 4
	2nd harmonic range
	3 420
	3 510

	Band 2
	3rd harmonic range
	5 550
	5 730

	Band 4
	3rd harmonic range
	5 130
	5 265


6.4.1.4
ΔTIB,c and ΔRIB values

The following additional ILs for combining band 2+4 were reported by three filter manufacturers. Simulations were performed for typical performance but as the duplex-filter baseline performance and quadplexer performance were both simulated it can be assumed that performance difference stays constant under ETC conditions.

Table 6.4.1.4-1: Reported additional ILs for band 2 + 4 quadplexers

	E-UTRA bands
	UL IL (dB) 

vendor 1
	DL IL (dB)

vendor 1
	UL IL (dB)

vendor 2 
	DL IL (dB 

vendor 2
	UL IL (dB)

vendor 3
	DL IL (dB)

vendor 3

	2
	0,55
	0,91
	0,46
	0,53
	0,3
	0,6

	4
	0,51
	0,41
	0,51
	0,29
	0,9
	0,7


Table 6.4.1.4-2: Average UL and DL additional IL for combining band 2 and band 4

	Inter-band CA Configuration
	E-UTRA Band
	UL IL [dB]
	DL IL [dB]

	
[image: image22.wmf]IL


	2
	0,44
	0,68

	
	4
	0,64
	0,47


6.5
Class A5. Combination except for A1 – A4
6.5.1
LTE Advanced Carrier Aggregation of Band 19 and Band 21 (1 UL)

Table 6.5.1-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low  – FUL_high
	
	FDL_low  – FDL_high
	
	

	CA_19-21
	19
	830 MHz
	–
	845 MHz
	5, 10, 15 
(see note)
	875 MHz
	–
	890 MHz
	5, 10, 15
	FDD

	
	21
	1 447,9 MHz
	–
	 1 462,9 MHz
	5, 10, 15 
(see note)
	1 495,9 MHz
	–
	1 510,9 MHz
	5, 10, 15
	

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


6.5.1.1
List of specific combination issues

6.5.1.1.1
Channel bandwidths per operating band for CA

Table 6.5.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_19A-21A
	19
	
	
	Yes
	Yes
	Yes
	

	
	21
	
	
	Yes
	Yes
	Yes
	


6.5.1.1.2
Co-existence studies for CA_19-21
As band 19 and band 21 are a low-middle band combination the harmonic frequencies are far away from the receive and transmit bands of interest in the DL and UL (see table 6.5.1.1.2-1). Therefore it can be concludedthat there is no issue on harmonic interference.

Table 6.5.1.1.2-1: Impact of UL/DL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	19
	830
	845
	875
	890
	1 660
	1 690
	2 490
	2 535
	1 750
	1 780
	2 625
	2 670

	21
	1 447,9
	1 462,9
	1 495,9
	1 510,9
	2 895,8
	2 925,8
	4 343,7
	4 388,7
	2 991,8
	3 021,8
	4 487,7
	4 532,7


6.5.1.1.3
ΔTIB,c and ΔRIB values

For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.5.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_19A-21A
	19
	[0,3]

	
	21
	[0,4]

	NOTE:
The values in the table reflect what can be achieved with the present state of the art technology. They should be reconsidered when the state of the art technology progresses


Table 6.5.1.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_19A-21A
	19
	0

	
	21
	0


6.5.2
LTE Advanced Carrier Aggregation of Band 1 and Band 11 (1 UL)

6.5.2.0
Inter-band CA operating bands

Table 6.5.2-1: Inter-band CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low  – FUL_high
	
	FUL_low  – FUL_high
	
	

	CA_1-11
	1
	1 920 MHz
	–
	1 980 MHz
	5,10, 15, 20 
(see note)
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	11
	1 427,9 MHz
	–
	1 447,9 MHz
	5, 10 
(see note)
	 1 475,9 MHz
	–
	 1 495,9 MHz
	5, 10
	

	NOTE:
Only one uplink component carrier is to be supported in any of the two frequency bands at any time.


6.5.2.1
List of specific combination issues
6.5.2.1.1
Channel bandwidths per operating band for CA

Table 6.5.2.1.1-1: 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

	CA_1A-11A
	1
	
	
	Yes
	Yes
	Yes
	Yes

	
	11
	
	
	Yes
	Yes
	
	


6.5.2.1.2
Co-existence studies for CA_1-11
As shown in table 6.5.2.1.2-1, the harmonic frequencies of band 1 and band 11 in UL are away from the receive bands of interest in the DL and it can be concludedthat there is no issue on UL harmonic interference.

Table 6.5.2.1.2-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	1
	1 920
	1 980
	2 110
	2 170
	3 840
	3 960
	5 760
	5 940

	11
	1 427,9
	1 447,9
	1 475,9
	1 495,9
	2 855,8
	2 895,8
	4 283,7
	4 343,7


Table 6.5.2.1.2-2: Band 1 and Band 11 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 475,9
	1 495,9
	2 110
	2 170

	2nd order harmonics frequency range (MHz)
	2 951,8
	2 991,8
	4 220
	4 340

	3rd order harmonics frequency range (MHz)
	4 427,7
	4 487,7
	6 330
	6 510

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	614,1
	694,1
	3 585,9
	3 665,9

	Two tone 3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	881,8
	781,8
	2 724,1
	2 864,1

	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)
	5 061,8
	5 161,8
	5 695,9
	5 835,9

	Three tone 3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	1 415,9
	1 555,9
	2 090
	2 190


From table 6.5.2.1.2-2, it is observed that:

-
2nd and 3rd order harmonics don’t fall into any 3GPP defined BS receive frequencies.
-
2nd order IMD will fall into BS receive frequencies of Band 42, 43.
-
Two-tone 3rd order IMD will fall into BS receive frequencies of Band 5, 6, 8, 13, 14, 18, 19, 20, 26, 27 and 44.
-
Three-tone 3rd order IMD will fall into BS receive frequencies of Band 11, 21.

On the other hand, the issue of possible desensitization due to IMD fall down would happen whenever a BS supports these frequencies simultaneously, regardless of whether CA is supported or not. Thus this is not a CA specific issue and BS vendors are requested to configure a BS appropriately when the bands mentioned above are operated with Band 1 and 11.
6.5.2.1.3
ΔTIB,c and ΔRIB values

RF parts simulation results are obtained from 3 manufacturers. The additional IL (insertion loss) results are summarized below:

Table 6.5.2.1.3-1: Additional insertion loss

	Additional IL (ETC)
	Vendor A
	Vendor B
	Vendor C
	Average

	Band 1 Tx
	0,80
	0,78
	0,7
	0,76

	Band 1 Rx
	0,70
	0,59
	0,6
	0,63

	Band 11 Tx
	0,65
	0,61
	0,7
	0,65

	Band 11 Rx
	0,65
	0,59
	0,7
	0,65

	Type of Solution
	Diplexer
	Matching
	Matching
	-


Note that vendors B and C propose to insert simple matching circuits between antenna port(s) and duplexers to improve performance while vendor A proposes a stand-alone diplexer scheme. The choices are indicated in "Type of Solution" columns.

For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.5.2.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-11A
	1
	0,3

	
	11
	0,3

	NOTE:
The values in the table reflect what can be achieved with the present state of the art technology. They should be reconsidered when the state of the art technology progresses


Table 6.5.2.1.3-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-11A
	1
	0

	
	11
	0


6.5.3
LTE Advanced Carrier Aggregation of Band 8 and Band 11 (1 UL)

6.5.3.0
Inter-band CA operating bands

Table 6.5.3-1: Inter-band CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low  – FUL_high
	
	FUL_low  – FUL_high
	
	

	CA_8-11
	8
	880 MHz
	–
	915 MHz
	5, 10 
(see note)
	925 MHz
	–
	960 MHz
	5, 10
	FDD

	
	11
	1 427,9 MHz
	–
	1 447,9 MHz
	5, 10 
(see note)
	 1 475,9 MHz
	–
	 1 495,9 MHz
	5, 10
	

	NOTE:
Only one uplink component carrier is to be supported in any of the two frequency bands at any time.


6.5.3.1
List of specific combination issues
6.5.3.1.1
Channel bandwidths per operating band for CA

Table 6.5.3.1.1-1: 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

	CA_8A-11A
	8
	
	
	Yes
	Yes
	
	

	
	11
	
	
	Yes
	Yes
	
	


6.5.3.1.2
Co-existence studies for CA_8-11
As shown in table 6.5.2.1.2-1, the harmonic frequencies of band 8and band 11 in UL are away from the receive bands of interest in the DL and it can be concludedthat there is no issue on UL harmonic interference.

Table 6.5.3.1.2-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic

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

	8
	880
	915
	925
	960
	1 760
	1 830
	2 640
	2 880

	11
	1 427,9
	1 447,9
	1 475,9
	1 495,9
	2 855,8
	2 895,8
	4 283,7
	4 343,7


Table 6.5.3.1.2-2: Band 8 and Band 11 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	1 475,9
	1 495,9

	2nd order harmonics frequency range (MHz)
	1 850
	1 920
	2 951,8
	2 991,8

	3rd order harmonics frequency range (MHz)
	2 775
	2 880
	4 427,7
	4 487,7

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	515,9
	570,9
	2 400,9
	2 455,9

	Two tone 3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	444,1
	354,1
	1 991,8
	2 066,8

	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)
	3 325,9
	3 415,9
	3 876,8
	3 951,8

	Three tone 3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	865
	1 020
	1 455,9
	1 515,9


From the table, it is observed that:

-
2nd order harmonics will fall into BS receive frequency of Band 2, 25, 33, 35, 37, 39.
-
3rd order harmonics don’t fall into any 3GPP defined BS receive frequencies.
-
2nd order IMDs don’t fall into any 3GPP defined BS receive frequencies.
-
Two-tone 3rd order IMDs will fall into BS receive frequencies of Band 22, 23, 34 and 42.
-
Three-tone 3rd order IMDs will fall into BS receive frequencies of Band 8, 21.
On the other hand, the issue of possible desensitization due to IMD fall down would happen whenever a BS supports these frequencies simultaneously, regardless of whether CA is supported or not. Thus this is not a CA specific issue and BS vendors are requested to configure a BS appropriately when the bands mentioned above are operated with Band 8 and 11. 

6.5.3.1.3
ΔTIB,c and ΔRIB values

RF parts simulation results are obtained from 3 manufacturers. The additional IL (insertion loss) results are summarized below:

Table 6.5.3.1.3-1: Additional insertion loss

	Additional IL (ETC)
	Vendor A
	Vendor B
	Vendor C
	Average

	Band 8 Tx
	0,55
	0,7
	0,63
	0,63

	Band 8 Rx
	0,55
	0,7
	0,53
	0,59

	Band 11 Tx
	0,85
	0,8
	0,85
	0,83

	Band 11 Rx
	0,85
	0,8
	0,85
	0,83


For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.5.3.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_8A-11A
	8
	0,3

	
	11
	0,4

	NOTE:
The values in the table reflect what can be achieved with the present state of the art technology. They should be reconsidered when the state of the art technology progresses


Table 6.5.3.1.3-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_8A-11A
	8
	0

	
	11
	0


6.5.4
LTE Advanced Carrier Aggregation of Band 7 and Band 22 (1 UL)

Requirements for this band combination are addressed in Rel-13 [9].

6.5.4.0
Void
Table 6.5.4-1: Void
6.5.4.1
Void
6.5.4.1.1
Void
Table 6.5.4.1.1-1: Void
6.5.4.1.2
Void
Table 6.5.4.1.2 -1: Void
Table 6.5.4.1.2 -2: Void
7
TDD-FDD Inter-band Carrier aggregation

7.1
General part
7.1.1
BS specific     
7.1.2
UE specific
7.1.3
RRM specific
7.2
Band combination specific part
7.2.1
LTE Advanced Carrier Aggregation of Band 1 and Band 41

7.2.1.0
Inter-band CA operating bands

Table 7.2.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high 
	
	FDL_low – FDL_high 
	
	

	CA_1-41
	1
	1 920 MHz
	–
	1 980 MHz
	5, 10, 15, 20
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	41
	2 496 MHz
	–
	2 690 MHz
	5, 10, 15, 20
	2 496 MHz
	–
	2 690 MHz
	5, 10, 15, 20
	TDD


7.2.1.1
List of specific combination issues

7.2.1.1.0
Overview of requirements

For this band combination to work, following conditions are to be provided:

1)
B1 Rx and B41 Rx to provide deep rejection at B1 Tx

2)
B1 Tx needs deep rejection at B1 Rx and B41 Rx 

The current RAN4 requirements for this inter-band CA combination only includes PCell in FDD band, i.e. band 1.
7.2.1.1.1
Channel bandwidths per operating band for CA

Table 7.2.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-41A
	1
	
	
	Yes
	Yes
	Yes
	Yes

	
	41
	
	
	Yes
	Yes
	Yes
	Yes


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.
7.2.1.1.2
Co-existence studies for CA_1-41

Table 7.2.1.1.2-1gives the intermodulation products for band 1 + band 41 CA with 2 DLs. For the IMD analysis the maximum transmission as defined in table 7.2.1.1.1-1 is considered. None of the harmonics of one band fall into the receive band of the other. The intermodulation products generated by two operating bands do not impact the own receiver since TDD BS cannot transmit and receive simultaneously in a single band.

It can be seen in the table that 2nd order IMD products may fall into BS receive band 31. The 3rd order IMD products may fall into BS receive bands of 1, 3, 4, 7, 9, 10, 23, 24, 30, 33, 34, 36, 37, 38, 39, 40 and 41. However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 1, 23, 30, 33, 34, 36, 37, 39, 40. 
It should be noted that Bands 4, 7, 10, 24, 31 and 38 are not intended for use in the same geographical area as Band 1 and Band 41. This leaves bands 3, 9 and 41 to consider for IMD products.

Currently Bands 3, and 9 are used in the same geographical area as Bands 1 and 41. It is recommended that Bands 1 and 41 BS transmitters do not share the same antenna with Band 3 or 9 BS receivers so that the antenna PIM will not cause Band 3 or 9 BS receiver desensitization. A TDD BS cannot transmit and receive simultaneously in a single band so the own B41 receiver is protected. However, it is not recommended that different band 41 operators share the same antenna as a Band 1 transmitter unless the operation is synchronized.

Table 7.2.1.1.2-1: 2DLs B1 + B41 harmonics and IMD products frequency limits

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 110
	2 170
	2 496
	2 690

	2nd order harmonics frequency range (MHz)
	4 220
	4 340
	4 992
	5 380

	3rd order harmonics frequency range (MHz)
	6 330
	6 510
	7 488
	8 070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	326
	580
	4 606
	4 860

	3rd order IMD products
	|f2_high – 2*f1_low|
	|f2_low – 2*f1_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1 530
	1 844
	2 822
	3 270

	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)
	6 716
	7 030
	7 102
	7 550

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	1 916
	2 364
	2 436
	2 750

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	IMD frequency limits (MHz)
	2 090
	2 190
	2 476
	2 710


Table 7.2.1.1.2-2 analyzes the impact of harmonic products for band 1+ band 41 CA with band 1 as UL. it can be concluded that none of UL harmonic products fall into the own and any other receive bands. 

Table 7.2.1.1.2-2: Impact of UL harmonic interference 

	UE UL carriers
	f1_low
	f1_high

	UL frequency (MHz)
	1 920
	1 980

	2nd order harmonics frequency range (MHz)
	3 840 to 3 960

	3rd order harmonics frequency range (MHz)
	5 760 to 5 940

	NOTE: 
Only Band 1 is utilized as UL in the WI.


7.2.1.1.3
∆TIB and ∆RIB values

For two simultaneous DLs and only one UL, (TIB,c and (RIB values are shown in tables below.
Table 7.2.1.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-41A
	1
	0,5

	
	41
	0,5


Table 7.2.1.1.3-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_1A-41A
	1
	0

	
	41
	0


7.2.2
LTE Advanced Carrier Aggregation of Band 1 and Band 42

7.2.2.0
Inter-band CA operating bands

Table 7.2.2-1: 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_1-42
	1
	1 920 MHz
	–
	1 980 MHz
	5, 10, 15, 20 
	2 110 MHz
	–
	2 170 MHz
	5, 10, 15, 20
	FDD

	
	42
	3 400 MHz
	–
	3 600 MHz
	5, 10,15, 20
	3 400 MHz
	–
	3 600 MHz
	5, 10, 15, 20
	TDD


7.2.2.1
List of specific combination issues
7.2.2.1.1
Channel bandwidths per operating band for CA

Table 7.2.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-42A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.
7.2.2.1.2
Co-existence studies for CA_1-42

The harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 7.2.2.1.2-1. Therefore it can be concludedthat there is no issue on harmonic interference.

Table 7.2.2.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	1
	1 920
	1 980
	2 110
	2 170
	3 840
	3 960
	5 760
	5 940
	4 220
	4 340
	6 330
	6 510

	42
	3 400
	3 600
	3 400
	3 600
	6 800
	7 200
	10 200
	10 800
	6 800
	7 200
	10 200
	10 800


Table 7.2.2.1.2-2 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 1 and Band 42. 

Table 7.2.2.1.2-2: Band 1 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 110
	2 170
	3 400
	3 600

	2nd order harmonics frequency range (MHz)
	4 220
	4 340
	6 800
	7 200

	3rd order harmonics frequency range (MHz)
	6 330
	6 510
	10 200
	10 800

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 230
	1 490
	5 510
	5 770

	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)
	620
	940
	4 630
	5 090

	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)
	7 620
	7 940
	8 910
	9 370

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1 910
	2 370
	3 340
	3 660

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	2 090
	2 190
	3 380
	3 620


It can be seen from table 7.2.2.1.2-1 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 1 and Band 42 fall into the BS receive band of Bands 11 and 21, while some 3rd IMD products fall into the BS receive band of Bands 1, 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 22, 23, 25, 26, 27, 28, 30, 33, 34, 36, 37, 39, 40, 42, 43 and 44. Note that the calculation in table 7.2.2.1.2-1 (except the last row) assumes the BS transmits the whole 60 MHz DL frequency of Band 1 and the whole 200 MHz DL frequency of Band 42. However even if the BS only transmits up to 20 MHz DL in Band 1 and up to 20 MHz DL in Band 42 as stated in Table 7.2.2.1.1-1, the 3rd IMD products may still fall into the BS receive band of the Bands 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 22, 26, 27, 28, 42, 43 and 44 as shown in the last row in table 7.2.2.1.2-1.

It should be noted that Bands 12, 13, 14, 17 is not intended for use in the same geographical area as Band 1 and Band 22 is not intended for use in the same geographical area as Band 42. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 5, 6, 8, 18, 19, 20, 26, 27, 28, 42, 43 and 44.

TDD BS does not transmit and receive simultaneously, so the BS’s own band 42 receiver and other synchronized band 42 receivers would not be interfered. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 5, 6, 8, 18, 19, 20, 26, 27, 28 or unsynchronized 44 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization,
Therefore, it is recommended that Bands 1 and 42 BS transmitters should not share the same antenna with Band 5, 6, 8, 18, 19, 20, 26, 27, 28, unsynchronized 42, unsynchronized 43 or unsynchronized 44 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 5, 6, 8, 18, 19, 20, 26, 27, 28, unsynchronized 42, unsynchronized 43 or unsynchronized 44 BS receiver desensitization.
7.2.2.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 1 and Band 42.

Table 7.2.2.1.3-1: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_1A-42A
	1
	0,3

	
	42
	[0,8]


Table 7.2.2.1.3-2: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_1A-42A
	1
	0

	
	42
	[0,5]


7.2.3
LTE Advanced Carrier Aggregation of Band 3 and Band 40

7.2.3.0
Inter-band CA operating bands

Table 7.2.3-1: 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_3-40
	3
	1 710 MHz
	–
	1 785 MHz
	5, 10, 15, 20 
(See note)
	1 805 MHz
	–
	1 880 MHz
	5, 10, 15, 20
	FDD

	
	40
	2 300 MHz
	–
	2 400 MHz
	10, 15, 20 
(See note)
	2 300 MHz
	–
	2 400 MHz
	10, 15, 20
	TDD

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


7.2.3.1
List of specific combination issues
7.2.3.1.1
Channel bandwidths per operating band for CA

Table 7.2.3.1.1-1: 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

	CA_3A-40A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	40
	
	
	
	Yes
	Yes
	Yes


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.
7.2.3.1.2
Co-existence studies for CA_3-40
Table 7.2.3.1.2-1 summarizes frequency ranges where harmonics occur due to Band 3 or Band 40 for both UL and DL. It can be seen that the harmonic frequencies of Band 3 and Band 40 in DL are away from the BS receive bands of interest in the UL. For the UE aspect, the UL harmonic frequencies of Band 3 and Band 40 does not locate within the UE receive bands of interest in the DL. Therefore it can be concluded that there is no issue on harmonic interference.
Table 7.2.3.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	3
	1 710
	1 785
	1 805
	1 880
	3 420
	3 570
	5 130
	5 355
	3 610
	3 760
	5 415
	5 640

	40
	2 300
	2 400
	2 300
	2 400
	4 600
	4 800
	6 900
	7 200
	4 600
	4 800
	6 900
	7 200


The 2nd DL harmonics of Band 3 carriers may fall into the BS receive band of Bands 43.
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 3 and Band 40 DL carriers can be calculated as shown in table 4 below:

Table 7.2.3.1.2-2: Band 3 and Band 40 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 805
	1 880
	2 300
	2 400

	2nd order harmonics frequency range (MHz)
	3 610
	3 760
	4 600
	4 800

	3rd order harmonics frequency range (MHz)
	5 415
	5 640
	6 900
	7 200

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	420
	595
	4 105
	4 280

	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)
	1 210
	1 460
	2 720
	2 995

	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)
	5 910
	6 160
	6 405
	6 680

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1 705
	1 980
	2 225
	2 475

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	1 785
	1 900
	2 280
	2 420


It can be seen from Table 7.2.3.1.2-2 that the 2nd order IMD products may fall into the BS receive band of Band 31. The 3rd IMD products caused by BS supporting carrier aggregation of Band 3 and Band 40 may fall into the BS receive bands of Band 1, 2, 3, 4, 9, 10, 11, 21, 25, 30, 33, 35, 36, 37, 39, and 40. However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 1, 3, 4, 9, 10, 33, 36, and 37.

It should be noted that Bands 2, 4, 9, 10, 11, 21, 25, 30, 31, and 35 are not intended for use in the same geographical area as Band 3 and 40. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 39, and 40. 
TDD BS does not transmit and receive simultaneously, so the BS’s own band 40 receiver and other synchronized band 40 receivers would not be interfered. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is noted that the harmonics and IMD interference generated in common signal paths within Band 39, if unsynchronized with band 40 may not be well below the receiver noise floor eliminating the possibility of receiver desensitization. Operating band 39 together with band 3 and 40 CA it is either recommended to synchronize bands 39 and 40 carriers or to have at least one of the three carrier signals using separate feeders.
7.2.3.1.3
∆TIB and ∆RIB values

For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 7.2.3.1.3-1, and in table 7.2.3.1.3-2:

Table 7.2.3.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-40A
	3
	FFS

	
	40
	FFS


Table 7.2.3.1.3-2: ΔRIB 

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

	CA_3A-40A
	3
	FFS

	
	40
	FFS


7.2.4
LTE Advanced Carrier Aggregation of Band 8 and Band 40

7.2.4.0
Inter-band CA operating bands
Table 7.2.4-1: 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_8-40
	8
	880 MHz
	–
	915 MHz
	5, 10 
(See note)
	925 MHz
	–
	960 MHz
	5, 10
	FDD

	
	40
	2 300 MHz
	–
	2 400 MHz
	10, 15, 20 
(See note)
	2 300 MHz
	–
	2 400 MHz
	10, 15, 20
	TDD

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


7.2.4.1
List of specific combination issues
7.2.4.1.1
Channel bandwidths per operating band for CA

Table 7.2.4.1.1-1: 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

	CA_8A-40A
	8
	
	
	Yes
	Yes
	
	

	
	40
	
	
	
	Yes
	Yes
	Yes


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

7.2.4.1.2
Co-existence studies for CA_8-40
Table 7.2.4.1.2-1 summarizes frequency ranges where harmonics occur due to Band 8 or Band 40 for both UL and DL. It can be seen that the harmonic frequencies of Band 8 and Band 40 in DL are away from the BS receive bands of interest in the UL. For the UE aspect, the UL harmonic frequencies of Band 8 and Band 40 does not locate within the UE receive bands of interest in the DL. Therefore it can be concluded that there is no issue on harmonic interference.
Table 7.2.4.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	8
	880
	915
	925
	960
	1 760
	1 830
	2 640
	2 745
	1 850
	1 920
	2 775
	2 880

	40
	2 300
	2 400
	2 300
	2 400
	4 600
	4 800
	6 900
	7 200
	4 600
	4 800
	6 900
	7 200


The 2nd DL harmonics of Band 8 carriers may fall into the BS receive band of Bands 2, 25, 33, 35, 37, and 39.
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 8 and Band 40 DL carriers can be calculated as shown in table 7.2.4.1.2-2 below:
Table 7.2.4.1.2-2: Band 8 and Band 40 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2 300
	2 400

	2nd order harmonics frequency range (MHz)
	1 850
	1 920
	4 600
	4 800

	3rd order harmonics frequency range (MHz)
	2 775
	2 880
	6 900
	7 200

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 340
	1 475
	3 225
	3 360

	3rd order IMD products
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	380
	550
	3 640
	3 875

	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)
	4 150
	4 320
	5 525
	5 760

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	825
	1 060
	2 265
	2 435

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	905
	980
	2 290
	2 410


It can be seen from Table 4 that the 2nd order IMD products will fall into the BS receive bands of Band 11 and 21. The 3rd IMD products caused by BS supporting carrier aggregation of Band 8 and Band 40 may fall into the BS receive bands of Band 5, 6, 8, 18, 19, 20, 26, 30, 31, 40, and 43. However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 5, 18, 19, 20, and 26.

It should be noted that Bands 2, 6, 11, 18, 19, 21, 25, 30, and 31 are not intended for use in the same geographical area as Band 8 and 40. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 8, 33, 35, 37, 39, 40 and 43. 
TDD BS does not transmit and receive simultaneously, so the BS’s own band 40 receiver and other synchronized band 40 receivers would not be interfered. With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it recommended that the harmonics and IMD interference generated within the Bands 8, 33, 35, 37, 39, 43, and unsynchronized Band 40 generated in common signal paths is carefully considered. (E.g. by separating band Tx path from the other bands in the feeder system).
7.2.4.1.3
∆TIB and ∆RIB values
For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 7.2.4.1.3-1, and in table 7.2.4.1.3-2:

Table 7.2.4.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_8A-40A
	8
	0,3

	
	40
	0,3


Table 7.2.4.1.3-2: ΔRIB 

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

	CA_8A-40A
	8
	0

	
	40
	0


7.2.5
LTE Advanced Carrier Aggregation of Band 3 and Band 42 (1 UL)

7.2.5.0
Inter-band CA operating bands

Table 7.2.5-1: 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_3-42
	3
	1 710 MHz
	–
	1 785 MHz
	5, 10, 15, 20 
	1 805 MHz
	–
	1 880 MHz
	5, 10, 15, 20
	FDD

	
	42
	3 400 MHz
	–
	3 600 MHz
	5, 10,15, 20
	3 400 MHz
	–
	3 600 MHz
	5, 10, 15, 20
	TDD


7.2.5.1
List of specific combination issues

7.2.5.1.1
Channel bandwidths per operating band for CA

Table 7.2.5.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_3A-42A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

7.2.5.1.2
Co-existence studies for CA_3-42

As shown in Table 7.2.5.1.2-1, second harmonics of Band 3 UL and DL fall into frequency ranges of Band 42 and 43 respectively.
Table 7.2.5.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	3
	1 710
	1 785
	1 805
	1 880
	3 420
	3 570
	5 130
	5 355
	3 610
	3 760
	5 415
	5 640

	42
	3 400
	3 600
	3 400
	3 600
	6 800
	7 200
	10 200
	10 800
	6 800
	7 200
	10 200
	10 800


Table 7.2.5.1.2-2 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 3 and Band 42. 

Table 7.2.5.1.2-2: Band 3 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 805
	1 880
	3 400
	3 600

	2nd order harmonics frequency range (MHz)
	3 610
	3 760
	6 800
	7 200

	3rd order harmonics frequency range (MHz)
	5 415
	5 640
	10 200
	10 800

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1 520
	1 795
	5 205
	5 480

	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)
	10
	360
	4 920
	5 395

	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)
	7 010
	7 360
	8 605
	9 080

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1 605
	2 080
	3 325
	3 675

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	1 785
	1 900
	3 380
	3 620


It can be seen from table 7.2.5.1.2-1 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 3 and Band 42 fall into the BS receive band of Bands 3, 4, 9, 10, 24 and 43, while some 3rd IMD products fall into the BS receive band of Bands 1, 2, 3, 4, 9, 10, 22, 23, 24, 25, 33, 34, 35, 36, 37, 39, 42 and 43. Note that the calculation in table 6.5.2.1.2-1 (except the last row) assumes the BS transmits the whole 20 MHz DL frequency of Band 3 and the whole 200 MHz DL frequency of Band 42. However even if the BS only transmits up to 20 MHz DL in Band 3 and up to 20 MHz DL in Band 42 as stated in Table 7.2.5.1.1-1, the 3rd IMD products may still fall into the BS receive band of the Bands 22, 42, 43 as shown in the last row in table 7.2.5.1.2-1.

7.2.5.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 3 and Band 42. These relaxations are derived from the assumption that harmonic trap filter for Band 3 is not considered. The relaxations based on the implement of harmonic trap filter are FFS.

Table 7.2.5.1.3-1: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_3A-42A
	3
	0,3

	
	42
	[0,8]


Table 7.2.5.1.3-2: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_3A-42A
	3
	0

	
	42
	[0,5]


7.2.6
LTE Advanced Carrier Aggregation of Band 26 and Band 41

7.2.6.0
Inter-band CA operating bands

Table 7.2.6-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high 
	
	FDL_low – FDL_high 
	
	

	CA_26-41
	26
	814 MHz
	–
	849 MHz
	5, 10, 15, 20
	859 MHz
	–
	894 MHz
	5,10,15,20
	FDD

	
	41
	2 496 MHz
	–
	2 690 MHz
	5, 10, 15, 20
	2 496 MHz
	–
	2 690 MHz
	5,10,15,20
	TDD


7.2.6.1
List of specific combination issues

7.2.6.1.1
Channel bandwidths per operating band for CA

Table 7.2.6.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_26A-41A
	26
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.
7.2.6.1.2
Co-existence studies for CA_26-41

7.2.6.1.2.0
Harmonics and IMD products
Table 7.2.6.1.2-1gives the intermodulation products for Band 26 + Band 41 CA with 2 DLs. For the IMD analysis the maximum transmission as defined in table 7.2.6.1.1-1 is considered. It can be seen from the table that the 2nd harmonics of BS transmitting in Band 26 may fall into the BS receive band of Bands 3, 4, 9 and 10 and the 3rd harmonics of BS transmitting in Band 26 may fall into the BS receive band of Bands 38 and 41, while the 2nd IMD products caused by BS supporting CA of Band 26 and Band 41 may fall into the BS receive band of Band 3, 4, 9, 10, 22, 24 and 42, and the 3rd IMD products may fall into the BS receive band of Bands 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 38, 41 and 44. Note that Bands 7, 8, 20 and 38 are not intended for use in the same geographical area as Bands 26 and 41. Therefore, sharing antenna for CA operation between Band 26 and Band 41 is not recommended. In addition, when one deploys CA_26-41 operation in certain region, these co-existence studies should be taken into account because harmonics and IMDs could fall into twenty bands in total.

Table 7.2.6.1.2-1: 2DLs B26 + B41 harmonics and IMD products frequency limits

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	859
	894
	2 496
	2 690

	2nd order harmonics frequency range (MHz)
	1 718
	1 788
	4 992
	5 380

	3rd order harmonics frequency range (MHz)
	2 577
	2 682
	7 488
	8 070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	1 602
	1 831
	3 355
	3 584

	3rd order IMD products
	|f2_high – 2*f1_low|
	|f2_low – 2*f1_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	708
	972
	4 098
	4 521

	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)
	4 214
	4 478
	5 851
	6 274

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	665
	1 088
	2 461
	2 725

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – max BW f2|
	|f1_high + max BW f2|
	|f2_low – max BW f1|
	|f2_high + max BW f1|

	IMD frequency limits (MHz)
	839
	914
	2 486
	2 700


7.2.6.1.2.1
B26 UE receiver harmonic mixing problem

This CA combination is associated with an undesired property that the B41 UL carrier can align with 3rd order harmonic of B26 DL carrier, as shown in Table 7.2.6.1.2.1-1, which could potentially cause B26 desensitization problem if simultaneous Tx/Rx would be operated, due to the known harmonic mixing problem in typical receiver design.

Table 7.2.6.1.2.1-1 B26 DL and B41 UL harmonic relation
	 
	B26 DL
	B26 DL x3 
	B41

	Range (MHz)
	859 - 894
	2 577 - 2 682
	2 496 – 2 690


Using the commonly adopted L/H band UE reference architecture, as shown in Figure 7.2.6.1.2.1-1, the B41 UL power at B26 LNA input is estimated to be around -33 dBm. Considering that a typical receiver path (excluding off-chip filters) 3rd order harmonic rejection performance would not be better than 20 dB (which includes 9-dB rejection from switching mixer and less than 10 dB from matching selectivity), the desensitization level is expected to be more than 50 dB which can virtually nullify the receiver function. On the other hand, if a transceiver could provide up to 20-dB 3rd order harmonic rejection, to avoid self-desensitization, the isolation from B41 PA output to B26 LNA input will still be better than 100 dB, which likely cannot be achieved even with additional bandpass filters cascaded before LNA.
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Figure 7.2.6.1.2.1-1 UE reference architecture for self-desensitization analysis
Although adding bandpass filters can help reduce desensitization level, it will also introduce additional insertion loss to B26 receiver, yet the MSD is expected to be still higher than 20 dB due to finite PCB isolation. Therefore, it is suggested network to avoid simultaneous Tx/Rx operation when the B41 UL and B26 DL 3rd harmonic alignment condition occurs.

7.2.6.1.3
∆TIB and ∆RIB values
For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 7.2.6.1.3-1, and in table 7.2.6.1.3-2:

Table 7.2.6.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_26A-41A
	26
	0,3

	
	41
	0,3


Table 7.2.6.1.3-2: ΔRIB 

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

	CA_26A-41A
	26
	0

	
	41
	0


7.2.7
LTE-Advanced Carrier Aggregation of Band 3 and Band 38 (1 UL)

CA details are defined in Rel’13 TR 36.852-13.

7.2.7.0
Void
7.2.7.1
Void
7.2.7.1.1
Void
Table 7.2.7.1.1-1: Void
7.2.7.1.2
Void
Table 7.2.7.1.2-1: Void
Table 7.2.7.1.2-2: Void
7.2.7.1.3
Void
Table 7.2.7.1.3-1: Void
Table 7.2.7.1.3-2: Void
Table 7.2.7.1.3-3: Void
Table 7.2.7.1.3-4: Void
7.2.8
LTE Advanced Carrier Aggregation of Band 19 and Band 42 (1 UL)

7.2.8.0
Inter-band CA operating bands

Table 7.2.8-1: 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_19-42
	19
	830 MHz
	–
	845 MHz
	5, 10, 15 
	875 MHz
	–
	890 MHz
	5, 10, 15
	FDD

	
	42
	3 400 MHz
	–
	3 600 MHz
	5, 10,15, 20
	3 400 MHz
	–
	3 600 MHz
	5, 10, 15, 20
	TDD


7.2.8.1
List of specific combination issues

7.2.8.1.1
Channel bandwidths per operating band for CA

Table 7.2.8.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_19A-42A
	19
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

7.2.8.1.2
Co-existence studies for CA_19-42

The harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 7.2.8.1.2-1. Therefore it can be concluded that there is no issue on harmonic interference.

Table 7.2.8.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

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

	19
	830
	845
	875
	890
	1 660
	1 690
	2 490
	2 535
	1 750
	1 780
	2 625
	2 670

	42
	3 400
	3 600
	3 400
	3 600
	6 800
	7 200
	10 200
	10 800
	6 800
	7 200
	10 200
	10 800


Table 7.2.8.1.2-1 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 19 and Band 42.It can be seen from table 7.2.8.1.2-1 that some 2nd harmonic products of Band 19 fall into the BS receive band of Bands 3, 4, 9 and 10, while some 3rd harmonic products fall into the BS receive band of Bands 41.
Table 7.2.8.1.2-2: Band 19 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	875
	890
	3 400
	3 600

	2nd order harmonics frequency range (MHz)
	1 750
	1 780
	6 800
	7 200

	3rd order harmonics frequency range (MHz)
	2 625
	2 670
	10 200
	10 800

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	2 510
	2 725
	4 275
	4 490

	3rd order IMD products
	|2*f1_high – f2_low|
	|2*f1_low – f2_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1 620
	1 850
	5 910
	6 325

	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)
	5 150
	5 380
	7 675
	8 090

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	675
	10 90
	3 385
	3 615

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – f2_BWmax|
	|f1_high + f2_BWmax|
	|f2_low – f1_BWmax|
	|f2_high + f1_BWmax|

	IMD frequency limits (MHz)
	855
	910
	3 385
	3 615


It can be seen from table 7.2.8.1.2-2 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 19 and Band 42 fall into the BS receive band of Bands 7, 38 and 41, while some 3rd IMD products fall into the BS receive band of Bands 3, 4, 5, 6, 8, 9, 10, 12, 13, 14, 17, 18, 19, 20, 22, 24, 26, 27, 28, 42, 43 and 44. Note that the calculation in table 7.2.8.1.2-2 (except the last row) assumes the BS transmits the whole 15 MHz DL frequency of Band 19 and the whole 200 MHz DL frequency of Band 42. However even if the BS only transmits up to 15 MHz DL in Band 19 and up to 20 MHz DL in Band 42 as stated in Table 7.2.8.1.1-1, the 3rd IMD products may still fall into the BS receive band of the Bands 3, 4, 8, 9, 10, 20, 22, 24, 42, 43 as shown in the last row in table 7.2.8.1.2-2.

It should be noted that Bands 4, 7, 10, 20 and 24 are not intended for use in the same geographical area as Band 19 and Band 22 is not intended for use in the same geographical area as Band 42. Consequently, the focus is on the IMD products falling into Bands 3, 8, 9, 38, 41, 42 and 43, where receiver desensitization might be an issue.
TDD BS does not transmit and receive simultaneously, so the BS’s own band 42 receiver and other synchronized band 42 receivers would not be interfered. Therefore, it is recommended that Bands 19 and 42 BS transmitters should not share the same antenna with Band 3, 8, 9 or unsynchronized Band 38, 41, 43 BS receivers, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 3, 8, 9 or unsynchronized 38, 41, 43 BS receivers desensitization.
7.2.8.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 19 and Band 42.

Table 7.2.8.1.3-1: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_19A-42A
	19
	0,3

	
	42
	[0,8]


Table 7.2.8.1.3-2: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_19A-42A
	19
	0

	
	42
	[0,5]


7.2.9
LTE Advanced Carrier Aggregation of Band 25 and Band 41

7.2.9.0
Inter-band CA operating bands

CA_25-41 is designed to operate in the operating bands in table 7.2.9-1.

Table 7.2.9-1: 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_25-41
	25
	1 850 MHz
	–
	1 915 MHz
	5, 10, 15, 20 
(see note)
	1 930 MHz
	–
	1 995 MHz
	5, 10, 15, 20
	FDD

	
	41
	2 496 MHz
	–
	2 690 MHz
	5, 10, 15, 20 
(see note)
	2 496 MHz
	–
	2 690 MHz
	5, 10, 15, 20
	TDD

	NOTE:
The WI considers only one uplink component carrier to be used in Band 25 at any time.


7.2.9.1
List of specific combination issues

7.2.9.1.1
Channel bandwidths per operating band for CA

Table 7.2.9.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_25A-41A
	25
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE should support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.

7.2.9.1.2
Co-existence studies for 1UL/2DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 25 and Band 41 DL carriers can be calculated as shown in Table 7.2.9.1.2-1 below:

Table 7.2.9.1.2-1: Band 25 and Band 41 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 930
	1 995
	2 496
	2 690

	2nd order harmonics frequency range (MHz)
	3 860
	3 990
	4 992
	5 380

	3rd order harmonics frequency range (MHz)
	5 790
	5 985
	7 488
	8 070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	501
	760
	4 426
	4 685

	3rd order IMD products
	|2*f1_high – f2_low|
	|2*f1_low – f2_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	1 170
	1 494
	2 997
	3 450

	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)
	6 356
	6 680
	6 922
	7 375

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	1 736
	2 189
	2 431
	2 755

	3rd order IMD products (with maximum channel bandwidth)
	|f1_low – f2_BWmax|
	|f1_high + f2_BWmax|
	|f2_low – f1_BWmax|
	|f2_high + f1_BWmax|

	IMD frequency limits (MHz)
	1 910
	2 015
	2 476
	2 710


It can be seen from Table 7.2.9.1.2-1 that the 2nd IMD products caused by BS supporting carrier aggregation of Band 25 and Band 41 may fall into the BS receive band of Bands 12, 17, 28 and 44, and the 3rd IMD products may fall into the BS receive band of Bands 1, 2, 3, 4, 7, 9, 10, 11, 21, 22, 23, 25, 33, 34, 35, 36, 37, 38, 39, 41 and 42. Note that the calculation in Table 7.2.9.1.2-1 (except the last row) assumes the BS is transmitting with the whole 65 MHz frequency of Band 25 and the whole 194 MHz frequency of Band 41. If the BS is only transmitting an up to 20 MHz DL in Band 25 and Band 41 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 2, 3, 4, 9, 10 or 35 as shown in the last row in Table 7.2.9.1.2-1. Moreover, the 3rd IMD products will not fall into the BS own (up to 20 MHz) receive block within Band 25, as the transmit-receiver frequency separation is 80 MHz.
Note that Bands 1, 7, 11, 21, 28, 33, 34, 38, 39 and 44 are not intended for use in the same geographical area as Bands 25 and 41. Moreover, co-location of Band 25 transmitter and Band 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Furthermore, the Band 41 BS deployed in the same geographical area are assumed to be synchronized so that the Band 41 BS receivers will not be interfered by the Band 41 BS transmission. Therefore, the focus here is on the IMD falling into Bands 12, 17, 22, 23, 25 and 42.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the harmonics and IMD interference generated within the Band 12, 17, 22 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 25 and 41 BS transmitters do not share the same antenna with Band 12, 17, 22 or 42 BS receiver. But there is not a large frequency gap between Band 25 DL and Bands 23 and 25 UL, and hence Bands 23 and 25 BS receiver desensitization may still be an issue.

Therefore, it is recommended that Bands 25 and 41 BS transmitters should not share the same antenna with Band 23 or 25 BS receiver to prevent BS receiver desensitization, or Band 12, 17, 22 or 42 BS receiver unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 12, 17, 22 or 42 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

7.2.9.1.3
ΔTIB,c and ΔRIB (1 UL)

For the UE which supports CA_25A-41A the ΔTIB,c is defined for applicable bands in table 7.2.9.1.3-1.
Table 7.2.9.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_25A-41A
	25
	0,5

	
	41
	0,5


For the UE which supports CA_25A-41A the ΔRIB is defined for applicable bands in table 7.2.9.1.3-2.
Table 7.2.9.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_25A-41A
	25
	0

	
	41
	0
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R4-125401, "TP for CA band combination B3+19"
Editorial updates by the rapporteur:

· Version number changed

· Removed the word "non-contiguous"
Minor table reference corrections
	0.1.0
	0.2.0

	2013-01
	RAN4#66
	R4-130546
	
	
	The following TPs have been implemented:

R4-126098, "TP for TR 36.8xx (Inter-Band CA Rel-12): LTE_CA_B3_B26 Core Requirements"
R4-126251, "TP for TR36.8xx (Release12): LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 28 (1UL)"
R4-126107, "Harmonics and intermodulation products generated by the BS supporting LTE-A CA of Band 2 and Band 4"
R4-126407, "Interband CA B2+B4 UE issues"
Editorial updates by the rapporteur:

· TR number updated to 36.851.

· Version number changed 

· Added a table to the Scope clause that lists all Rel-12 inter-band carrier aggregation combinations

· LTE_CA_B38_B39 have been removed from the report

· LTE_CA_B1_B7 text from TS 36.850 have been included in this report

· Added missing reference [4]

· Changed the order of subclause 6.1,1, 6.1.2 and 6.1.3 (UID Order)
· Minor editorial corrections


	0.2.0
	0.3.0

	2013-04
	RAN4#66bis
	R4-131374
	
	
	The following TPs have been implemented:

R4-130196, "TP for TR36.851: CA_1A-26A UE/BS RF aspects" 

R4-130883, "TP for TR36.851 (Rel-12) : ∆TIB and ∆RIB values of LTE-A Inter-band Carrier Aggregation of Band 3 and Band 19"
R4-130033, "TP for TR 36.851: Quadplexer insertion loss data for aggregating band 1"
R4-130727, "Additional IL for Band 1 + Band 7 combination"
R4-130885, "TP for TR 36.851 on IMD study of inter-band CA B39 + B41"
R4-130889 : "TP for TR 36.851 on UE issues for B39+B41"
R4-130558, "TP 36.851: modified classes of inter-band combinations (up to 2 UL)"
Editorial updates by the rapporteur: 

· Version number changed 

· Title modified and aligned with TR 36.850
· Table 1-1 updated with 3 new work items

· Values in Table 6.3.3.1.3-2 replaced by "[FFS]"
 Minor editorial corrections
	0.3.0
	0.4.0

	2013-05
	RAN4#67
	R4-132863
	
	
	The following TPs have been implemented:

R4-130993, "TP for TR36.851 (Release 12): ∆TIB and ∆RIB values of LTE-A Inter-band Carrier Aggregation of Band 2 and Band 13 (1UL)" 

R4-131197, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products for Band Combination (2 + 12)"
R4-131200, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products for Band Combination (3 + 26)"
R4-131201, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (23 + 29)"
R4-131210, "CA_2A-4A addition on 20 MHz channel bandwidth"
R4-131249, "CA_B2_B12: Core requirement considerations and text proposal"
R4-131292, "TP for 36.851 Rel-12: Additional insertion loss data for CA_2-4"
R4-131925, "TP for TR 36.851 (Inter-Band CA Rel-12): LTE_CA_B8_B26 Operating Bands"
R4-131926, "TP for TR 36.851 (Inter-Band CA Rel-12): LTE_CA_B19_B21 Core Requirements"
R4-131985, "TP for TR 36.851 (Inter-Band CA Rel-12): LTE_CA_B23_B29 Core Requirements"
Editorial updates by the rapporteur: 

· Version number changed 

· Renumbering of sub-clause numbers 6.1.1-6.1.5

· Minor editorial corrections


	0.4.0
	0.5.0

	2013-08
	RAN4#68
	R4-133849
	
	
	The following TPs have been implemented:

R4-132189, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (2 + 13)" 

R4-132190, "Corrections on Coexistence Studies of Harmonics and Intermodulation Products for Band Combination (3 + 26)" 

R4-131054, "Update on harmonics and intermodulation products generated by the BS supporting LTE-A CA of Band 2 and Band 4" 

Editorial updates by the rapporteur: 

· Version number changed 

· Minor editorial corrections


	0.5.0
	0.6.0

	2013-10
	RAN4#68bis
	R4-134922
	
	
	The following TPs have been implemented:

R4-133147, "TP for TR 36.851: Supported E-UTRA bandwidths per CA configuration for inter-band CA"
R4-133371, "TP for TR36.851 (Release 12): ∆TIB and ∆RIB values of LTE-A Inter-band Carrier Aggregation of Band 2 and Band 5 (1UL)" 
R4-133370, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (2 + 5)" 

R4-133475, "TP for TR36.851 (Release 12): ∆TIB and ∆RIB values of LTE-A Inter-band Carrier Aggregation of Band 2 and Band 12 (1UL)" 

R4-133644, "TP for TR36.851: CA_1A-26A specifications" 
R4-134414, "Revised TP for TR36.851: CA_1A-18A specifications" 
R4-134416, "CA_B12_B25: Core requirement considerations and text proposal" 
Editorial updates by the rapporteur: 

· Version number changed 

· Table 1-1 updated with 3 new work items

· Minor editorial corrections
	0.6.0
	0.7.0

	2013-11
	RAN4#69
	R4-135966
	
	
	The following TPs have been implemented:

R4-134704, "TP for TR36.851 (Release 12): TIB and RIB values of LTE-A Inter-band Carrier Aggregation of Band 5 and Band 25 (1UL)" 
R4-134819, "TP for TR36.851: TIB and RIB values of LTE CA of Band 5&7"
R4-134820, "TP for TR36.851: Co-existence studies for CA_7-28"
R4-134821, "TP for TR36.851: TIB and RIB values of LTE CA of Band 7&28"
R4-135699," TP for TR36.851: Co-existence studies for CA5-7"
R4-134706, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (5 + 25)"
R4-134597, "Text proposal for LTE-A inter-band CA B12+B25 (2DL/1UL)"
R4-134667, "TP for TR36.851 (Rel-12) : IMD and Harmonics Issues on LTE-A Inter-band Carrier Aggregation of Band 1 and Band 11"
R4-134668, "TP for TR36.851 (Rel-12) : IMD and Harmonics Issues on R4-134668, LTE-A Inter-band Carrier Aggregation of Band 8 and Band 11"
Editorial updates by the rapporteur: 

· Version number changed 

· Table 1-1 updated with 4 new work items

Minor editorial corrections
	0.7.0
	0.8.0

	2014-02
	RAN4#70
	R4-140843
	
	
	The following TPs have been implemented:

R4-137031, "TP on UE requirement structure for TDD inter-band CA_B39_B41" 

R4-136063, "TP for TR36.851 (Release 12): ∆TIB and ∆RIB values of LTE-A Inter-band Carrier Aggregation of Band 5 and Band 30 (1UL)" 

R4-134714, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (5 + 30))"
R4-134709, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (2 + 30)"
R4-136066, "TP for TR36.851 (Release 12): ∆TIB and ∆RIB values of LTE-A Inter-band Carrier Aggregation of Band 29 and Band 30 (1UL)"
R4-134716, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (29 + 30)"
R4-134713, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (4 + 30)"
 Editorial updates by the rapporteur: 

Version number changed 

Added headings to sub-clause 6.1.16 and 6.1.18

Clause numbering in 6.1.2 corrected

 Minor editorial corrections
	0.8.0
	0.9.0

	2014-03
	RAN4#70-Bis
	R4-141475
	
	
	The following TPs have been implemented:

R4-140018, "R4-69AH-0077: TP to 36.851 on 1+20 Harmonic and IMD analysis (CA_1-3-20 leading and CA_1-7-20)"
R4-141045, "R4-69AH-0100: TP to 36.851 on 7+8 Harmonic and IMD analysis (CA_7-8-20)"
R4-140079, "TP for TR36.851: Operating Bands for LTE_CA_B8_B27"
R4-140450, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (1 + 28)"
R4-140475, "Text Proposal on Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (12 + 30)"
R4-140476, "TP for TR36.851 (Release 12): TIB and RIB values of LTE-A Inter-band Carrier Aggregation of Band 12 and Band 30 (1UL)"
R4-140585, "TP for TR36.851 (Rel-12) : Insertion loss value proposal of CA 1+11"
R4-140587, "TP for TR36.851 (Rel-12) : Insertion loss value proposal of CA 8+11"
R4-140913, "TP 36.851 v0.9.0: additional bandwidth combination set for CA_2A-4A"
R4-140970, "TP for TR 36.851: DeltaTIB and DeltaRIB values for LTE-A Inter-band Carrier Aggregation of Band 4 and Band 27 (1UL)"
R4-141181, "TP for TR 36.851: B1+B5 Harmonic and IMD analysis for 3DLs CA_1A_5A_7A band combination UE"
R4-141183, "Text Proposal on Coexistence Studies of Harmonics and intermodulation products analysis supporting LTE-A CA of Band 1 and Band 3"
R4-141185, "TP for TR 36.851: Harmonics and Intermod analysis for LTE-A Inter-band Carrier Aggregation of Band 4 and Band 27 (1UL)"
R4-141232, "TP for TR 36.851: Rib values for CA_39A-41A"
R4-141256, "TP for TR36.851: LTE_CA_B3_B27"
Editorial updates by the rapporteur: 

Version number changed
Updated scope table with new band combinations

Split the scope table to separate 3 band CA combinations

Added headings for missing sub-clauses in TPs

Clause numbering corrected
Minor editorial corrections
	0.9.0
	0.10.0

	2014-05
	RAN4#71
	R4- 143471
	
	
	The following TPs have been implemented:

R4-141322, "TP for TR 36.851: Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 20"

R4-141324, "TP for TR 36.851: Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 7 and Band 20"

R4-141339, "TP for TR36.851: Operating bands and CA configurations on LTE Advanced Carrier Aggregation of Band Combination (1+42)"

R4-141403, "TP for TR36.851: Editorial corrections for CA 1+8"

R4-141475, "TR 36.851 V0.10.0: Rel-12 Inter-band Carrier Aggregation"

R4-141525, "TP for TR 36.851: Correction of Harmonics and Intermod analysis for LTE-A Inter-band Carrier Aggregation of Band 4 and Band 27 (1UL)"

R4-141755, "TP for TR 36.851: Coexistence Studies of Harmonics and intermodulation products analysis supporting LTE-A CA of Band 8 and Band 27"

R4-141879, "TP for TR 36.851: Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (1 + 18)"

R4-141902, "TP for TR 36.851: Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (18 + 28)"

R4-141943, "TP for TR 36.851: Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (4 + 12)"

R4-142018, "TP for TR 36.851: Skeleton for TDD-FDD CA"

R4-142203, "Bulk Corrections for Harmonics and Intermod anlaysis in TR 36.851"

R4-142455, "TP for TR 36.851: Channel bandwidth for CA B41+B42"

R4-142456, "TP for TR 36.851: B41+B42 Harmonic and IMD analysis"

R4-142457, "TP to TR 36.851: Harmonics/IMD analysis and channel bandwidths for CA_7A-22A"

R4-142482, "Text Proposal for TR 36.851: BS harmonics and intermodulation analysis for TDD-FDD CA B1+B41 combination (CA_1A-41A)"

R4-142483, "TP for TR36.851: Co-existence study on LTE Advanced Carrier Aggregation of Band Combination (1+42)"

R4-142484, "TP for TR36.851: Harmonics and intermodulation product analysis supporting LTE-Advanced CA of Band 3 and Band 40"

R4-142485, "TP for TR36.851: Harmonics and intermodulation product analysis supporting LTE-Advanced CA of Band 8 and Band 40"

R4-142548, "TP for TR 36.851: LTE_CA_B5_B13 introduction"

R4-142549, "TP for TR36.851: TIB and RIB proposal for CA 1+11"

R4-142553, "Simulation results on UE for Band18+Band28 CA"

Editorial updates by the rapporteur: 

Version number changed

Updated scope table with new band combinations

Added another table to capture TDD FDD band combinations

Added headings for missing sub-clauses in TPs

Clause numbering corrected

Other minor editorial corrections
	0.10.0
	0.11.0

	2014-08
	RAN4#72
	R4-144851
	
	
	The following TPs have been implemented:

R4-143148, "TP for TR36.851: Insertion Loss for TDD-FDD CA of Band 8 and Band 40" (KT).

Editorial updates by the rapporteur: 

Version number changed

Other minor editorial corrections
	0.11.0
	0.12.0

	2014-10
	RAN4#72-BIS
	R4-146316
	
	
	The following TPs have been implemented:

R4-144239, "TP 36.851: additional bandwidth combination set for CA_2A-4A" (T-Mobile USA).

R4-144283, "TP for TR36.851 (Rel-12): Updated TIB and RIB proposal for CA 8+11" (SoftBank Mobile).

R4-144648, "TP for TR36.851: UE RF requirements for CA_B26-B41" (KDDI).

R4-144978, "TP for 36.851: UE requirements for fallback modes of 3DL combinations with Band 30" (Ericsson).

R4-145007, "TP for TR 37.851: Fallback modes for 3DL CA Band 1+3+20" (Ericsson).

R4-145089, "TP 36.851: additional bandwidth combination set for CA_4A-12A" (T-Mobile USA).

R4-145454, "TP for TR36.851: UE relaxation requirements for CA_B18-B28" (KDDI).

R4-145455, "TP for TR36.851: TIB and RIB for CA_B18-B28" (KDDI).

R4-145496, "TP for TR36.851: On Coexistence Studies of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (26 + 41)" (KDDI).

R4-145565, "TP for 36.851: Delta Tib and Delta Rib for inter-band CA B41+B42" (Huawei).

R4-145058, "TP for the addition of 3MHz bandwidth for Band 12, in the B2+B12 CA combination" (U.S. Cellular).
RP-141245, "TP for 36.851: B1+B3 CA remaining specs" (China Unicom)

RP-141638, "TP for TR 36.851: Band 1 and Band 7 UE Tx and Rx relaxations" (LGUplus, Qualcomm Incorporated, LG Electronics, Nokia Corporation, Intel Corporation, MediaTek)

Editorial updates by the rapporteur: 

Version number changed

Updated scope table with new band combinations

Added headings for missing sub-clauses in TPs

Clause numbering corrected

Updated Annex

Other minor editorial corrections
	0.12.0
	0.13.0

	2014-11
	RAN4#73
	R4-147550
	
	
	The following TPs have been implemented:

R4-145707, "TP for TR 36.851: TDD-FDD CA for B1+B41" (China Telecom).

R4-145821, "TP for TR36.851: DTIB and DRIB for CA_B1_B28" (KDDI).

R4-145822, "TP for TR36.851: UE RF requirements for CA_B26_B41" (KDDI).

R4-145913, "TP for TR36.851 on LTE Advanced Carrier Aggregation of Band Combination (1+42)" (NTT DOCOMO, INC.).

R4-146162, "TP for TR 36.851: Corrections of Harmonics and Intermodulation Products caused by LTE Advanced Carrier Aggregation of Band Combination (5 + 13)" (Alcatel-Lucent, Intel Corporation, Verizon).

R4-146173, "TP for TR 36.851: Updates of Harmonics and Intermodulation Products caused by LTE Advanc Carrier Aggregation of Band Combination (26 + 41)" (Alcatel-Lucent, KDDI).

R4-146383, "TP to 36.851: additional bandwidth combination set for CA_2A-5A" (Ericsson).

R4-146734, "TP for TR36.851: UE RF requirements for CA_3A-38A" (Nokia Corporation).

R4-146735, "TP for Rel-13 2DL TR 36.8xx: LTE_CA_B5_B13" (Intel Corporation, Verizon ).

R4-146766, "TP for TR36.851 on LTE Advanced Carrier Aggregation of Band Combination (3+42)" (NTT DOCOMO, INC.).

Editorial updates by the rapporteur: 

Version number changed

Updated scope table with new band combinations

Added headings for missing sub-clauses in TPs

Clause numbering corrected

Updated Annex

Other minor editorial corrections
	0.13.0
	0.14.0

	2015-02
	RAN4#74
	R4-150877
	
	
	The following TPs have been implemented:

R4-146933, "TP to TR36.851 on BS harmonics and IMD analysis for CA of Band 3 and Band 38" (Nokia Networks).

R4-147578, "TP for Rel-12 2DL TR 36.851: TDD-FDD CA for B1+B41 combination (CA_1A-41A)" (Ericsson, KDDI).

R4-147676, "TP for TR36.851: UE Low-band receiver harmonic mixing problem for CA_B26_B41" (MediaTek Inc.).

R4-148005, "TP for TR 36.851: coexistence studies and UE requirements for CA_7-12" (Ericsson).

R4-148010, "TP for TR36.851 LTE Advanced Carrier Aggregation of Band Combination (19+42)" (NTT DOCOMO, INC.).

R4-148015, "TP for TR36.851: MSD proposal on CA_B1_B28" (KDDI).

R4-148101, "Band 7+8 reference sensitivity and TP to 36.851" (Vodafone).

Editorial updates by the rapporteur: 

Version number changed

Updated scope table with new band combinations

Added headings for missing sub-clauses in TPs

Clause numbering corrected

Updated Annex

Other minor editorial corrections
	0.14.0
	0.15.0

	2015-03
	3GPPRAN#67
	RP-150072
	
	
	The following TPs have been implemented:

R4-150464, "TP for TR 36.851: LTE Advanced Carrier Aggregation of Band Combination (25 + 41)" (Alcatel-Lucent, Sprint).

R4-150466, "TP for TR 36.851: Coexistence Studies for LTE Advanced Carrier Aggregation of Band Combination (25 + 41)" (Alcatel-Lucent, Sprint).

Editorial updates by the rapporteur: 

Implemented ETSI drafting rules in entire document

Version number changed

Updated scope table with new band combinations

Added headings for missing sub-clauses in TPs

Clause numbering corrected

Updated Annex

Other minor editorial corrections
	0.15.0
	2.0.0

	2015-03
	RP-67
	RP-150498
	
	
	Editorial corrections: TR submitted for approval
	2.0.0
	2.0.1

	2015-03
	RP-67
	RP-150498
	
	
	TR approved by RAN plenary
	2.0.1
	12.0.0

	2015-07
	RP-68
	RP-150971
	0001
	
	Removal of results for CA_7-22 to be handled in later release
	12.0.0
	12.1.0

	2015-07
	RP-68
	RP-150970
	0002
	
	Removal of CA_3-38 to be handled in later release
	12.0.0
	12.1.0
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