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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 for 2DL/1UL under Rel-13 time frame. The purpose is to gather the relevant background information and studies in order to address Inter-band Carrier Aggregation requirements.
This TR covers relevant background information and studies in order to address Inter-band Carrier Aggregation (2DL/1UL) requirements for the Rel-13 band combinations in table 1-1.
 Table 1-1: Release 13 inter-band carrier aggregation combinations (2DL/1UL)
	WI code
	WI title
	Class

	LTE_CA_B2_B28
	LTE Advanced inter-band Carrier Aggregation of Band 2 and Band 28
	A1

	LTE_CA_B3_B31
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 31
	A2

	LTE_CA_B4_B28
	LTE Advanced inter-band Carrier Aggregation of Band 4 and Band 28
	A2

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

	LTE_CA_B19_B28
	LTE Advanced inter-band Carrier Aggregation of Band 19 and Band 28
	A3

	LTE_CA_B20_B31
	LTE Advanced inter-band Carrier Aggregation of Band 20 and Band 31
	A3

	LTE_CA_B25_B26
	LTE Advanced inter-band Carrier Aggregation of Band 25 and Band 26
	A1

	LTE_CA_B5_B7_BWset
	Additional bandwidth combination set for LTE Advanced inter-band Carrier Aggregation of Band 5 and Band 7
	A1


The scope of the report also covers the 2 DL fallback modes for the 3 DL Carrier Aggregation combinations with single UL configuration [2]. These 3 DL/1UL combinations (with 2 DL fallback modes) are listed in table 1-2. In addition, the report also covers the LTE TDD-FDD joint operation including Carrier Aggregation combinations [3], captured in Table 1-3.
Table 1-2: Release 13 inter-band carrier aggregation combinations (3 DL/1UL)
	WI code
	WI title

	LTE_CA_B2_B5_B29
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 5 and Band 29

	LTE_CA_B38_B40_B40
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 38, Band 40 and Band 40

	LTE_CA_B3_B7_B28
	LTE Advanced 3 Band Carrier Aggregation (3DL) of Band 3, Band 7 and Band 28

	LTE_CA_B1_B8_B28
	LTE Advanced 3 band Carrier Aggregation (3DL/1UL) of Band 1, Band 8 and Band 28


Table 1-3: Release 13 inter-band carrier aggregation combinations (LTE TDD-FDD joint operation)

	WI code
	WI title
	Class

	LTE_CA_B1_B40
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 40
	-

	LTE_CA_B3_B40
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 40
	A3

	LTE_CA_B21_B42
	LTE Advanced inter-band Carrier Aggregation of Band 21 and Band 42
	A5

	LTE_CA_B7_B40_B40
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 7, Band 40 and Band 40
	-

	LTE_CA_B5_B40
	LTE Advanced inter-band Carrier Aggregation of Band 5 and Band 40
	-

	LTE_CA_B20_B40
	LTE Advanced inter-band Carrier Aggregation of Band 20 and Band 40
	-

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

	LTE_CA_B3_B41
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 41
	-

	LTE_CA_28A-40C
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 28, Band 40 and Band 40
	-


This TR 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

The present document is a technical report for Inter-band Carrier Aggregation for 2DL/1UL under Rel-13 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
5.2.2
Class A2. Low-high band combination with harmonic relation between bands
5.2.3
Class A3. Low-low or high-high band combination without intermodulation problem (low order IM)
5.2.4
Class A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM)
5.2.5
Class A5. Combination except for A1 – A4
5.3

RRM Specific

5.3.1 
Class A1. Low-high band combination without harmonic relation between bands or intermodulation problem
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 2 and Band 28 (1 UL)
CA_2-28 is designed to operate in the operating bands defined in table 6.1.1-1.
Table 6.1.1-1: 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_2-28
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


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
	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_2A-28A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.1.1.1.2
Co-existence studies for CA_2-28
In Table 6.1.1.1.2-1 below, the DL frequencies and their harmonics are listed for operating bands 2 and 28. It can be seen that the harmonics of band 28 carriers cannot interfere with the UL of band 2. 
Table 6.1.1.1.2-1: Band 2 and Band 28 DL harmonics 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	1930
	1990

	2nd harmonics frequency limits (MHz) 
	1516
	1606
	3860
	3980

	3rd harmonics frequency limits (MHz)
	2274
	2409
	5790
	5970

	UL frequencies (MHz)
	703
	748
	1850
	1910


The intermodulation products of order two and three are listed in table 6.1.1.1.2-2. It can be noted that the Midlow 3rd order IMD frequency range covers the entire UL band of band 28 and that the Midhigh 3rd order IMD partially overlaps band 2 UL band.

Table 6.1.1.1.2-2: Band 2 and Band 28 DL 2nd and 3rd order IMD bands 
	BS DL carriers
	f_low
	f_high
	Formula f_low
	Formula f_high

	Low 2nd order IMD limits  (MHz)
	1127
	1232
	(f2_low – f1_high)
	(f2_high – f1_low)

	High 2nd order IMD limits (MHz) 
	2688
	2793
	(f2_low + f1_low)
	(f2_high + f1_high)

	Low 3rd order IMD limits (MHz)
	       324 (Note 1)
	       474 (Note 1)
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)

	Midlow 3rd order IMD limits (MHz)
	698
	863
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)

	Midhigh 3rd order IMD limits (MHz)
	1885
	2035
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	High 3rd order IMD limits (MHz)
	3057
	3222
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	Higher 3rd order IMD limits (MHz)
	3446
	3596
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)

	Highest 3rd order IMD limits (MHz)
	4618
	4783
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	Max 1 carrier operating band f1 frequency limit overshoot (MHz)
	738
	823
	(f1_low – max carrier BW in f2 band)
	(f1_high + max carrier BW in f2 band)

	Max 1 carrier operating band f2 frequency limit overshoot (MHz)
	1910
	2010
	(f2_low – max carrier BW in f1 band)
	(f2_high + max carrier BW in f1 band)

	Note 1: The general formulas result in negative frequencies here, which make f_low and f_high shift positions for the corresponding positive frequency limits.

Note 2: f1 refers to the DL frequency range limits of band 28, and f2 refers to the DL frequency range limits of band 2.


The coexistence study provides the following conclusions:
· No interference from second order harmonics is identified. A small fraction of operating band 41 (2688 to 2690 MHz) may be affected by inter-carrier 2nd order intermodulation.

· Intercarrier 3rd order intermodulation from the two bands can interfere with the UL of band 28 but not with the own carrier if only one carrier in each band is employed in carrier aggregation.

· Operating band 30 UL and operating band 40 fall in the 3rd harmonic range of band 28.

· The UL of operating bands 1, 2 (within 1885 to 1910 MHz), 5, 6, 12, 13, 14, 17, 18, 19, 20, 22 (in the frequency range 3446 to 3490 MHz), 23, 25 (within 1885 to 1915 MHz), 26, 27, 28, 31 and band 33, 34, 35,36, 37, 39 (in the frequency range 1885 to 1920 MHz), 42 (in the range 3446 to 3596 MHz), and 44 fall within the 3rd order IMD frequency limits.

While the total range between the referred frequency limits will only be subjected to intermodulation products if the entire spectra of the operating bands are utilized for signals, the intermodulation from partially used operating band spectrum may fall in any position in the range, depending on the signal’s spectral position. Hence the affected bands are advised to be carefully investigated for each deployment where high-low band combinations share UL signal paths with high power DL signals (like e.g. feeder).

In table 6.1.1.1.2-3  it can be seen that the UL harmonics of operating band 28 do not coincide with any frequency in operating band 2 DL band (1930 – 1990 MHz), and of course not vice versa. Hence it can be concluded that there are no harmonic interference issues with the combination of operating band 2 and operating band 28 for UE.

Table 6.1.1.1.2-3: Band 2 and Band 28 UL harmonics

	UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	703
	748
	1850
	1910

	2nd order harmonics frequency range (MHz)
	1406
	1496
	3700
	3820

	3rd order harmonics frequency range (MHz)
	2109
	2244
	5550
	5730


6.1.1.1.3
∆TIB and ∆RIB values
Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 2 and Band 28.

Table 6.1.1.1.3-1: ΔTIB,c 

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



	CA_2A-28A
	2
	0.3

	
	28
	0.3


Table 6.1.1.1.3-2: ΔRIB,c  
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_2A-28A
	2
	0

	
	28
	0


6.1.2
LTE Advanced Carrier Aggregation of Band 25 and Band 26 (1 UL)
CA_25-26 is designed to operate in the operating bands defined in table 6.1.2-1.

Table 6.1.2-1: Inter-band CA operating bands

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

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_25-26
	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	


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
	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-26A
	25
	-
	Yes
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	Yes
	Yes
	Yes
	Yes
	Yes
	-
	
	

	
	25
	-
	Yes
	Yes
	Yes
	-
	-
	20
	1

	
	26
	-
	Yes
	Yes
	Yes
	-
	-
	
	

	
	25
	-
	-
	Yes
	Yes
	-
	-
	20
	2

	
	26
	-
	-
	Yes
	Yes
	-
	-
	
	


6.1.2.1.2
Co-existence studies for CA_25-26
The UL frequencies and their harmonics for Bands 25 and 26 are listed in Table 6.1.2.1.2-1 below. It can be seen that the UL harmonics cannot interfere with the DL of Band 25 or 26. Hence CA_25A-26A belongs to inter-band carrier aggregation scenario of Class A1.
Table 6.1.2.1.2-1: Band 25 and Band 26 DL harmonics 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	814
	849
	1850
	1915

	2nd harmonics frequency limits (MHz) 
	1628
	1698
	3700
	3830

	3rd harmonics frequency limits (MHz)
	2442
	2547
	5550
	5745


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 25 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: Band 25 and Band 26 DL harmonics and IMD products
	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	DL frequency (MHz)
	859
	894
	1930
	1995

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1718
	1788
	3860
	3990

	3rd harmonics frequency limits (MHz)
	2577
	2682
	5790
	5985

	
	
	
	
	

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

	IMD frequency limits (MHz)
	1036
	1136
	2789
	2889

	
	
	
	
	

	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
	277
	2966
	3131

	
	
	
	
	

	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)
	3648
	3783
	4719
	4884

	
	
	
	
	

	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)
	794
	959
	1895
	2030

	
	
	
	
	

	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
	1915
	2010


It can be seen from Table 6.1.2.1.2.1-1 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 may fall into the BS receive band of Bands 38 and 41, while the 3rd IMD products may fall into the BS receive band of Bands 1, 2, 5, 6, 8, 14, 18, 19, 20, 23, 25, 26, 27, 33, 34, 35, 36, 37, 39, 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 65 MHz DL frequency of Band 25 and the whole 35 MHz DL frequency of Band 26. If the BS is only transmitting up to 20 MHz DL in Band 25 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 2, 14, 18, 25, 27, 34, 35 or 44 as shown in the last row in Table 6.1.2.1.2.1-1, and the 3rd IMD products will not fall into the BS own (up to 15 MHz) receive block within Band 26, 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 (25 + 26) BS transmit configurations with 3rd IMD within Bands 5 and 26 BS receive band
	Band 26 DL channel bandwidth (MHz)
	Lower edge of Band 26 DL frequency block (MHz)
	Band 25 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


Note that Bands 1, 3, 6, 8, 9, 19, 20, 33, 38 and 39 are not intended for use in the same geographical area as Bands 25 and 26. Moreover, co-location of Band (25 + 26) 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 is on the harmonics and IMD falling into Bands 4, 5, 10, 23, 26, 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 harmonics and 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 25 and 26 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 25 and 26 BS transmitters should not share the same antenna with Band 4, 10, 23, 41 or 43 BS receiver, or with Band 5 or 26 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 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 5, 10, 26, 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.
6.1.2.1.3

ΔTIB,c and ΔRIB (1 UL)

For the UE which supports CA_25A-26A the ΔTIB,c is defined for applicable bands in table 6.1.2.1.3-1.
Table 6.1.2.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_25A-26A
	25
	0.3

	
	26
	0.3


For the UE which supports CA_25A-26A the ΔRIB is defined for applicable bands in table 6.1.2.1.3-2.
Table 6.1.2.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_25A-26A
	25
	0

	
	26
	0


6.1.3
LTE Advanced Carrier Aggregation of Band 7 and Band 28

CA_7-28 is designed to operate in the operating bands in table 6.1.3-1.

Table 6.1.3-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit

FUL_low   –  FUL_high
	BS transmit / UE receive

FDL_low   –  FDL_high
	

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

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


6.1.3.1

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
	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-28A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.1.3.1.2
Co-existence studies for CA_7-28

The co-existence studies are already covered in [6]
6.1.3.1.3

ΔTIB,c and ΔRIB (1 UL) 

ΔTIB,c  and ΔRIB are covered in [6]
6.1.4
LTE Advanced Carrier Aggregation of Band 5 and Band 7
CA_5-7 is already specified in Release 12. See clause 6.1.14 in [6] for CA operating bands.

6.1.4.1

List of specific combination issues

6.1.4.1.1
Channel bandwidths per operating band for CA
A new bandwidth combination set 1 is introduced for CA_5A-7A in Release 13.
Table 6.1.14.1.1-1: 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-7A
	5
	
	
	Yes
	Yes
	
	
	30
	1

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	


See clause 6.1.14.1.1 in [6] for the already specified band width combination set 0.

6.1.4.1.2
Co-existence studies for CA_5-7
The same analysis as Release 12 is applied. See clause 6.1.14.1.2 in [6].

6.1.4.1.3

ΔTIB,c and ΔRIB (1 UL) 

The same relaxation values as Release 12 are applied. See clause 6.1.14.1.3 in [6].

6.1.5
LTE Advanced Carrier Aggregation of Band 3 and Band 5 (1 UL)
Table 6.1.5-1: 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
	
	FUL_low   –  FUL_high
	
	

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

	
	5
	824 MHz
	–
	849 MHz
	3, 5,10 (note 1)
	869 MHz
	–
	894 MHz
	3, 5, 10
	

	NOTE 1:   Only one uplink component carrier is to be supported 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
	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-5A
	3
	
	
	
	Yes
	Yes
	Yes
	0

	
	5
	
	
	Yes
	Yes
	
	
	

	
	3
	
	
	
	Yes
	
	
	1

	
	5
	
	
	Yes
	Yes
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	2

	
	5
	
	
	Yes
	Yes
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	3

	
	5
	
	Yes
	Yes
	Yes
	
	
	


6.1.5.1.2
Co-existence studies for CA_3-5
The co-existence studies are already covered in [5].
6.1.5.1.3
∆TIB and ∆RIB values

ΔTIB,c  and ΔRIB are covered in [5].
6.2

Class A2. Low-high band combination with harmonic relation between bands
6.2.1
LTE Advanced Carrier Aggregation of Band 3 and Band 31 (1 UL)
CA_3-31 is designed to operate in the operating bands defined in table 6.2.1-1.

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_3-31
	3
	1710MHz
	–
	1785MHz
	1805MHz
	–
	1880MHz
	FDD

	
	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 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

	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_3A-31A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	25
	0

	
	31
	
	Yes
	Yes
	
	
	
	
	


6.2.1.1.2
Co-existence studies for 1UL/2DL

Table 6.2.1.1.2-1 gives the harmonic products for band 3+ band 31 CA with 1UL. None of 2nd and 3rd harmonics fall into the own and any other receive bands. While 4th order harmonics may fall into partial UE receive band of Band 3. 
Table 6.2.1.1.2-1: 1UL B3 + B31 harmonic products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	452.5
	457.5
	1710
	1785

	2nd order harmonics frequency range (MHz)
	905 to 915
	3420 to 3570

	3rd order harmonics frequency range (MHz)
	1357.5 to 1372.5
	5130 to 5355

	4th order harmonics frequency range (MHz)
	1810 to 1830
	6840 to 7140


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of band 3 and band 31 DL carriers can be calculated as shown in table 6.2.1.1.2-2 below:
Table 6.2.1.1.2-2: Band 3 and Band 31 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	462.5
	467.5
	1805
	1880

	2nd order harmonics frequency range (MHz)
	925 to 935
	3610 to 3760

	3rd order harmonics frequency range (MHz)
	1387.5 to 1402.5
	5415 to 5640

	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)
	1337.5 to 1417.5
	2267.5 to 2347.5

	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)
	870 to 955

2730 to 2815
	3142.5 to 3297.5
4072.5 to 4227.5

	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)
	442.5 to 487.5
	1800 to 1885


It can be seen from Table 6.2.1.1.2-2 that the 2nd harmonics of BS transmitting in Band 3 may fall into the BS receive band of Band 43 and none of 3rd harmonics may fall into the any E-UTRA operating BS receive band. It can also seen that 2nd IMD products may fall into the BS receive band of band 30 and band 40, meanwhile two-tone 3rd order IMD products may fall into Band 8, and the three-tone IMD products may fall into BS receive band of Band2, Band 25, Band31 Band 35 and Band39.
It should be noted that Bands 2, 25, 30, 35and 39 are not intended for use in the same geographical area as Bands 3 and 31. Therefore, the focus here will be on the harmonics and IMD falling into Band 8, 40 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 harmonics and IMD interference generated within the Band 8, 40 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 31 BS transmitters do not share the same antenna with Band 8, 40 or 43 BS receiver. Regarding to the three-tone 3rd order IMD products may fall into BS receive band of Band 31, provided that Bands 3 BS transmitters do not share the same antenna with Band 31 BS receiver, it is expected that the IMD interference generated within the Band 31 receiver would be well below the receiver noise floor.
6.2.1.1.3
∆TIB and ∆RIB values 
For two simultaneous DLs and one UL, the (TIB,c and (RIB values are shown in table 6.2.1.1.3-1, and in table 6.2.1.1.3-2:

Table 6.2.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_3A-31A
	3
	0.3

	
	31
	0.6


Table 6.2.1.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_3A-31A
	3
	0

	
	31
	0.2


6.2.1.1.4
Maximum Sensitivity Degradation for Band 3
When Band 3 DL is operated simultaneously with Band 31 UL there is a potential self-interference situation as the 4th harmonic of Band 31 UL will fall into Band 3 DL. For the case maximum sensitivity degradation (MSD) values are shown in table 6.2.1.1.4-1.
Table 6.2.1.1.4-1: 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_3A-31A4,5
	3
	
	
	-86.9
	-86.4
	-86
	-85.6
	FDD

	
	31
	
	-95.5
	-93.3
	
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
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:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 5:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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6.2.2
LTE Advanced Carrier Aggregation of Band 4 and Band 28 (1 UL)
CA_4-28 is designed to operate in the operating bands defined in table 6.2.2-1.

Table 6.2.2-1: Inter-band CA operating bands

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

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_4-28
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


6.2.2.1

List of specific combination issues

6.2.2.1.1
Channel bandwidths per operating band for CA
Table 6.2.2.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA 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_4A-28A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.2.2.1.2
Co-existence studies for CA_4-28
In Table 6.2.2.1.2-1  below, the DL frequencies and their harmonics are listed for operating bands 4 and 28. It can be seen that the harmonics of band 28 carriers cannot interfere with the UL of band 4. 
Table 6.2.2.1.2-1: Band 4 and Band 28 DL harmonics 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	2110
	2155

	2nd harmonics frequency limits (MHz) 
	1516
	1606
	4220
	4310

	3rd harmonics frequency limits (MHz)
	2274
	2409
	6330
	6465

	UL frequencies (MHz)
	703
	748
	1710
	1755


The intermodulation products of order two and three are listed in table 6.2.2.1.2-2. It can be noted that the Midlow 3rd order IMD frequency range covers a large part of the UL band of band 28. The UL of band 4 is not affected.

Table 6.2.2.1.2-2: Band 4 and Band 28 DL 2nd and 3rd order IMD bands 
	BS DL carriers
	f_low
	f_high
	Formula f_low
	Formula f_high

	Low 2nd order IMD limits  (MHz)
	1307
	1397
	(f2_low – f1_high)
	(f2_high – f1_low)

	High 2nd order IMD limits (MHz) 
	2868
	2958
	(f2_low + f1_low)
	(f2_high + f1_high)

	Low 3rd order IMD limits (MHz)
	       504 (Note 1)
	       639 (Note 1)
	(f2_low – 2*f1_high)
	(f2_high – 2*f1_low)

	Midlow 3rd order IMD limits (MHz)
	713
	848
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)

	Midhigh 3rd order IMD limits (MHz)
	2065
	2200
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	High 3rd order IMD limits (MHz)
	3417
	3552
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	Higher 3rd order IMD limits (MHz)
	3626
	3761
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)

	Highest 3rd order IMD limits (MHz)
	4978
	5113
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	Max 1 carrier operating band f1 frequency limit overshoot (MHz)
	738
	823
	(f1_low – max carrier BW in f2 band)
	(f1_high + max carrier BW in f2 band)

	Max 1 carrier operating band f2 frequency limit overshoot (MHz)
	2090
	2175
	(f2_low – max carrier BW in f1 band)
	(f2_high + max carrier BW in f1 band)

	Note 1: The general formulas result in negative frequencies here, which make f_low and f_high shift positions for the corresponding positive frequency limits.

Note 2: f1 refers to the DL frequency range limits of band 28, and f2 refers to the DL frequency range limits of band 4.


The coexistence study provides the following conclusions:
· No interference from second order harmonics or 2nd order IMD is identified.

· Intercarrier 3rd order intermodulation from the two bands can interfere with the UL of band 28 but not with the own carrier if only one carrier in each band is employed in carrier aggregation.

· Operating band 30 UL and operating band 40fall in the 3rd harmonic range of band 28.

· The UL of operating bands 5 (in the frequency range of 824 to 848), 6, 12 (in the frequency range of 713 to 716 MHz), 13, 14, 17(in the frequency range of 713 to 716 MHz), 18, 19, 20 (in the frequency range of 832 to 848 MHz), 22 (in the frequency range 3417 to 3490 MHz), 26 (in the frequency range of 814 to 848 MHz), 27and band 42 (in the range 3417 to 3552 MHz), 43 (in the frequency range 3626 to 3761 MHz) and 44 (in the frequency range 713 to 803) fall within the 3rd order IMD frequency limits.

While the total range between the referred frequency limits will only be subjected to intermodulation products if the entire spectra of the operating bands are utilized for signals, the intermodulation from partially used operating band spectrum may fall in any position in the range, depending on the signal’s spectral position. Hence the affected bands are advised to be carefully investigated for each deployment where high-low band combinations share UL signal paths with high power DL signals (like e.g. feeder).

In table 6.2.2.1.2-3   it can be seen that the UL 3rd order harmonic frequency range of operating band overlaps operating band 4 DL band (2110 – 2155 MHz). Hence it can be concluded that there are harmonic interference issues with the combination of operating band 4 and operating band 28 for UE.

Table 6.2.2.1.2-3: Band 4 and Band 28 UL harmonics

	UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	703
	748
	1710
	1755

	2nd order harmonics frequency range (MHz)
	1406
	1496
	3420
	3510

	3rd order harmonics frequency range (MHz)
	2109
	2244
	5130
	5265


The Inter-band Carrier Aggregation of Band 4 and Band 28 fulfills the criteria for Class A2 - a low-high band pair with harmonics relationship.

The 3rd order harmonic overlap is eliminated by keeping the band 28 carrier lower edge above 718.4 MHz.

The UE situation is almost identical to the corresponding CA_1-28 case. Therefore, the remedy applied for CA_1-28 can be used also for CA_4-28.

It is noted that an essential part of this remedy is the introduction of a harmonic trap filter in the UE band 28 path, which affect both the UL and the DL performance.

6.2.2.1.3
ΔTIB,c and ΔRIB values


Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 4 and Band 28.

Table 6.2.2.1.3-1: ΔTIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-28A
	4
	0.3

	
	28
	0.6


Table 6.2.2.1.3-2: ΔRIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_4A-28A
	4
	0

	
	28
	0.2


6.2.2.1.4
Maximum Sensitivity Reduction for Band 4
When Band 4 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 4 DL. It is agreed that 3GPP will set the limit for this interference by specifying maximum sensitivity degradation (MSD) in TS 36.101 [3].  This described situation has already been discussed for band 1 DL and band 28 DL, and MSD values have been agreed. Since the frequencies and the situation are the same, MSD values can also be the same as specified in Table 6.2.2.1.4-1. 
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_4A-28A5,6
	4
	
	
	-89.8
	-89.4
	-89
	-88.7
	FDD

	
	28
	
	
	-98.3
	-95.3
	-93.5
	-90.8
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A of TS36.101.
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 5 and Band 29
Table 6.3.1-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_5-29
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	


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
	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-29A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	29
	
	
	Yes
	Yes
	
	
	
	


6.3.1.1.2
Co-existence studies for CA_5-29
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 29 DL carriers can be calculated as shown in table 6.3.1.1.2-1 below:
Table 6.3.1.1.2-1 Band 5 and Band 29 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	717
	728
	869
	894

	2nd order harmonics frequency range (MHz)
	1434
	1456
	1738
	1788

	3rd order harmonics frequency range (MHz)
	2151
	2184
	2607
	2682

	2nd order IMD products
	f2_low-f1_high
	f2_high-f1_low
	f1_low+f2_low
	f1_high+f2_high

	IMD frequency limits (MHz)
	141 to 177
	1586 to 1622

	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)
	540 to 587
	1010 to 1071

	3rd order IMD products
	2*f1_low+f2_low
	2*f1_high+f2_high
	f1_low+2*f2_low
	f1_high+2*f2_high

	IMD frequency limits (MHz)
	2303 to 2350
	2455 to 2516

	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)
	707 to 738
	859 to 904


It can be seen from table 6.3.1.1.2-1 that the 2nd and 3rd harmonics of Band 5 and Band 29 DL carriers may fall into the BS receive band of Bands 3, 4, 9, 10, 11, 21, 38 and 41, and the 3rd IMD products may fall into the BS receive band of Bands 7, 8, 12, 17, 20, 28, 30, 40, 41 and 44. Since Bands 3, 7, 8, 9, 10, 11, 20, 21, 28, 38, 40 and 44 are not intended for use in the same geographical area as Bands 5 and 29, the focus here will be on the harmonics and IMD falling into Bands 4, 12, 17, 30 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 Bands 4, 12, 17, 30 or 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 5 and 29 BS transmitters do not share the same antenna with Band 4, 12, 17, 30 or 41 BS receiver.
And it is recommended that Bands 5 and 29 BS transmitters should not share the same antenna with Band 4, 12, 17, 30 or 41 BS receiver, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 30 or 41 BS receiver desensitization. For Bands 12 and 17, because the GAPs between Band 12/17 and Band 29 is only 1 MHz, it’s very difficult for Band 29 to share the same antenna with Bands 12 and 17. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.3.1.1.3
∆TIB and ∆RIB values
Considering that the gap between B29 high edge to B5 low edge is 96 MHz, B5 Tx leakage will not degrade B29. Also, there should be little difficulty for the filter, diplexer and triplexer to combine the two bands. Therefore, CA_5A-29A can reuse the conclusion of agreed L-L/H-H framework R4-146833, and the Tib/Rib is proposed as following.

Table 6.3.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-29A
	5
	0.5


Table 6.3.1.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_5A-29A
	5
	0

	
	29
	0


Table 6.3.1.1.3-3: Reference sensitivity QPSK PREFSENS
	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_5A-29A
	5
	
	
	-98
	-95
	
	
	FDD

	
	29
	
	
	-97
	-94 
	
	
	


6.3.2
LTE-Advanced Carrier Aggregation of Band 20 and Band 31 (1 UL)
CA_20-31 is designed to operate in the operating bands defined in table 6.3.2-1.

Table 6.3.2-1: Inter-band CA operating bands

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

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_20-31
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 MHz
	


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

	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_20A-31A
	20
	
	
	Yes
	Yes
	Yes
	Yes
	25
	0

	
	31
	
	Yes
	Yes
	
	
	
	
	


6.3.2.1.2
Co-existence studies for 2DL/1UL
Table 6.3.2.1.2-1 gives the harmonic products for band 20+ band 31 CA with 1UL. None of the harmonic products fall into the own and any other UE receive bands. 
Table 6.3.2.1.2-1: 1UL B20 + B31 harmonic products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	452.5
	457.5
	832
	862

	2nd order harmonics frequency range (MHz)
	905 to 915
	1664 to 1724

	3rd order harmonics frequency range (MHz)
	1357.5 to 1372.5
	2496 to 2586


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of band 20 and band 31 DL carriers can be calculated as shown in table 6.3.2.1.2-2 below:
Table 6.3.2.1.2-2: Band 20 and Band 31 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	462.5
	467.5
	791
	821

	2nd order harmonics frequency range (MHz)
	925 to 935
	1582 to 1642

	3rd order harmonics frequency range (MHz)
	1387.5 to 1402.5
	2373 to 2463

	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)
	323.5 to 358.5
	1253.5 to 1288.5

	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)
	104 to 144
1716 to 1756
	1114.5 to 1179.5
2044.5 to 2109.5

	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)
	442.5 to 487.5
	786 to 826


It can be seen from Table 6.3.2.1.2-2 that the 2nd harmonics of BS transmitting in Band 20 may fall into the BS receive band of Band 24 and the 3rd harmonics of BS transmitting in Band 20 may fall into the BS receive band of Band 40. It can also seen that none of 2nd IMD products may fall into the any E-UTRA operating BS receive band, meanwhile two-tone 3rd order IMD products may fall into Band 3, 4, 9 and 10, and the three-tone IMD products may fall into BS receive band of 5, 13, 14, 18, 26, 27, 31 and 44. 

It should be noted that Bands 4, 5, 9, 10, 13, 14, 18, 24, 26, 27 and 44 are not intended for use in the same geographical area as Bands 20 and 31. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 31 and 40. 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 or 40 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 20 and 31 BS transmitters do not share the same antenna with Band 3 or 40 BS receiver. Regarding to the three-tone 3rd order IMD products may fall into BS receive band of Band 31, provided that Bands 20 BS transmitters do not share the same antenna with Band 31 BS receiver, it is expected that the IMD interference generated within the Band 31 receiver would be well below the receiver noise floor.
6.3.2.1.3
∆TIB and ∆RIB values
The reported additional IL (Insertion Loss) values, based on implementation/simulation data, under ETC (Extreme Temperature Conditions) for combining band 20 and band 31, for each of the Tx and Rx paths, are shown in table 6.3.2.1.3-1.
Table 6.3.2.1.3-1: Additional IL values for combining band 20 and band 31 (under ETC) 

	E-UTRA bands
	IL (dB)

	Band 20 Tx
	0.65

	Band 20 Rx
	0.77

	Band 31 Tx
	0.75

	Band 31 Rx
	0.8


For two simultaneous DLs and one UL the (TIB,c and (RIB values, are shown in table 6.3.2.1.3-3, and in table 6.3.2.1.3-4:

Table 6.3.2.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_20A-31A
	20
	0.5

	
	31
	0.5


Table 6.3.2.1.3-4: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_20A-31A
	20
	0

	
	31
	0


6.3.3
LTE-Advanced Carrier Aggregation of Band 38 and Band 40
Table 6.3.3-1: 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_38-40
	38
	2570 MHz
	–
	2620 MHz
	10, 20 
(note 1)
	2570 MHz
	–
	2620 MHz
	10, 20
	TDD

	
	40
	2300 MHz
	–
	2400 MHz
	10, 20 (note 1)
	2300 MHz
	–
	2400 MHz
	10, 20
	

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


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_38A-40A
	38
	
	
	
	Yes
	
	Yes

	
	40
	
	
	
	Yes
	
	Yes


6.3.3.1.2
Co-existence studies for 1UL/2DL

Table 6.3.3.1.2-1 gives the intermodulation products for band 38 + band 40 CA with 2 DLs. For the 3-tone IMD analysis the maximum transmission as defined in table 6.3.3.1.1-1 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.

We have listed all the possible interference to other operating bands in table 6.3.3.1.2-2. It can be seen in the table that two-tone 3rd order IMD products may fall into BS receive band of band 23 and band 36, and three-tone 3rd order IMD products caused by BS supporting carrier aggregation of band 38 and band 40 may fall into the BS receive band of band 7, 30, 41.

Currently Bands 41 are used in the same geographical area as Bands 38 and 40. 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 41 receiver would be well below the receiver noise floor, in order to avoid the possibility of receiver desensitization. Thus it is recommended that Bands 38 and 40 BS transmitters do not share the same antenna with Band 41 BS receivers, unless the antenna path meets more stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 41 BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
Table 6.3.3.1.2-1: 2 DLs B38 + B40 harmonics and IMD products frequency limits
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2570
	2620
	2300
	2400

	2nd order harmonics frequency range (MHz)
	5140 to 5240
	4600 to 4800

	3rd order harmonics frequency range (MHz)
	7710 to 7860
	6900 to 7200

	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)
	170 to 320
	4870 to 5020

	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)
	2740 to 2940
	1980 to 2230

	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)
	2550 to 2640
	2280 to 2420


Table 6.3.3.1.2-2: possible interference to other bands
	Victim Bands
	Receiver frequency range (MHz)
	Interference type
	Interference frequency range (MHz)

	Band 7
	2500 to 2570
	Three-tone 3rd order IMD products
	2550 to 2640

	Band 23
	2000 to 2020
	Two-tone 3rd order IMD products
	1980 to 2230

	Band 30
	2305 to 2315
	Three-tone 3rd order IMD products
	2280 to 2420

	Band 36
	1930 to 1990
	Two-tone 3rd order IMD products
	1980 to 2230

	Band 41
	2496 to 2690
	Three-tone 3rd order IMD products
	2550 to 2640


Table 6.3.3.1.2-3 gives the harmonic products for band 38 + band 40 CA with 1 UL. None of the harmonic products fall into the own receive bands or other receiver bands. 
Table 6.3.3.1.2-3: 1 UL B38 + B40 harmonic products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	2570
	2620
	2300
	2400

	2nd order harmonics frequency range (MHz)
	5140 to 5240
	4600 to 4800

	3rd order harmonics frequency range (MHz)
	7710 to 7860
	6900 to 7200


6.3.3.1.3
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.

Simultaneous Rx-Tx

Indicates whether the UE supports simultaneous reception and transmission on different bands for each band combination listed in supported Band Combination. 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 6.3.3.1.3-1: Reference UE architecture for CA_B38_B40 with 2DL+1UL
6.3.3.1.4
ΔTIB,c and ΔRIB,c values
For TDD inter-band CA_B38_B40 UE supporting 2DL +1UL without simultaneous Rx/Tx, the (TIB,c and (RIB values are given in Table6.3.3.1.4-1/2.
Table 6.3.3.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_38A-40A
	38
	0

	
	40
	0


Table 6.3.3.1.4-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_38A-40A
	38
	0.5

	
	40
	0.5


6.3.4
LTE-Advanced Carrier Aggregation of Band 3 and Band 7 (1 UL)

Table 6.3.4-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit

FUL_low   –  FUL_high
	BS transmit / UE receive

FDL_low   –  FDL_high
	

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

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	


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
	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-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.3.4.1.2
Co-existence studies for 1UL/2DL
Table 6.3.4.1.2-1 gives the intermodulation products for band 3 + band 7 CA with 2DLs. 
<< Text to be added related to BS harmonics and IMD issues>>
Table 6.3.4.1.2-1: 2DLs B3 + B7 IMD products 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	
	
	
	

	2nd order harmonics frequency range (MHz)
	
	

	3rd order harmonics frequency range (MHz)
	
	

	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)
	
	

	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)
	
	

	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)
	
	


<< Only a placeholder is introduced above>>
Table 6.3.4.1.2-2 gives the intermodulation products for band 3+ band 7 CA with 1UL. None of the intermodulation products fall into the own and any other receive bands. 
Table 6.3.4.1.2-2: 1UL B3 + B7 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1785
	2500
	2570

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

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


6.3.4.1.3
∆TIB and ∆RIB values

ΔTIB,c  and ΔRIB is included in TS 36.101

6.3.5
LTE-Advanced Carrier Aggregation of Band 8 and Band 28 (1 UL)

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_8-28
	8
	880 MHz
	–
	915 MHz
	3, 5, 10
	925 MHz
	–
	960 MHz
	3, 5, 10
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5, 10, 15, 20
	758 MHz
	–
	803 MHz
	5, 10, 15, 20
	


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

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

	CA_8A-28A
	8
	
	Yes
	Yes
	Yes
	
	

	
	28
	
	
	Yes
	Yes
	Yes
	Yes


6.3.5.1.2
Co-existence studies for CA_8-28
As shown in table 6.3.3.1.2-1, the harmonic frequencies of Band 8 and Band 28 in UL are away from the receive bands of interest in the DL and therefore we can conclude that there is no issue on harmonic interference.

Table 6.3.5.1.2-1: 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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	1850
	1920
	2775
	2880

	28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	1516
	1606
	2109
	2244


6.3.5.1.2.1
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 28 DL carriers can be calculated as shown in Table 6.3.5.1.2.1-1 below:

Table 6.3.5.1.2.1-1: Band 8 and Band 28 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	925
	960

	2nd order harmonics frequency range (MHz)
	1516
	1606
	1850
	1920

	3rd order harmonics frequency range (MHz)
	2274
	2409
	2775
	2880

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	122
	202
	1683
	1763

	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)
	556
	681
	1047
	1162

	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)
	2441
	2566
	2608
	2723

	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)
	723
	838
	880
	1005

	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)
	748
	813
	905
	980


It can be seen from table above that:

-
the 2nd harmonics of BS transmitting in Bands 8 and 28 may fall into the BS receive band of Bands 2, 25, 33, 35, 37 and 39,

-
the 3rd harmonics may fall into Band 30 and 40

-
the 2nd IMD products may fall into the BS receive band of Bands 3, 4, 9 and 10,  

-
the 3rd IMD products may fall into the BS receive band of Bands  5, 6, 7, 8, 13, 14, 18, 19, 20, 26, 27, 28, 38, 41 and 44, 

assuming (except the last row) the whole 35MHz DL frequency of Band  8 and the whole 45 MHz DL frequency of Band 28.

If the BS is only transmitting up to 10 MHz DL in Band 8 and 20MHz DL in Band 28 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 18, 19, 20, 26 and 28 as shown in the last row in table 4.

In terms of fall down to own BS receive band, special care must be taken for the case that one of three tone IMDs falls to Band 8 UL region. In addition, another three tone IMD may fall down next to Band 28 UL region, though not directly. Checking Band 8 fall down, affected BS receive portion is the upmost 10MHz (905- 915MHz) while BS transmit portion to generate the relevant IMD3 is the lowest 10MHz (925- 935MHz), assuming Band 28 bandwidth as 20MHz. So this only happens when a BS operates the lowest and the highest 10MHz of Band 8 simultaneously. Similar analysis can be made for proximate fall down of Band 28 and it can be concluded that risk, if any, is limited to the case when a BS operates the lowest and the highest Band 28 at the same time.

It should be noted that Bands 2, 4, 10, 13, 14, 25 and 30 are not intended for use in the same geographical area as Bands 8 and 28. In addition, co-existence between Band 28 and Band 44 is unlikely as Band 44 is TDD variant of APAC-700 spectrum then could expect that the deployment of Band 28 and 44 is mutually exclusive. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 7, 9, 27, 33, 35, 37, 38, 39, 40 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 3, 7, 9, 27, 33, 35, 37, 38, 39, 40 or 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 28 BS transmitters do not share the same antenna with  Band 3, 7, 9, 27, 33, 35, 37, 38, 39, 40 or 41 BS receiver.

6.3.5.1.3
∆TIB and ∆RIB values

For L-L CA combination, normally a quadplexer is employed to combine/separate two frequencies of interest.  But for this case, since Band 28 assumes dual duplexers, two quadplexers are needed. The scheme is shown in Figure 6.3.5.1.3-1 with comparison of single band architecture. It should be noted that Band  8 Tx/Rx path also needs a switch (indicates as yellow) to select two quadplexers.

Figure 6.3.5.1.3-1: Band 8 and Band 28 UE reference architecture
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Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 8 and Band 28.

Table 6.3.5.1.3-1: TIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-28A
	8
	[TBD]

	
	28
	[TBD]


Table 6.3.5.1.3-2: RIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_8A-28A
	8
	[TBD]

	
	28
	[TBD]


6.3.6
LTE Advanced Carrier Aggregation of Band 19 and Band 28 (1UL)
Table 6.3.6-1: Inter-band CA of Band 19 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_19-28
	19
	830 MHz
	–
	845 MHz
	5, 10, 15
	875 MHz
	–
	890 MHz
	5, 10, 15
	FDD

	
	28
	718 MHz
	–
	748 MHz
	5, 10
	773 MHz
	–
	803 MHz
	5, 10
	


6.3.6.1

List of specific combination issues

6.3.6.1.1
Channel bandwidths per operating band for CA

Table 6.3.6.1.1-1: 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_19A-28A
	19
	
	
	Yes
	Yes
	Yes
	
	25
	0

	
	28
	
	
	Yes
	Yes
	
	
	
	


6.3.6.1.2
Co-existence studies for CA_19-28
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 19 and (728 – 738 MHz UL and 783 – 793 MHz DL) Band 28 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 19 and Band 28 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	773
	803
	875
	890

	2nd order harmonics frequency range (MHz)
	1546
	1606
	1750
	1780

	3rd order harmonics frequency range (MHz)
	2319
	2409
	2625
	2670

	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
	1648
	1693

	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)
	656
	731
	947
	1007

	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)
	2421
	2496
	2523
	2583

	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)
	758
	818
	845
	920

	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)
	758
	818
	865
	900


It can be seen from Table 6.3.6.1.2.1-1 that the 2nd harmonics of BS transmitting in Band 19 may fall into the BS receive band of Bands 3, 4, 9 and 10, and the 3rd harmonics of BS transmitting in Band 19 and Band 28 may fall into the BS receive band of Bands 40 and 41, while the 2nd IMD products caused by BS supporting CA of Band 19 and 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 7, 8, 12, 13, 14, 17, 18, 26, 27, 28, 38, 41 and 44. 

Bands 4, 7, 9, 10, 12, 13, 14, 17, 24, 27, 30, 38, 40 and 44 are not intended for use in the same geographical are as Bands 19 and 28. Consequently, the focus here will be on the harmonics and IMD products falling into Band 3, 8, 18, 26, 28, 41.

Therefore, it is recommended that Band (19 + 28) BS transmitter should not share the same antenna with Band 3, 8 18, 26 and 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 3, 8, 18, 26 and 41 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.3.6.1.3

∆TIB and ∆RIB values

For this combination, ∆TIB and ∆RIB are specified as in Table 6.3.6.1.3-1 and 6.3.6.1.3-2.:

Table 6.3.6.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_19A-28A
	19
	0.5

	
	28
	0.5


Table 6.3.6.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_19A-28A
	19
	0

	
	28
	0


6.3.6.1.4
MSD
For this combination, MSD requirement of Band 28 DL due to narrow frequency separation between the Band 28 DL and Band 19 UL should be specified, which is specified in Table 6.3.6.1.4-1 and 6.3.6.1.4-2.

Table 6.3.6.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for two bands)

	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_19A-28A7
	19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	28
	
	
	[-94]
	[-92]
	
	
	

	NOTE 7:
These requirements apply when the uplink is active in Band 19 and the downlink channels in Band 28 are allocated at the middle of the restricted frequency range specified for this CA configuration (Table 5.5A-2). For each channel bandwidth in Band 28, the requirement applies regardless of channel bandwidth in Band 19.


Table 6.3.6.1.4-2: Uplink configuration for the low band (exceptions for two bands)
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

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

	CA_19A-28A5
	19
	
	
	18
	18
	18
	
	FDD

	NOTE 5:
refers to the UL resource blocks shall be located as close as possible to the downlink channel in Band 28 but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


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 X and Band Y
6.4.1.1

List of specific combination issues

6.4.1.1.1
Channel bandwidths per operating band for CA

6.4.1.1.2
Co-existence studies for 2DL/1UL
6.4.1.1.3
∆TIB and ∆RIB values

6.5

Class A5. Combination except for A1 – A4
6.5.1
LTE Advanced Carrier Aggregation of Band 7 and Band 22 (1 UL)
Table 6.5.1-1: 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_7-22
	7
	2 500 MHz
	–
	2 570 MHz
	5, 10, 15, 20
	2 620 MHz
	–
	2 690 MHz
	5, 10, 15, 20
	FDD

	
	22
	3 410 MHz
	–
	3 490 MHz
	5, 10, 15, 20
	3 510 MHz
	–
	3 590 MHz
	5, 10, 15, 20
	


6.5.1.1

List of specific combination issues
The CA band CA_7-22 is a combination of two FDD bands one of which has a frequency arrangement above 2.7 GHz; the combination therefore belongs to class A5. There is no harmonic relationship between the bands combined.
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
	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-22A
	7
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	22
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.5.1.1.2
Co-existence studies for 2DL/1UL

Table 6.5.1.1.2-1 gives the intermodulation products for band 7 + band 22 CA with 2 DLs. For the 3-tone IMD analysis the maximum transmission as defined in table 6.5.1.1.1-1 is considered. None of the harmonics of one band fall into the receive band of the other. 

It can be seen in the table that 2nd order IMD products may fall into BS receive band 5, 6, 8, 18, 19, 20, 26 and 27. The 3rd order IMD products may fall into BS receive bands of 2, 3, 4, 7, 9, 10, 22, 24, 25, 35, 38, 41, 42 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 7 and 22. 
It should be noted that bands 6, 9, 18, 19, 24, 25, 35, 41 and 42 are not intended for use in the same geographical area (country) as the band combination Band 7 and Band 22. This leaves bands 2, 3, 5, 7, 8, 20, 22, 26, 38 and 43 to consider for IMD products.

It is recommended that Bands 7 and 22 BS transmitters do not share the same antenna with band 2, 3, 5, 8, 20, 26, 38 and 43 BS receivers so that the antenna PIM will not cause Band 2, 3, 5, 8, 20, 26, 38 and 43 BS receiver desensitization. 

Table 6.5.1.1.2-1: 2DLs B7 + B22 IMD products 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 620
	2 690
	3 510
	3 590

	2nd order harmonics frequency range (MHz)
	5 240 to 5 380
	7 020 to 7 180

	3rd order harmonics frequency range (MHz)
	7 860 to 8 070
	10 530 to 10 770

	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)
	820 to 970
	6 130 to 6 280

	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)
	1 650 to 1 870
	4 330 to 4 560

	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)
	8 750 to 8 970
	9 640 to 9 870

	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)

	
	2 540 to 2 770
	3 440 to 3 660

	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)
	2 600 to 2 710
	3 490 to 3 610


Table 6.5.1.1.2-2 gives the intermodulation products for band 7+ band 22 CA with 1UL. None of the harmonic products fall into the own band and any other receive bands. 

Table 6.5.1.1.2-2: 1UL B7 + B22 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	2 500
	2 570
	3 410
	3 490

	2nd order harmonics frequency range (MHz)
	5 000 to 5 140
	6 820 to 5 380

	3rd order harmonics frequency range (MHz)
	7 500 to 7 710
	10 230 to 10 470


6.5.1.1.3
ΔTIB,c and ΔRIB values
The UE reference architecture used for deriving the minimum requirements is based on front-end with an antenna triplexer with characteristics given by that used for CA_21-42 in Clause 7.2.10. Given the antenna triplexer it is assumed that standard duplexers can be used for the two constituent bands or with designs tailored for meeting the necessary cross-band isolation requirements for the particular band combination.

Provisional characteristics for the antenna triplexer are shown in Table 6.5.1.1.3-1; the entries are averaged insertion loss obtained from that provided by three vendors and displayed in Table 7.2.10.1.3-2. The vendor data is obtained under ETC and includes the effects of 1.5GHz bands. The isolation between the low-, mid- and high bands is at least 15 dB. 

Table 6.5.1.1.3-1: Antenna triplexer data at ETC

	Parameter
	Low band
	Mid band
	High band

	
	< 960

MHz
	1710-1920 MHz
	1920-2496 MHz
	2496-2690 MHz
	 > 3400

MHz

	IL (average)
	0.60 dB
	0.72 dB
	0.72 dB
	0.98 dB
	1.13 dB

	NOTE 1:    there is at least 15 dB isolation between the low-, mid- and high-bands at ETC.


For meeting standard cross-band isolation requirements, the 15 dB triplexer isolation implies that the TX duplexer must supply an attenuation of 30 dB at the RX band supporting the Scell, and the RX duplexer of the Scell an attenuation of 40 dB at the TX band (supporting the Pcell). While this may be typical performance in many cases, it does not always reflect guaranteed performance in production.

The duplexer for B22 is most likely implemented in FBAR or BAW technology given the narrow duplex gap. B22 was specified under the assumption of a split duplexer arrangement. Using FBAR technology a broadband rejection of 30 dB can be guaranteed with e.g. constituent filters of 60 MHz pass-band and a 40 MHz overlap. Wideband traces for the upper 60 MHz duplex filter implemented in FBAR technology are shown in Figure 6.5.1.1.3-1 for room temperature and without account of manufacturing tolerances; the TX filter of the duplexer is shown in rose and the RX filter of the duplexer in light blue (the other traces represent Band 22 used in quadplexer arrangements). The results show that a 40 dB attenuation at can be achieved by the RX filter in the Band 7 range and that a 30 dB attenuation by the TX filter in the Band 7 range. The estimated pass-band insertion loss for TX and RX across a -20 C to +85 C temperature range is 1.6 and 1.8 dB, respectively. It is noted that the traces shown are results from provisional simulations not representing a product and are only intended for demonstration of the capability of the technology. A guaranteed rejection of 40 dB can be achieved by design but may result in increased pass-band insertion loss in the RX path.
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Figure 6.5.1.1.3-1: wideband traces for a Band 22 duplexer (upper 60 MHz filter) at room temperature; the TX filter of the duplexer is shown in rose and the RX filter of the duplexer in light blue.
For a B7 duplexer a typical broadband attenuation of 40 dB in the RX path can be achieved in certain ranges; traces at room temperature are shown in Figure 6.5.1.1.3-2 for TX- and RX-filters in SAW technology. The results show that a 40 dB attenuation at can be achieved by the RX filter in the Band 22 range and that a 30 dB attenuation by the TX filter in the Band 22 range. 
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Figure 6.5.1.1.3-2: example broadband response for a B7 TX-filter (left) and B7 RX-filter (right).
The ΔTIB,c and ΔRIB,c are essentially determined by the antenna triplexer performance assuming that the cross-band requirements are met. Using the shared-pain principle, the results in Table 6.5.1.1.3-1 would suggest TX and RX relaxtions in the range 0.5-0.6 dB for both B7 and B22. Now, in order to give headroom in the B7 and B22 duplex filter designs for a guaranteed cross-band attenuation, the values of ΔTIB,c and ΔRIB,c thus derived are increased slightly for both B7 and B22 to obtain the numbers displayed in Table 6.5.1.1.3-2 and Table 6.5.1.1.3-3. Nevertheless, these relaxations do not fully compensate for the increased insertion loss incurred by the antenna triplexer.
For the UE that supports CA_7A-22A the ΔTIB,c is defined for applicable bands in table 6.5.1.1.3-2.
Table 6.5.1.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7A-22A
	7
	0.5

	
	22
	0.8


For the UE that supports CA_7A-22A the ΔRIB,c is defined for applicable bands in table 6.5.1.1.3-3.
Table 6.5.1.1.3-3: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_7A-22A
	7
	0

	
	22
	0.5


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 40 (1 UL)
Table 7.2.1-1: 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_1-40
	1
	1920 MHz
	–
	1980 MHz
	5, 10, 15, 20 
(Note 1)
	2110 MHz
	–
	2170 MHz
	5, 10, 15, 20
	FDD

	
	40
	2300 MHz
	–
	2400 MHz
	5, 10, 15, 20 
(Note 1)
	2300 MHz
	–
	2400 MHz
	5, 10, 15, 20
	TDD

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


7.2.1.1
List of specific combination issues
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
	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-40A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [4] when operating in single carrier mode.
7.2.1.1.2
Co-existence studies for CA_1-40
Table 7 7.2.1.1.2-1summarizes frequency ranges where harmonics occur due to Band 1 or Band 40 for both UL and DL. It can be seen that the harmonic frequencies of Band 1 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 1 and Band 40 does not locate within the UE receive bands of interest in the DL. Therefore we can conclude that there is no issue on harmonic interference.
Table 7 7.2.1.1.2-1: 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

	1
	1920
	1980
	2100
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	6510

	40
	2300
	2400
	2300
	2400
	4600
	4800
	6900
	7200
	4600
	4800
	6900
	7200


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 40 DL carriers can be calculated as shown in table 7.2.1.1.2-2 below.
Table 7.2.1.1.2-2: Band 1 and Band 40 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2170
	2300
	2400

	2nd order harmonics frequency range (MHz)
	4220
	4340
	4600
	4800

	3rd order harmonics frequency range (MHz)
	6330
	6510
	6900
	7200

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

	IMD frequency limits (MHz)
	130
	290
	4410
	4570

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

	IMD frequency limits (MHz)
	1820
	2040
	2430
	2690

	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)
	6520
	6740
	6710
	6970

	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)
	2010
	2270
	2240
	2460

	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)
	2090
	2190
	2280
	2420


It can be seen from Table 4 that the 3rd IMD products caused by BS supporting carrier aggregation of Band 1 and Band 40 may fall into the BS receive bands of Band 1, 2, 7, 23, 25, 30, 33, 34, 35, 36, 37, 38, 39, 40 and 41. Even when the impact of maximum bandwidth is considered, the 3rd order IMD products fall same band as we noted before. It should be noted that Bands 2, 23, 25, 30, 33, 34, 35, 36, 37 are not intended for use in the same geographical area as Band 1 and 40. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 1, 7, 38, 39, 40 and 41. 

Because 3rd IMD products may fall into band 1 or band 40 BS receiver, it is highly recommended that BS uses separated antenna for Bands 1 and 40 respectively in order to prevent any IMD products related performance degradation problem.

In addition, 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 7 or bands 38, 39, 41, if unsynchronized with band 40 may not be well below the receiver noise floor eliminating the possibility of receiver desensitization. Operating band 38, 39, 41 together with band 1 and 40 CA it is either recommended to synchronize bands 38, 39, 41 and 40 carriers or to have at least one of the three carrier signals using separate feeders.
7.2.1.1.3
∆TIB and ∆RIB values
For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 7.2.1.1.3-1, and in table 7.2.1.1.3-2:

Table 7.2.1.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-40A
	1
	0.5

	
	40
	0.5


Table 7.2.1.1.3-2: ΔRIB 

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

	CA_1A-40A
	1
	0

	
	40
	0


7.2.2
LTE Advanced Carrier Aggregation of Band 3 and Band 40
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_3-40
	3
	1710 MHz
	–
	1785 MHz
	1.4, 3, 5, 10, 15, 20 
(Note 1)
	1805 MHz
	–
	1880 MHz
	1.4, 3, 5, 10, 15, 20
	FDD

	
	40
	2300 MHz
	–
	2400 MHz
	1.4, 5, 10, 15, 20 
(Note 1)
	2300 MHz
	–
	2400 MHz
	1.4,5 10, 15, 20
	TDD

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


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_3A-40A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	3
	Yes
	Yes
	Yes
	
	
	
	15
	1

	
	40
	Yes
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [4] when operating in single carrier mode.
7.2.2.1.2
Co-existence studies for CA_3-40
Table 7.2.2.1.2-1 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 we can conclude that 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

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

	40
	2300
	2400
	2300
	2400
	4600
	4800
	6900
	7200
	4600
	4800
	6900
	7200


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 7.2.2.1.2-2: Band 3 and Band 40 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1805
	1880
	2300
	2400

	2nd order harmonics frequency range (MHz)
	3610
	3760
	4600
	4800

	3rd order harmonics frequency range (MHz)
	5415
	5640
	6900
	7200

	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
	4105
	4280

	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)
	1210
	1460
	2720
	2995

	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)
	5910
	6160
	6405
	6680

	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)
	1705
	1980
	2225
	2475

	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)
	1785
	1900
	2280
	2420


It can be seen from Table 7.2.2.1.2-2 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.
7.2.2.1.3
∆TIB and ∆RIB values
For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 7.2.2.1.3-1, and in table 7.2.2.1.3-2:

Table 7.2.2.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-40A
	3
	0.5

	
	40
	0.5


Table 7.2.2.1.3-2: ΔRIB 

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

	CA_3A-40A
	3
	0

	
	40
	0


7.2.3
LTE-Advanced Carrier Aggregation of Band 3 and Band 38 (1 UL)

Table 7.2.3-1: Inter-band CA for Band 3 and Band 38
	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_3-38
	3
	1 710 MHz
	–
	1 785 MHz
	1 805 MHz
	–
	1 880 MHz
	FDD

	
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD


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-38A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	38
	
	
	Yes
	Yes
	Yes
	Yes


7.2.3.1.2
Co-existence studies for 1UL/2DL

Table 7.2.3.1.2-1 presents the harmonic analysis for UE with single uplink. There are no harmonic frequency products interfering own downlink bands but Band 3 second harmonic will fall into band 42 frequency range.
Table 7.2.3.1.2-1: 1UL B3 + B38 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1 710
	1 785
	2 570
	2 620

	2nd order harmonics frequency range (MHz)
	3 420 to 3 570
	5 140 to 5 240

	3rd order harmonics frequency range (MHz)
	5 130 to 5 355
	7 710 to 7 860


Table 7.2.3.1.2-2 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 3 and Band 38. 

Table 7.2.3.1.2-2: Band 3 and Band 38 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1 805
	1 880
	2 570
	2 620

	2nd order harmonics frequency range (MHz)
	3 610
	3 760
	5 140
	5 240

	3rd order harmonics frequency range (MHz)
	5 415
	5 640
	7 710
	7 860

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

	IMD frequency limits (MHz)
	690
	815
	4 375
	4 500

	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)
	990
	1 190
	3 260
	3 435

	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)
	6 180
	6 380
	6 945
	7 120

	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  755
	1 930
	2 495
	2 695

	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
	2 550
	2 640


It can be seen from table 7.2.3.1.2-2 that 2nd harmonics caused by BS supporting carrier aggregation of Band 3 and Band 38 may fall into the BS receive band of Bands 43, while none 3rd harmonic will fall into the BS receive band of currently defined 3GPP Bands.
It can be seen from table 7.2.3.1.2-2 that 2nd IMD products caused by BS supporting carrier aggregation of Band 3 and Band 38 may fall into the BS receive band of Bands 12-14, 17, 26-28 and 44, while 3rd IMD products may fall into the BS receive band of Bands 2, 7, 22, 25, 35, 38, 39, 41 and 42 (assuming BS transmits up to 20 MHz DL in Band 3 and up to 20 MHz DL in Band 38).
As BS cannot transmit and receive in Band 38 at the same time, the 3rd IMD products problem in receive band of Band 38 is not an issue.

7.2.3.1.3
∆TIB and ∆RIB values

The reported additional IL (Insertion Loss) values, based on implementation/simulation data, under ETC (Extreme Temperature Conditions) for combining band 3 and band 38, for each of the Tx and Rx paths, are shown in Table 7.2.3.1.3-1.
Table 7.2.3.1.3-1: IL values for band 3+38 diplexer and quadplexers (under ETC) 

	E-UTRA bands
	Vendor A IL (dB)
	Vendor B IL (dB)

	3 Tx
	0,5
	0,6

	3 Rx
	0,5
	0,6

	38 Tx/Rx
	0,5
	0,7


For the reported additional IL values, the corresponding average additional IL values for the Tx and the Rx are shown in Table 7.2.3.1.3-2:

Table 7.2.3.1.3-2: Average Tx and Rx IL for combining band 3 and band 38 (under ETC)

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL [dB]
	Rx IL [dB]

	
[image: image16.wmf]IL


	3
	0,55
	0,55

	
	38
	0,6


For two simultaneous DLs and one UL the (TIB,c and (RIB values are shown in Table 7.2.3.1.3-3 and in Table 7.2.3.1.3‑4:

Table 7.2.3.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-38A
	3
	0,5

	
	38
	0,5


Table 7.2.3.1.3-4: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_3A-38A
	3
	0

	
	38
	0


7.2.4

LTE Advanced Carrier Aggregation of Band 8 and Band 41
Table 7.2.4-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_8A-41A
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD


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
	Maximum aggregated bandwidth

[MHz]

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

	CA_8A-41A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	30

	
	41
	
	
	
	Yes
	
	Yes
	


7.2.4.1.2
Co-existence studies for 1UL/2DL
Table 7.2.4.1.2-1 shows harmonics frequency limits and Table 7.2.4.1.2-2 intermodulation products frequency limits for CA of Band 8, and Band 41, respectively. Harmonics and intermodulation product problems are summarized below the relevant Table.

Table 7.2.4.1.2-1: DL harmonics frequency limits for CA of Band 8 and Band 41

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2496
	2690

	2nd order harmonics frequency range (MHz)
	1850 to 1920
	4992 to 5380

	3rd order harmonics frequency range (MHz)
	2775 to 2880
	7488 to 8070


As shown in Table 7.2.4.1.2-1, second harmonics may fall to UL frequencies of Band 2, 25, 33, 35, 37 or 39. 
Table 7.2.4.1.2-2: DL intermodulation products frequency limits for CA of Band 8 and Band 41
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2496
	2690

	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)
	1536 to 1765
	3421 to 3650

	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)
	576 to 840
	4032 to 4455

	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)
	4346 to 4610
	5917 to 6340

	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
	2486 to 2700


As shown in Table 6.x.3.1-2, second order intermodulation products may fall to UL frequencies of Band 3, 4, 9, 10, 22, 24, 42 or 43. Third intermodulation products may fall to UL frequencies of Band 5, 6, 7, 8, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 38, 41, or 44. It is suggested BS transmitters supporting CA of Band 8 and Band 41 should not share the same antenna with Band 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 17, 18, 19, 20, 22, 24, 25, 26, 27, 28, 33, 35, 37, 38, 39, 41, 42, 43 or 44 BS receiver, unless the antenna path meets very stringent third order PIM specification so that the PIM will not cause Band 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 17, 18, 19, 20, 22, 24, 25, 26, 27, 28, 33, 35, 37, 38, 39, 41, 42, 43 or 44 BS receiver desensitization.
7.2.4.1.3
∆TIB and ∆RIB (1UL)

No harmonic issues were found due to operators’ spectrum holdings. Therefore, it is not necessary to introduce harmonic trap filter for this specific combination.

For the UE which supports CA_8A-41A the ΔTIB,c is defined for applicable bands in table 7.2.4.1.3-1.

Table 7.2.4.1.3-1:  ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-41A
	8
	0.3

	
	41
	0.3


For the UE which supports CA_8A-41A the ΔRIB,c is defined for applicable bands in table 7.2.4.1.3-2.

Table 7.2.4.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	

ΔRIB,c  [dB] 



	CA_8A-41A
	8
	0

	
	41
	0


7.2.5
LTE Advanced Carrier Aggregation of Band 5 and Band 40 (1 UL)
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_5-40
	5
	824 MHz
	–
	849 MHz
	3, 5, 10
(Note 1)
	869 MHz
	–
	894 MHz
	3, 5, 10
	FDD

	
	40
	2300 MHz
	–
	2400 MHz
	5, 10, 15, 20 
(Note 1)
	2300 MHz
	–
	2400 MHz
	5, 10, 15, 20
	TDD

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


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_5A-40A
	5
	
	
	Yes
	Yes
	
	
	30
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	Yes
	Yes
	Yes
	
	
	30
	1

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [4] when operating in single carrier mode.
7.2.5.1.2
Co-existence studies for CA_5-40
Table 7.2.5.1.2-1 summarizes frequency ranges where harmonics occur due to Band 5 or Band 40 for both UL and DL. It can be seen that the harmonic frequencies of Band 5 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 5 and Band 40 does not locate within the UE receive bands of interest in the DL. Therefore we can conclude that there is no issue on harmonic interference.
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

	5
	824
	849
	869
	894
	1648
	1698
	2472
	2547
	1738
	1788
	2607
	2682

	40
	2300
	2400
	2300
	2400
	4600
	4800
	6900
	7200
	4600
	4800
	6900
	7200


None of the DL harmonics of Band 5 carriers fall into the BS receive band of Bands 40.
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 40 DL carriers can be calculated as shown in table 4 below:

Table 7.2.5.1.2-2: Band 5 and Band 40 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	2300
	2400

	2nd order harmonics frequency range (MHz)
	1738
	1788
	4600
	4800

	3rd order harmonics frequency range (MHz)
	2607
	2682
	6900
	7200

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

	IMD frequency limits (MHz)
	1406
	1531
	3169
	3294

	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)
	512
	662
	3706
	3931

	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)
	4038
	4188
	5469
	5694

	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)
	769
	994
	2275
	2425

	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
	2290
	2410


It can be seen from Table 7.2.5.1.2-2 that the 2nd order IMD products may fall into the BS receive band of Band 11 and Band 21. The 3rd IMD products caused by BS supporting carrier aggregation of Band 5 and Band 40 may fall into the BS receive bands of Band 5, 6, 8, 13, 14, 18, 19, 20, 26, 27, 30, 40, 43 and 44. 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, 13, 14, 18, 19, 26, 27 and 44.

It should be noted that Bands 20 is not intended for use in the same geographical area as Band 5 and 40. Consequently, the issue may exist with IMD products falling into Bands 8, 30, 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.
7.2.5.1.3
∆TIB and ∆RIB values
For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in table 7.2.5.1.3-1, and in table 7.2.5.1.3-2:

Table 7.2.5.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-40A
	5
	0.3

	
	40
	0.3


Table 7.2.5.1.3-2: ΔRIB 

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

	CA_5A-40A
	5
	0

	
	40
	0


7.2.6
LTE Advanced Carrier Aggregation of Band 7 and Band 40 (1 UL)
CA_7-40 is designed to operate in the operating bands defined in table 7.2.6-1.
Table 7.2.6-1: 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_7-40
	7
	2500 MHz
	–
	2570 MHz
	5, 10, 15, 20 
(Note 1)
	2620 MHz
	–
	2690 MHz
	5, 10, 15, 20
	FDD

	
	40
	2300 MHz
	–
	2400 MHz
	5, 10, 15, 20 
(Note 1)
	2300 MHz
	–
	2400 MHz
	5, 10, 15, 20
	TDD

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


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_7A-40A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [x] when operating in single carrier mode.
7.2.6.1.2
Co-existence studies for CA_7-40
Table 7.2.6.1.2-1summarizes frequency ranges where harmonics occur due to Band 7 or Band 40 for both UL and DL. It can be seen that the harmonic frequencies of Band 7 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 7 and Band 40 does not locate within the UE receive bands of interest in the DL. Therefore we can conclude that there is no issue on harmonic interference.
Table 7.2.6.1.2-1: 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

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

	40
	2300
	2400
	2300
	2400
	4600
	4800
	6900
	7200
	4600
	4800
	6900
	7200


Table 7.2.6.1.2-2 gives the intermodulation products supporting 2 DL CA of B7+B40. For the IMD analysis the maximum transmission as defined in Table 7.2.6.1.1-1 is considered. 
Table 7.2.6.1.2-2: IMD frequency limits for CA of Band 7 and Band 40
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2300
	2400
	2620
	2690

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

	IMD frequency range (MHz)
	220 to 390
	4920 to 5090

	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)
	1910 to 2180
	2840 to 3080

	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)
	7220 to 7490
	7540 to 7780

	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 range (MHz)
	2230 to 2470
	2520 to 2790

	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 range (MHz)
	2280 to 2420
	2600 to 2710


It can be seen in the table that 2nd order IMD products does not fall into any of the other BS receive bands. The 3rd order IMD products may fall into BS receive bands of 1, 7, 23, 25, 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 band of Band 7.  

It should be noted that band 23, 25, 30, 34, 36 and 37 are not intended for use in the same geographical area as band 7 in region 1. Consequently, the focus here will be on the harmonics and IMD products falling into Band 1, 33, 38, 39, 40 and 41.
A TDD BS does not transmit and receive simultaneously in a single band, 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 1 and unsynchronized Band 33, unsynchronized Band 38, unsynchronized Band 39 or unsynchronized Band 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization.
Therefore, it is recommended that Bands 7 and 40 BS transmitters should not share the same antenna with Band 1 and unsynchronized Band 33, unsynchronized Band 38, unsynchronized Band 39 or unsynchronized Band 41 receiver, unless the antenna path meets very stringent 3 rd order PIM specification so that the PIM will not cause Band 1 and unsynchronized Band 33, unsynchronized Band 38, unsynchronized Band 39 or unsynchronized Band 41 receiver desensitization.
7.2.6.1.3
∆TIB and ∆RIB values (1UL)

Table 7.2.6.1.3-1 summarizes the additional insertion loss to be introduced for Band 7 and Band 40 combinations by using triplexer according to vendors’ simulations.
Table 7.2.6.1.3-1 triplexer data for Band 7 and Band 40 combinations (under ETC)

	Vendor
	delta IL(dB)
	minimum Isolation (dB)

	
	Band 40 TRx
	Band 7 Tx
	Band 7 Rx
	Band 40 -> Band 7 Rx
	Band 7-> Band 7 Rx
	Band 7 -> Band 40 Rx

	A
	1.1
	0.5
	0.2
	46
	50
	48

	B
	1.1
	0.6
	0.6
	50
	46
	48

	C
	0.8
	0.5
	0.6
	35
	55
	56

	Average
	1.0 
	 0.53
	0.47
	44
	50
	50.6

	Note: delta IL is the insertion loss difference between triplexer and Band 7 duplexer or Band 40 filter.


For two simultaneous DL and one UL the (TIB,c and (RIB,c values are shown in table 7.2.6.1.3-2, and in table 7.2.6.1.3-3:

Table 7.2.6.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7A-40A
	7
	0.5

	
	40
	[0.6]


Table 7.2.6.1.3-3: ΔRIB,c 

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

	CA_7A-40A
	7
	0

	
	40
	0.5


For the REFSENS of Band 7 and Band 40 for 1UL/2DL CA_7A-40A, the requirements are FFS.
7.2.7
LTE Advanced Carrier Aggregation (2DL/1UL) of Band 20 and Band 40

Table 7.2.7-1: 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_20-40
	20
	832 MHz
	–
	862 MHz
	5,10,15,20
	791 MHz
	–
	821 MHz
	5,10,15,20
	FDD

	
	40
	2300 MHz
	–
	2400 MHz
	5,10,15,20
	2300 MHz
	–
	2400 MHz
	5,10,15,20
	TDD


7.2.7.1
List of specific combination issues
This is an A2 combination, i.e. L-H band combination with harmonic relationship, thus MSD may be needed.
7.2.7.1.1
Channel bandwidths per operating band for CA
Table 7.2.7.1.1-1: 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_20A-40A
	20
	
	
	Yes
	Yes
	Yes
	Yes

	
	40
	
	
	Yes
	Yes
	Yes
	Yes


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [4] when operating in single carrier mode.
7.2.7.1.2
Co-existence studies for CA_20-40

<< Text to be added in future related to BS harmonics and IMD issues>>

Table 7.2.7.1.2-1 gives the intermodulation products for band 20+ band 40 CA with 1UL. The 3rd intermodulation product related to band 20 falls into band 41. However, band 41 is not used in the same geographical area where both band 20 and band 40 are in use.   
Table 7.2.7.1.2-1: 1UL B20 + B40 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	832
	862
	2300
	2400

	2nd order harmonics frequency range (MHz)
	1664 to 1724
	4600 to 4800

	3rd order harmonics frequency range (MHz)
	2496 to 2586
	6900 to 7200


7.2.7.1.3

B20 UE receiver harmonic mixing problem

This CA combination is associated with an undesired property that the B40 UL carrier can align with 3rd order harmonic of B20 DL carrier, as shown in Table 7.2.7.1.3-1, which could potentially cause B20 desensitization problem if simultaneous Tx/Rx would be operated, due to the known harmonic mixing problem in typical receiver design.
Table 7.2.7.1.3-1 B20 DL and B40 UL harmonic relation
	 
	B20 DL
	B20 DL x3 
	B40

	Range (MHz)
	791 – 821
	2373 - 2463
	2300 - 2400


Using the commonly adopted L/H band UE reference architecture, as shown in Figure 7.2.7.1.3-1, the B40 UL power at B20 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 B40 PA output to B20 LNA input shall still be better than 100 dB, which likely cannot be achieved even with additional bandpass filters cascaded before LNA.
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Figure 7.2.7.1.3-1 UE reference architecture for self-desensitization analysis
Although adding bandpass filters can help reduce desensitization level, it will also introduce additional insertion loss to B20 receiver, yet the MSD is expected to be still higher than 20 dB due to finite PCB isolation. Therefore, one possibility could be to avoid simultaneous Tx/Rx operation when the B40 UL and B20 DL 3rd harmonic alignment condition occurs. However, there are other system level issues related to mandating non-simultaneous Tx/Rx, e.g. scheduling complexity when both simultaneous and non.-simultaneous Tx/Rx is present in the same network. As an alternative, UL allocation in B40 can be avoided when the B40 UL and B20 DL 3rd harmonic alignment condition occurs

7.2.7.1.4
∆TIB and ∆RIB values
For two simultaneous DLs and one UL the (TIB,c and (RIB values are shown in table 7.2.7.1.4-1, and in table 7.2.7.1.4-2:

Table 7.2.7.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_20A-40A
	20
	0.3

	
	40
	0.3


Table 7.2.7.1.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_20A-40A
	20
	0

	
	40
	0


7.2.7.1.5
MSD

<Text to be added>
7.2.8 
LTE Advanced Carrier Aggregation of Band 3 and Band 41

Table 7.2.8-1: 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_3-41
	3
	1710 MHz
	–
	1785 MHz
	5,10,15,20
	1805 MHz
	–
	1880 MHz
	5,10,15,20
	FDD

	
	41
	2496 MHz
	–
	2690 MHz
	5,10,15,20
	2496 MHz
	–
	2690 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]

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

	CA_3A-41A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	


7.2.8.1.2             Co-existence studies for CA_3-41

Table 7.2.8.1.2-1 gives the inter-modulation products for band 3 + band 41 CA with 2 DLs. For the IMD analysis the maximum transmission as defined in table 7.2.8.1.1-1 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 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28 and 44. The 3rd order IMD products may fall into BS receive bands of 1, 2, 3, 4, 7, 9, 10, 22, 23, 24, 25, 33, 34, 35, 36, 37, 38, 39, 41 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 1, 3, 4, 9, 10, 23, 24, 33, 34, 36 and 37. In addition, it should be noted that Bands 2, 6, 12, 13, 14, 17, 18, 19, 20, 22, 25, 27 and 35 are not intended for use in the same geographical area as Band 3 and Band 41. This leaves bands 5, 8, 26, 28, 38, 39, 41, 42 and 44 to consider for IMD products. 
Considering TDD BS cannot transmit and receive simultaneously in a single band, the own B41 receiver could be protected. 

It is recommended that Bands 3 and 41 BS transmitters should not share the same antenna with Band 5, 8, 26, 28,  unsynchronized 38, unsynchronized 39, unsynchronized 42 and unsynchronized 44 BS receivers unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause these band’s BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
Table 7.2.8.1.2-1: 2DLs B3 + B41 harmonics and IMD products frequency limits  

	DL Frequency
	f1_low
	f1_high
	f2_low
	f2_high

	
	1805
	1880
	2496
	2690

	2nd order harmonics
	3610
	3760
	4992
	5380

	3rd order harmonics
	5415
	5640
	7488
	8070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	
	616
	885
	4301
	4570

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

	
	920
	1264
	3112
	3575

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	
	6106
	6450
	6797
	7260

	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|

	
	1611
	2074
	2421
	2765

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

	
	1785
	1900
	2476
	2710


Table 7.2.8.1.2-2 gives the harmonic products for band 3+ band 41 CA with 1UL. None of the harmonic products fall into the own band, so that we can conclude that there is no issue on UL harmonic interference. 
Table 7.2.8.1.2-2: 1UL B3 + B41 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1785
	2496
	2690

	2nd order harmonics frequency range (MHz)
	3420 to 3570
	4992 to 5380

	3rd order harmonics frequency range (MHz)
	5130 to 5355
	7488 to 8070


7.2.8.1.3
∆TIB and ∆RIB values
For two simultaneous DLs and one UL the (TIB,c and (RIB values are shown in table 7.2.8.1.3-1, and in table 7.2.8.1.3-2:

Table 7.2.8.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_1A-41A
	3
	[FSS]

	
	41
	[FSS]


Table 7.2.8.1.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_1A-41A
	3
	[FSS]

	
	41
	[FSS]


7.2.9
LTE-Advanced Carrier Aggregation of Band 8 and Band 42 (1 UL)

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_8-42
	8
	880 MHz
	–
	915 MHz
	1.4, 3, 5, 10
	925 MHz
	–
	960 MHz
	1.4, 3, 5, 10
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	TDD


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

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

	CA_8A-42A
	8
	Yes
	Yes
	Yes
	Yes
	
	

	
	42
	
	
	Yes
	Yes
	Yes
	Yes


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [z] when operating in single carrier mode.
7.2.9.1.2
Co-existence studies for CA_8-42
As shown in table 7.2.9.1.2-1, the 4th harmonic of Band 8 UL will fall into Band 42 DL. 
Table 7.2.9.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	4th  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
	UL Low Band Edge
	UL High Band Edge

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	3520
	3660

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800
	13600
	14400


7.2.9.1.2.1
Co-existence studies for 1 UL/2 DL

For BS, harmonics and IMDs are calculated in table below:


Table 7.2.9.1.2.1-1 : Band 8 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	3400
	3600

	2nd order harmonics frequency range (MHz)
	1850
	1920
	6800
	7200

	3rd order harmonics frequency range (MHz)
	2775
	2880
	10200
	10800

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	2440
	2675
	4325
	4560

	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)
	1480
	1750
	5840
	6275

	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)
	5250
	5520
	7725
	8160

	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)
	725
	1160
	3365
	3635

	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
	3390
	3610


It can be seen from table 7.2.9.1.2.1-1 that:

· the 2nd harmonics of BS transmitting in Bands 8 and 42 may fall into the BS receive band of Bands 2, 25, 33, 35, 37 and 39,

· the 3rd harmonics may fall into none of BS receive band,

· the 2nd IMD products may fall into the BS receive band of Bands 7, 38 and 41, 

· the 3rd IMD products may fall into the BS receive band of Bands 3, 4, 5, 6, 8, 9, 10, 13, 14, 18, 19, 20, 22, 24, 26, 27, 28, 42, 43 and 44

assuming (except the last row) the whole 35MHz DL frequency of Band 8 and the whole 200 MHz DL frequency of Band 42.

If the BS is only transmitting up to 10 MHz DL in Band 8 and 20MHz DL in Band 42 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 13, 14, 18, 19, 20, 26, 27, 28 and 44 as shown in the last row in table 4.

In terms of fall down to own BS receive band, special care must be taken for the case that one of three tone IMDs falls to Band 8 UL region. In addition, another three tone IMD may fall to Band 42 UL region. Checking Band 8 fall down, affected BS receive portion is the upmost 10MHz (905- 915MHz) while BS transmit portion to generate the relevant IMD3 is the lowest 10MHz (925- 935MHz), assuming Band 42 bandwidth as 20MHz. So this only happens when a BS operates the lowest and the highest 10MHz of Band 8 simultaneously. Concerning Band 42 fall down, it does not matter since Band 42 is TDD, i.e. BS receiver of Band 42 is expected to be stopped whenever such IMD is generated due to simultaneous BS transmit of Band 8 and Band 42.

In addition, it should be noted that Bands 2, 4, 10, 24 and 25 are not intended for use in the same geographical area as Bands 8 and 42.
Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 7, 9, 22, 33, 35, 37, 38, 39, 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 receiver of band listed above would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 42 BS transmitters do not share the same antenna with BS receiver of those bands.

For Band 43, as the band is next to Band 42, care must be taken on actual spectrum arrangement.

7.2.9.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 8 and Band 42.

Table 7.2.9.1.3-1: TIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-42A
	8
	[TBD]

	
	42
	[TBD]


Table 7.2.9.1.3-2: RIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_8A-42A
	8
	[TBD]

	
	42
	[TBD]


7.2.10
LTE Advanced Carrier Aggregation of Band 21 and Band 42
Table 7.2.10-1: 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_21-42
	21
	1447.9 MHz
	–
	1462.9 MHz
	5, 10, 15
	1495.9 MHz
	–
	1510.9 MHz
	5, 10, 15
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	5, 10,15, 20
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	TDD


7.2.10.1
List of specific combination issues
7.2.10.1.1
Channel bandwidths per operating band for CA
Table 7.2.10.1.1-1: 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_21A-42A
	21
	
	
	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 shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101  when operating in single carrier mode.
7.2.10.1.2
Co-existence studies for CA_21-42
The harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 7.2.10.1.2-1. Therefore we can conclude that there is no issue on harmonic interference.

Table 7.2.10.1.2-1: 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

	21
	1447.9
	1462.9
	1495.9
	1510.9
	2895.8
	2925.8
	4343.7
	4388.7
	2991.8
	3021.8
	4487.7
	4532.7

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800
	6800
	7200
	10200
	10800


Table 7.2.10.1.2-2 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 21 and Band 42. 

Table 7.2.10.1.2-2: Band 21 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1495.9
	1510.9
	3400
	3600

	2nd order harmonics frequency range (MHz)
	2991.8
	3021.8
	6800
	7200

	3rd order harmonics frequency range (MHz)
	4487.7
	4532.7
	10200
	10800

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

	IMD frequency limits (MHz)
	1889.1
	2104.1
	4895.9
	5110.9

	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)
	378.2
	608.2
	5289.1
	5704.1

	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)
	6391.8
	6621.8
	8295.9
	8710.9

	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)
	1295.9
	1710.9
	3385
	3615

	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)
	1475.9
	1530.9
	3385
	3615


It can be seen from table 7.2.10.1.2-1 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 21 and Band 42 fall into the BS receive band of Bands 1, 2, 23, 25, 33, 34, 35, 36, 37 and 39, while some 3rd IMD products fall into the BS receive band of Bands 3, 4, 10, 11, 21, 22, 24, 31, 42 and 43. Note that the calculation in table 7.2.10.1.2-1 (except the last row) assumes the BS transmits the whole 200 MHz DL frequency of Band 42. However even if the BS only transmits up to 20 MHz DL in Band 42 as stated in Table 7.2.10.1.1-1, the 3rd IMD products may still fall into the BS receive band of the Bands 22, 31, 42 and 43 as shown in the last row in table 7.2.2.1.2-2.

It should be noted that Band 22 and 31 are not intended for use in the same geographical area as Band 21 and 42. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 42 and 43.

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 21 and 42 BS transmitters should not share the same antenna with Band unsynchronized 43 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band unsynchronized 43 BS receiver desensitization.
7.2.10.1.3
∆TIB and ∆RIB values
Table 7.2.10.1.3-1 shows Triplexer data without 1.5GHz bands. 

Table 7.2.10.1.3-1: Triplexer data without 1.5GHz bands from three device vendors(ETC)
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960 MHz
	1710-1920
	1920-2496
	2496-2690
	3400 MHz ~

	A
	ETC
	0.80 
	0.70 
	0.70 
	1.20 
	1.20 

	B
	ETC
	0.50 
	0.80 
	0.65 
	0.80 
	1.00 

	C
	ETC
	0.50 
	0.65 
	0.65 
	0.95 
	1.20 

	Ave
	ETC
	0.60 
	0.72 
	0.67 
	0.98 
	1.13 


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
Table 7.2.10.1.3-2 shows Triplexer data with 1.5GHz bands. 

Table 7.2.10.1.3-2: Triplexer data with 1.5GHz bands from three device vendors(ETC)
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960
	1427.9-1447.9

(B11Tx)
	1447.9-1462.9

(B21Tx)
	1475.9-1495.9

(B11Rx)
	1495.9-1510.9

(B21Rx)
	1710-1920
	1920-2496
	2496-2690
	3400 ~

	A
	ETC
	0.8
	1.15
	1.05
	-
	0.95
	0.7
	0.7
	1.2
	1.2

	B
	ETC
	0.6
	0.95
	0.90
	0.85
	0.85
	0.65
	0.65
	0.80
	1.0

	C
	ETC
	0.65
	1.05
	1.0
	0.95
	0.90
	0.80
	0.80
	0.95
	1.2

	Ave
	ETC
	0.68
	1.05
	0.98
	-
	0.90
	0.72
	0.72
	0.98
	1.13


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
The comparison of the results of Table 7.2.10.1.3-1 and 7.2.10.1.3-2 is shown in Table 7.2.10.1.3-3.

Table 7.2.10.1.3-3: Comparison of Table 7.2.10.1.3-1 and 7.2.10.1.3-2 (ETC)
	Triplexer
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960
	1427.9-1447.9

(B11Tx)
	1447.9-1462.9

(B21Tx)
	1475.9-1495.9

(B11Rx)
	1495.9-1510.9

(B21Rx)
	1710-1920
	1920-2496
	2496-2690
	3400

	Table 7.2.10.1.3-1
	ETC
	0.60
	-
	-
	-
	-
	0.72 
	0.67 
	0.98 
	1.13 

	Table 7.2.10.1.3-2
	ETC
	0.68
	1.05
	0.98
	-
	0.90
	0.72
	0.72
	0.98
	1.13

	Delta
	ETC
	0.08
	-
	-
	-
	-
	0
	0.05
	0
	0


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
Based on Table 7.2.10.1.3-3, it can be seen that the inclusion of 1.5GHz bands slightly impact on insertion loss of low band, however the difference is 0.08 dB. We believe that the difference is not large enough to change the agreement we made in the discussion for bands other than 1.5 GHz.
For this combination, the (TIB,c and (RIB values are shown in table 7.2.10.1.3-4, and in table 7.2.10.1.3-5:

Table 7.2.10.1.3-4: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_21A-42A
	21
	0.5

	
	42
	[0.8]


Table 7.2.10.1.3-5: ΔRIB 

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

	CA_21A-42A
	21
	[0.2]

	
	42
	[0.5]


7.2.11
LTE Advanced Carrier Aggregation of Band 28 and Band 40

Table 7.2.11-1: 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_28-40
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	
	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD


7.2.11.1

List of specific combination issues

7.2.11.1.1

Channel bandwidths per operating band for CA

Table 7.2.11.1.1-1: 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_28A-40A
	28
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	40
	
	
	
	Yes
	Yes
	Yes
	
	


7.2.11.1.2
Co-existence studies for CA_28A-40A
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 28 and Band 40 DL carriers can be calculated as shown in table 7.2.11.1.2-1 below:
Table 7.2.11.1.2-1 Band 28 and Band 40 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	2300
	2400

	2nd order harmonics frequency range (MHz)
	1516
	1606
	4600
	4800

	3rd order harmonics frequency range (MHz)
	2274
	2409
	6900
	7200

	2nd order IMD products
	f2_low-f1_high
	f2_high-f1_low
	f1_low+f2_low
	f1_high+f2_high

	IMD frequency limits (MHz)
	1497
	1642
	3058
	3203

	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)
	694
	884
	3797
	4042

	3rd order IMD products
	2*f1_low+f2_low
	2*f1_high+f2_high
	f1_low+2*f2_low
	f1_high+2*f2_high

	IMD frequency limits (MHz)
	3816
	4006
	5358
	5603

	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
	2285
	2415


It can be seen from table 7.2.11.1.2-1 that the 2nd and 3rd harmonics of Band 28 and Band 40 DL carriers may fall into the BS receive band of Bands 30 and 40, the 2rd IMD products may fall into the BS receive band of Bands 24 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, 30, 40, 43 and 44. Since Bands  6,  12, 13, 14, 17, 18, 19, 20, 24, 26, 27, 30, 43 and 44 are not intended for use in the same geographical area as Bands 28 and 40, the focus here will be on the harmonics and IMD falling into Bands 5, 8, 28 and 40. As B40 is a TDD band, simultaneous Tx/Rx for the same band will not happen. So the IMD and harmonic impact to B40 needs not to be considered.

It is recommended that Bands 28 and 40 BS transmitters should not share the same antenna with Bands 5, 8 and 28 receivers, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 5, 8 and 28 BS receivers desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
7.2.12
LTE-Advanced Carrier Aggregation of Band 20 and Band 38 (1 UL)

CA_20-38 is designed to operate in the operating bands in table 7.2.12-1.
Table 7.2.12-1: Inter-band CA operating bands

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

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_20-38
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD


7.2.12.1

List of specific combination issues
7.2.12.1.1
Channel bandwidths per operating band for CA

Table 7.2.12.1.1-1: 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_20A-38A
	20
	
	
	Yes
	Yes
	Yes
	Yes

	
	38
	
	
	Yes
	Yes
	Yes
	Yes


7.2.12.1.2
Co-existence studies for 1UL/2DL

Table 7.2.12.1.2-1 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 20 and Band 38. 
Table 7.2.12.1.2-1: Band 20 and Band 38 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	791
	821
	2570
	2620

	2nd order harmonics frequency range (MHz)
	1582
	1642
	5140
	5240

	3rd order harmonics frequency range (MHz)
	2373
	2463
	7710
	7860

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

	IMD frequency limits (MHz)
	1749
	1829
	3361
	3441

	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)
	928
	1038
	4319
	4449

	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)
	4152
	4262
	5931
	6061

	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)
	741
	871
	2540
	2650

	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)
	771
	841
	2550
	2640


It can be seen from table 7.2.12.1.2-1 that 2nd harmonics caused by BS supporting carrier aggregation of Band 20 and Band 38 may fall into the BS receive band of Bands 24, while 3rd harmonics may fall into the BS receive band of Band 40.
It can be seen from table 7.2.12.1.2-1 that 2nd IMD products caused by BS supporting carrier aggregation of Band 20 and Band 38 may fall into the BS receive band of Bands 3-4, 9-10, 22 and 42, while 3rd IMD products may fall into the BS receive band of Bands 5-7, 13-14, 18-20, 26-27, 38, 41 and 44 (assuming BS transmits up to 20MHz in Band 20 and up to 20MHz in Band 38).
As BS cannot transmit and receive in Band 38 at the same time, the 3rd IMD products problem in receive band of Band 38 is not an issue. 

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 7 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 20 + 38 BS transmitter does not share the same antenna with Band 7 BS receiver.

Therefore, it is recommended that Bands 20 + 38 BS transmitter should not share the same antenna with Band 7 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 7 BS receiver desensitization. 

Table 7.2.12.1.2-2 shows the second and third order UL harmonics for bands 20 and 38. It can be seen from table 7.2.12.1.2-2 that 3rd harmonics caused by band 20 UE transmitter may fall to band 38.

Table 7.2.12.1.2-2: Band 20 and Band 38 UL harmonics

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	2570
	2620

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

	2nd harmonics frequency limits (MHz) 
	1664
	1724
	5140
	5240

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

	3rd harmonics frequency limits (MHz)
	2496
	2586
	7710
	7860


7.2.12.1.3
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 and ΔRIB,c  is defined for applicable bands in Table 6.6.2-1 and 6.6.2-2 respectively.
Table 7.2.12.1.3-1: ΔTIB,c for 3DLs aggregation

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

	CA_20A-38A
	20
	TBD

	
	38
	TBD


Table 7.2.12.1.3-2: ΔRIB,c for 3DLs aggregation

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

	CA_20A-38A
	20
	TBD

	
	38
	TBD
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