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Foreword

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

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

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

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

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

1
Scope

The present document is a technical report for Inter-band Carrier Aggregation under Rel-11 time frame. The purpose is to gather the relevant background information and studies in order to address Inter-band Carrier Aggregation requirements.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 30.007: “Guideline on WI/SI for new Operating Bands”

[3]

RP-110702: “LTE-Advanced Carrier Aggregation of Band 3 and Band 7”

[4]
RP-101391, “LTE Advanced Carrier Aggregation of Band 4 and Band 17”

[5]
RP-101435, “LTE Advanced Carrier Aggregation of Band 4 and Band 13”

[6]
RP-111316, “LTE Advanced Carrier Aggregation of Band 4 and Band 12”

[7]
RP-110372, “LTE Advanced Carrier Aggregation of Band 5 and Band 12”

[8]
RP-110403, “LTE Advanced Carrier Aggregation of Band 20 and Band 7”

[9]
RP-110432, “LTE Advanced Carrier Aggregation of Band 2 and Band 17”

[10]
RP-110433, “LTE Advanced Carrier Aggregation of Band 4 and Band 5”

[11]
RP-110434, “LTE Advanced Carrier Aggregation of Band 5 and Band 17”

[12]
RP-111357, “LTE Advanced Carrier Aggregation of Band 1 and Band 7”

[13]
RP-111339, “LTE Advanced Carrier Aggregation of Band 3 and Band 5”

[14]
RP-111358, “LTE inter-band Carrier Aggregation (Band 4 + Band 7)”

[15]
RP-111212, “LTE inter-band carrier aggregation for bands 20+3”

[16]
RP-111213, “LTE inter-band carrier aggregation for bands 20+8”

…
Reference to relevant background documents for the frequency arrangement and regulation should be given.

3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

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].

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:

Symbol format (EW)

<symbol>
<Explanation>

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]. 
 CA_x-y
Inter-band Carrier Aggregation of Band x and Band y



4
Background
The present document is a technical report for Inter-band Carrier Aggregation under Rel-11 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 
There are four categories of inter-band CA combinations for UE. For BS, it is typical that different RF modules are used for different bands. Thus, the categories for BS could be simpler than those for UE. The requirements are mainly affected by the BS antenna configurations. Currently, the wide band antenna can support 1.8 GHz to 2.6 GHz frequency range. For the bands lower than 1 GHz, a separate antenna is needed. 

For the approved inter-band CA combinations, the low-high band combinations using separate antennas can be treated as one category. The situation for these combinations is similar as current non-CA but co-located BSs. The requirements are covered by current specifications in this scenario. The other category is the band combinations which can use the same antenna. The new issue raised in the antenna sharing scenario is the possible passive intermodulation. 
5.2

UE specific 
5.2.1 
Class A1. Low-high band combination without harmonic relation between bands
E-UTRA carrier aggregation class A1 is designed to operate in the operating bands defined in Table 5.2.1-1.

Table 5.2.1-1: Inter band CA class A1 operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

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

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	

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

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	

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

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	CA_2-[x]
	2
	1850 MHz
	–
	1910  MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	[x]
	N/A
	–
	N/A
	N/A
	–
	N/A
	

	CA_2-17
	2
	1850 MHz
	–
	1910  MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	

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

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


The lower tolerance of PCMAX_L for constituent bands of a class A1 combination is reduced by the amount given in TIB,c in Table 5.2.1-2. This relaxation is applied for each component carrier when operating either in single carrier or carrier aggregation configuration with a single uplink CC.
Table 5.2.1-2: ΔTIB,c for the UE that supports inter-band CA class A1
	Inter-band CA Class A1 Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_x-y
	x
	0.3

	
	y
	0.3

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


The minimum requirement for reference sensitivity for constituent bands of a class A1 combination shall be increased by the amount given in ΔRIB in Table 5.2.1-3. This relaxation is applied for each component carrier when operating either in single carrier or carrier aggregation configuration with a single uplink CC.
Table 5.2.1-3: ΔRIB for the UE that supports inter-band CA class A1
	Inter-band CA Class A1 Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_x-y
	x
	0

	
	y
	0


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 or high-high band combination with intermodulation problem (low order IM)
6
Inter-band Carrier Aggregation: band combination specific part
6.1

Class A1. Low-high band combination without harmonic relation between bands
This chapter shall include all inter band CA combinations which can be included in the group low-high combinations without transmitter harmonics.

6.1.1
LTE Advanced Carrier Aggregation of Band 4 and Band 13 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.1.1.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA_4-13
- <Issue …>

6.1.1.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.1.1.1.2
Co-existence studies for CA_4-13
This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.1.1.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.1.1.1
6.1.2
LTE Advanced Carrier Aggregation of Band 20 and Band 7 (1 UL)

CA_20-7 is designed to operate in the operating bands defined in Table 6.1.2-1.

Table 6.1.2-1: Inter band CA operating bands

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

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_20-7
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	



6.1.2.1

List of specific combination issues




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

Table 6.1.2.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

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

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes

	
	20
	
	
	Yes
	Yes
	
	



6.1.2.1.2
Co-existence studies for CA_20-7

The UL harmonic frequencies of band 7 and band 20 for UE are shown in Table 6.1.2.1.2-1. For the case where 3rd order harmonic of band 20 falls into the downlink of band 38, the current TS 36.101 already has requirements covering this case. For the case where 3rd order harmonic of band 20 falls into Band 7 uplink when both carriers are active, since the suppression of harmonic is relative large (e.g. 80 dB) compared to the power difference between the two active carriers, the impact to high band transmitter can be ignored. Hence no further relaxation is needed.
Table 6.1.2.1.2-1: Harmonic frequencies for CA_20-7
	Band
	Harmonic
	Frequency range (MHz)
	Victim band

	B7
	1F
	2500
	2570
	 

	
	2*F
	5000
	5140
	 

	
	3*F
	7500
	7710
	 

	B20
	1F
	832
	862
	 

	
	2*F
	1664
	1724
	 

	
	3*F
	2496
	2586
	B7 uplink (2500~2570); B38 (2570~2620)


For BS implementation of band 7 and band 20 CA, since it is most likely to use separate antennas for the two bands, it is similar to the case of co-located BSs. The requirements are covered by the current specification TS 36.104. Hence no change is needed for this scenario.


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



	CA_20A-7A
	7
	0.3

	
	20
	0.3

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


For the UE which supports CA_20-7 the ΔRIB is defined for applicable bands in Table 6.1.2.1.3-2.
Table 6.1.2.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_7A-20A
	7
	0

	
	20
	0




6.1.3
LTE-Advanced Carrier Aggregation of Band 2 and Band 17 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.1.3.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA 2-17
- <Issue …>

6.1.3.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.1.3.1.2
Co-existence studies for CA_2-17

This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.1.3.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.1.3.1

6.1.4
LTE-Advanced Carrier Aggregation of Band 4 and Band 5 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.1.4.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA_4-5
- <Issue …>

6.1.4.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.1.4.1.2
Co-existence studies for CA_4-5

This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.1.4.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.1.4.1

6.1.5
LTE-Advanced Carrier Aggregation of Band 5 and Band 17 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.1.5.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA_5-17
- <Issue …>

6.1.5.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.1.5.1.2
Co-existence studies for CA_5-17

This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.1.5.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.1.5.1

6.1.6
LTE inter-band carrier aggregation for bands 20+3 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.1.6.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA_20-3
- <Issue …>

6.1.6.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.1.6.1.2
Co-existence studies for CA_20-3
This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.1.6.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.1.6.1

6.1.7
LTE Advanced Carrier Aggregation of Band 3 and Band 5 (1 UL)

Table 6.1.7-1: Inter-band non-contiguous CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FUL_low   –  FUL_high
	
	

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

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

	NOTE 1:   Only one uplink component carrier is to be supported in any of the two frequency bands at any time.


6.1.7.1

List of specific combination issues





6.1.7.1.1
Channel bandwidths per operating band for CA

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

	CA operating / channel bandwidth

	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

	
	5
	
	
	
	Yes
	
	


6.1.7.1.2
Co-existence studies for CA_3-5


As shown in table below, the harmonic frequencies of band 3 and band 5 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.
Table 6.1.7.1.2-1: Impact of UL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic

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

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355

	5
	824
	849
	869
	894
	1648
	1698
	2472
	2547


6.1.7.1.3
∆TIB and ∆RIB values
 


For two simultaneous DL and only one UL, the tentative (TIB,c and (RIB values are given in the tables.
Table 6.1.7.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_3A-5A
	3
	0.31)

	
	5
	0.31)

	NOTE 1:  The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses


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



	CA_3A-5A
	3
	0

	
	5
	0
















6.2

Class A2. Low-high band combination with harmonic relation between bands
This chapter shall include all inter band CA combinations which can be included in the group low-high combinations with transmitter harmonics.
6.2.1
LTE Advanced Carrier Aggregation of Band 4 and Band 17 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.2.1.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA 4-17
- <Issue …>

6.2.1.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.2.1.1.2
Co-existence studies for CA_x-y

This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.2.1.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.2.1.1
6.2.2
LTE-Advanced Carrier Aggregation of Band 4 and Band 12 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.2.2.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA 4-12
- <Issue …>

6.2.2.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.2.2.1.2
Co-existence studies for CA_x-y

This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.2.2.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.2.2.1
6.3

Class A3. Low-low or high-high band combination without intermodulation problem (low order IM) 

This chapter shall include all inter band CA combinations which can be included in the group low-low or high-high combinations without transmitter harmonics.

6.3.1
LTE-Advanced Carrier Aggregation of Band 3 and Band 7 (1 UL)
Table 6.3.1-1: Inter-band non-contiguous CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FUL_low   –  FUL_high
	
	

	CA_3-7
	3
	1710 MHz
	–
	1785 MHz
	5, 10, 15, 20 
(note 1)
	1805 MHz
	–
	1880 MHz
	5, 10, 15, 20
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	10, 15, 20 (note 1)
	2620 MHz
	–
	2690 MHz
	10, 15, 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.


6.3.1.1

List of specific combination issues

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

	CA operating / channel bandwidth

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

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	7
	
	
	
	Yes
	Yes
	Yes


6.3.1.1.2
Co-existence studies for CA_3-7
As band 3 and band 7 are a high-high band combination the harmonic frequencies are far away from the receive and transmit bands of interest in the DL and UL (Table 6.3.1.1.2-1) and therefore we can conclude that there is no issue on harmonic interference.

Table 6.3.1.1.2-1: 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

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

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


Table 6.3.1.1.2-2 gives the frequency range of the third and fifth order intermodulation product when two simultaneous ULs are active in band 3 and band 7. It can be seen that the intermodulation products are not falling within the two inter-bands and therefore no further relaxation is needed.

Table 6.3.1.1.2-2: Third order and fifth order intermodulation products
	Band
	UL low band edge
	UL high band edge
	DL low band edge
	DL high band edge
	UL 3rd order products
	UL 5th order products

	3
	1710 MHz
	1785 MHz
	1805 MHz
	1880 MHz
	850 – 1070 MHz

3215 – 3430 MHz
	10 – 355 MHz

3930 – 4290 MHz

	7
	2500 MHz
	2570 MHz
	2620 MHz
	2690 MHz
	
	


6.3.1.1.3
∆TIB and ∆RIB values
The following ILs for ETC combining band 3 + 7 were reported:

Table 6.3.1.1.3-1: Reported ILs for band 3 + 7 diplexer and quadplexers for ETC

	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)

	3
	0.93
	0.85
	0.5

	7
	1.08
	0.8
	0.4


For the reported IL values there was no or only marginal difference for the Tx/Rx paths reported. With the average IL given as:

Table 6.3.1.1.3-2: Average Tx and Rx IL for combining band 3 and band 7 for ETC
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]

	
[image: image3.wmf]IL


	3
	0.76
	0.76

	
	7
	0.76
	0.76


For two simultaneous DL and one UL the (TIB,c and (RIB values are given in the tables below:
 Table 6.3.1.1.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_3A-7A
	3
	FFS

	
	7
	FFS


Table 6.3.1.1.3-4: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_3A-7A
	3
	FFS

	
	7
	FFS


6.3.2
LTE-Advanced Carrier Aggregation of Band 5 and Band 12 (1 UL)
Table 6.3.2-1: Inter band non-contiguous CA
	E-UTRA CA Band
	E-UTRA
Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_5-12
	5
	824 MHz
	–
	849 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	2620 MHz
	–
	2690 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 band / channel bandwidth

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

	CA_5A-12A
	5
	
	
	
	Yes
	
	

	
	12
	
	
	
	Yes
	
	



6.3.2.1.2
Co-existence studies for CA_5-12

The combination of band 5 and band 12 has harmonic frequencies that are far removed from the component receive and transmit frequencies, in the UL and in the DL of the CA combination, as shown in Table 6.3.2.1.2-1. Since there are no harmonics that coincide with the Rx bandwidth of either of the two bands participating in the CA, additional filtering or de-sensitization impacts are not anticipated.

Table 6.3.2.1.2-1: 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

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

	12
	699
	716
	729
	746
	1398
	1432
	2097
	2148
	1458
	1492
	2187
	2238


Table 6.3.1.1.2-2 gives the frequency range of the second and third order inter-modulation products when two simultaneous ULs are active in band 5 and band 12. It can be seen that the inter-modulation products are not falling within the two bands and therefore no further relaxation is needed.

Table 6.3.2.1.2-2: Second-order and third-order inter-modulation products

	Band
	UL low band edge
	UL high band edge
	DL low band edge
	DL high band edge
	UL 2nd order products
	UL 3rd order products

	5
	824 MHz
	849 MHz
	869 MHz
	894 MHz
	1523 – 1565 MHz
	2097 – 2148 MHz

2347 – 2414 MHz

2472 – 2547 MHz

	12
	699 MHz
	716 MHz
	729 MHz
	746 MHz
	
	



6.3.2.1.3
∆TIB and ∆RIB values
The IL (Insertion Loss) values, based on implementation data, under ETC (Extreme Temperature Conditions) for combining band 5 and band 12, 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: IL values for band 5 + 12 diplexer and quadplexers (under ETC)

	E-UTRA bands
	IL (dB)

	5
	FFS

	12
	FFS


The average IL values are shown in Table 6.3.2.1.3-2:

Table 6.3.1.1.3-2: Average Tx and Rx IL for combining band 5 and band 12 (under ETC)
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]
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	5
	FFS
	FFS

	
	12
	FFS
	FFS


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_5A-12A
	5
	FFS

	
	12
	FFS


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

	CA_5A-12A
	5
	FFS

	
	12
	FFS




6.3.3
LTE-Advanced Carrier Aggregation of Band 1 and Band 7 (1 UL)
Table 6.3.3-1: Inter-band non-contiguous CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low  –  FUL_high 
	
	FDL_low  –  FDL_high 
	
	

	CA_1-7
	1
	1920 MHz
	–
	1980 MHz
	15
	2110 MHz
	–
	2170 MHz
	15
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	15, 20
	2620 MHz
	–
	2690 MHz
	15, 20
	



6.3.3.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA_1-7
- <Issue …>

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_1A-7A
	1
	
	
	
	
	Yes
	

	
	7
	
	
	
	
	Yes
	Yes



6.3.3.1.2
Co-existence studies for CA_1-7

As band 1 and band 7 are a high-high band combination the harmonic frequencies are far away from the receiver and transmitter bands of interest in the DL and UL (see Table 1) and therefore we can conclude that there is no issue on harmonic interference.

Table 6.3.3.1.2-1: Impact of UL/DL Harmonic Interference

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

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

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	6510

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


The table below gives the frequency range of the third and fifth order intermodulation product when two simultaneous ULs are active in band 1 and band 7. It can be seen that the intermodulation products are not falling within the two inter-bands and therefore no further relaxation is needed.

Table 6.3.3.1.2-2: Third order and fifth order intermodulation products

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

	1
	1920 MHz
	1980 MHz
	2110 MHz
	2170 MHz
	1270 – 1460 MHz

3215 – 3430 MHz
	620 – 940 MHz

3930 – 4290 MHz

	7
	2500 MHz
	2570 MHz
	2620 MHz
	2690 MHz
	
	



6.3.3.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.3.3.1
6.3.4
LTE inter-band Carrier Aggregation (Band 4 + Band 7) (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.3.4.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA_4-7
- <Issue …>

6.3.4.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.3.4.1.2
Co-existence studies for CA_4-7

This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.3.4.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.3.4.1
6.4

Class A4. Low-low or high-high band combination with intermodulation problem (low order IM)
This chapter shall include all inter band CA combinations which can be included in the group low-low or high-high combinations with transmitter harmonics.

6.4.1
LTE inter-band carrier aggregation for bands 20+8 (1 UL)
This chapter shall include the WI justification and objective for the inter band contiguous CA combination

6.4.1.1

List of specific combination issues

This chapter shall contain just a list of issues regarding the specific band combination, co-existence studies among others. Each issue will be further studied in specific chapter. This is an example of how the list can look:

- Channel bandwidths per operating band for CA 

- Co-existence studies for CA 20-8
- <Issue …>

6.4.1.1.1
Channel bandwidths per operating band for CA
This chapter shall contain the supported E-UTRA bandwidths per CA configuration for intra-band contiguous CA

6.4.1.1.2
Co-existence studies for CA_20-8
This chapter shall contain co-existence studies for the specific band combination, e.g IMD, harmonics

6.4.1.1.x
<Issue…>

(The title needs to be modified as required)

This chapter is intended to study any other issues related to the band combination that has been identified in 6.4.1.1


























	
	
	

	
	
	

	







Annex A:
Inter-band CA WIs

Table A-1 contains a list of inter-band CA WIs considered on this document and the current status of the WI. 


Table A-1: Inter-band CA WIs and status
	Inter-band CA WI title 
	WI status

	LTE-Advanced Carrier Aggregation of Band 3 and Band 7 [3]
	On going

	LTE Advanced Carrier Aggregation of Band 4 and Band 17 [4]
	On going

	LTE Advanced Carrier Aggregation of Band 4 and Band 13 [5]
	On going

	LTE-Advanced Carrier Aggregation of Band 4 and Band 12 [6]
	On going

	LTE-Advanced Carrier Aggregation of Band 5 and Band 12 [7]
	On going

	LTE Advanced Carrier Aggregation of Band 20 and Band 7 [8]
	On going

	LTE-Advanced Carrier Aggregation of Band 2 and Band 17 [9]
	On going

	LTE-Advanced Carrier Aggregation of Band 4 and Band 5 [10]
	On going

	LTE-Advanced Carrier Aggregation of Band 5 and Band 17 [11]
	On going

	LTE-Advanced Carrier Aggregation of Band 1 and Band 7 [12]
	On going

	LTE Advanced Carrier Aggregation of Band 3 and Band 5 [13]
	On going

	LTE inter-band Carrier Aggregation (Band 4 + Band 7) [14]
	On going

	LTE inter-band carrier aggregation for bands 20+3 [15]
	On going

	LTE inter-band carrier aggregation for bands 20+8 [16]
	On going
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