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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 5DL/1UL Inter-band Carrier Aggregation under Rel-14 time frame according to the New CA WI approach in Release 14 [1]. The purpose is to gather the relevant background information and studies in order to address 5DL/1UL Inter-band Carrier Aggregation requirements for the Rel-14 band combinations in Table 1-1.
Table 1-1: Release 14 5DL/1UL inter-band carrier aggregation combinations
	CA combination
	REL independent from

	CA_1A-41C-42C
	12

	CA_2A-4A-5B-30A
	12

	CA_2C-5B-30A
	12

	CA_3C-41D
	12

	CA_3A-41C-42C
	12

	CA_4A-4A_5B_ 30A
	12

	CA_8B-41D
	12

	CA_39C-41D
	12

	CA_41C-42D
	12

	CA_41D-42C
	12


This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.

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]
RP-151862, “New CA WI approach”, RAN#70.

[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
TR 36.857-13: “LTE-Advanced 5 Band Carrier Aggregation (5DL/1UL); Release 13”. 
[4]

RP-151671, “New WI: LTE Advanced inter-band CA Rel-14 for 5DL/1UL”, RAN#70.
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] 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 [2].

3.2
Symbols

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

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] 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 [2].
4
Background
The present document is a technical report for 5DL/1UL Inter-band Carrier Aggregation under Rel-14 timeframe. It covers both the UE and BS side. The document is divided in two different parts:

- 
General part: this part covers band combination independent aspects. 

- 
Specific band combination part:  this part covers each band combination specific issues (i.e. one subclause defined per band combination)

4.1
TR Maintenance
A single company is responsible for introducing all approved TPs in the current TR, i.e. TR editor. However, it is the responsibility of the contact person of each band combination to ensure that the TPs related to the band combination have been implemented.
5
5 Band Carrier Aggregation with Single UL: General Part
As 5DL CA combinations have been studied in Rel-13, the identified general issues in Rel-13 [3] also apply to Rel-14. This TR only captured the new general issues if identified in Rel-14.
<Text will be added.>

6
5 Band Carrier Aggregation with Single UL: Specific Band Combination Part

6.1
CA_8B-41D_BCS0
6.1.1
Channel bandwidths per operating band for CA
Table 6.1.1-1: 5DL 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_8-41
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

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


Table 6.1.1-2: Supported E-UTRA bandwidths per CA configuration for 5DL inter-band CA
	CA configuration
	Operating

bands
	Channel bandwidth(MHz)
	Bandwidth Combination Set
	Maximum aggregated bandwidth

[MHz]

	
	
	1.4
	3
	5
	10
	15
	20
	
	

	CA_8B-41D
	8
	See table 6.X.1-3 below
	0
	80

	
	41
	See CA_41D in Table 5.6A.1-1 in TS 36.101 of Bandwidth Combination Set 0
	
	


Table 6.1.1-3 Bandwidth combination sets defined for CA_8B
	
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_8B
	5, 10
	10
	20
	0

	
	10
	5
	
	


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.


6.1.2
Co-existence studies

6.1.2.1
For the BS

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting the 5DL CA configurations of CA_8B_41D can be calculated as shown in Table 6.1.2.1-1 and Table 6.1.2.1-2.
Table 6.1.2.1-1: DL harmonics frequency limits for 5DL CA of Band 8, Band 8, Band 41, Band 41 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 6.1.2.1-1, second harmonics may fall to UL frequencies of Band 2, 25, 33, 35, 37 or 39. 
Table 6.1.2.1-2: DL IMD products frequency limits for 5DL CA of Band 8, Band 8, Band 41, Band 41 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)
	865 to 1020
	2476 to 2710


As shown in Table 6.1.2.1-2, 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 or 44. It is suggested BS transmitters supporting CA of Band 8, Band8, Band 41, Band 41 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, 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, 42, 43 or 44 BS receiver desensitization.
6.1.2.2
For the UE

As shown in the table 6.1.2.2-1, the 3rd harmonic of band 8 will fall into DL of band 41.
Table 6.1.2.2-1: Impact of UL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic

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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745

	41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070


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

6.1.3
∆TIB and ∆RIB values
For the UE which supports CA_8B-41D, the ΔTIB,c and ΔRIB,c  are defined for applicable bands in Table 6.1.3-1 and 6.1.3-2 respectively.
Table 6.1.3-1: ΔTIB,c for 5DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8B-41D
	8
	0.3

	
	41
	0.3


Table 6.1.3-2: ΔRIB,c for 5DLs aggregation

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



	CA_8B-41D
	8
	0

	
	41
	0





6.2
CA_39C-41D_BCS0
6.2.1
Channel bandwidths per operating band for CA
Table 6.2.1-1: 5DL Inter-band CA operating bands

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

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_39-41
	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	


Table 6.2.1-2: Supported E-UTRA bandwidths per CA configuration for 5DL inter-band CA
	CA configuration
	Operating

bands
	Channel bandwidth(MHz)
	Bandwidth Combination Set
	Maximum aggregated bandwidth

[MHz]

	
	
	1.4
	3
	5
	10
	15
	20
	
	

	CA_39C-41D
	39
	See CA_39C in Table 5.6A.1-1 in TS 36.101 of Bandwidth Combination Set 0
	0
	95

	
	41
	See CA_41D in Table 5.6A.1-1 in TS 36.101 of Bandwidth Combination Set 0
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all for the constituent bands as defined in table 5.6.1-1 of TS 36.101 when operating in single carrier mode.
6.2.2
Co-existence studies

6.2.2.1
For the BS

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting the 5DL CA configurations of CA_39C_41D can be calculated as shown in Table 6.2.2.1-1 below:
Table 6.2.2.1-1: Band 39 and Band 41 5DL harmonics and IMD products

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

	DL frequency (MHz)
	1880
	1920
	2496
	2690

	
	
	
	
	

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

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

	
	
	
	
	

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

	IMD frequency limits (MHz)
	576
	810
	4376
	4610

	
	
	
	
	

	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)
	1070
	1344
	3072
	3500

	
	
	
	
	

	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)
	6256
	6530
	6872
	7300

	
	
	
	
	

	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)
	1820
	1980
	2461
	2725


It can be seen from Table 6.2.2.1-1 that 2nd order harmonics may fall into BS receive band of band 43, two-tone 2nd order IMD products may fall into BS receive band of band 12, 13, 14, 17, 27, 28, 44. 3rd order IMD products may fall to UL frequencies of Band 1, 2, 7, 22, 25, 33, 35, 36, 37, 38 or 42.
It is suggested BS transmitters supporting CA of Band 39, Band 39, Band 41, Band 41 and Band 41 should not share the same antenna with Band 1, 2, 7, 12, 13, 14, 17, 22, 25, 27, 28, 33, 35, 36, 37, 38, 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 1, 2, 7, 12, 13, 14, 17, 22, 25, 27, 28, 33, 35, 36, 37, 38, 42, 43 or 44 BS receiver desensitization.

6.2.2.2
For the UE

For single UL non-simultaneous UE, the 2nd and 3rd harmonic analysis for B39 and B41 is done in the 2DL/1UL TR 36.851. None of the products falls into the B39 or B41 UE receiving bands.  For UE co-existence the single UL is already considered for these bands in TS 36.101.
6.2.3
∆TIB and ∆RIB values
For the UE which supports CA_39C-41D, the ΔTIB,c and ΔRIB,c are defined for applicable bands in Table 6.2.3-1 and 6.2.3-2 respectively.
Table 6.2.3-1: ΔTIB,c for 5DLs aggregation

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

	CA_39C-41D
	39
	0

	
	41
	0


Table 6.2.3-2: ΔRIB,c for 5DLs aggregation

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

	CA_39C-41D
	39
	0.2

	
	41
	0.2


6.3
CA_41C-42D_BCS0 and CA_41D-42C_BCS0
6.3.1
Channel bandwidths per operating band for CA
Table 6.3.1-1: Supported E-UTRA bandwidths per CA configuration for 5DL inter-band CA
	CA configuration
	Operating

bands
	Channel bandwidth(MHz)
	Bandwidth Combination Set
	Maximum aggregated bandwidth

[MHz]

	
	
	1.4
	3
	5
	10
	15
	20
	
	

	CA_41C-42D
	41
	See CA_41C Bandwidth Combination Set 0 in TS 36.101 Table 5.6A.1-1
	0
	100



	
	42
	See CA_42D Bandwidth Combination Set 0 in TS 36.101 Table 5.6A.1-1
	
	

	CA_41D-42C
	41
	See CA_41D Bandwidth Combination Set 0 in TS 36.101 Table 5.6A.1-1
	0
	100



	
	42
	See CA_42C Bandwidth Combination Set 0 in TS 36.101 Table 5.6A.1-1
	
	


6.3.2
Co-existence studies

The 2nd and 3rd harmonic and IMD products caused in the BS by transmitting CA_41C-42D or CA_41D-42C follow from those derived for the constituent 2DL and 3DL CA fall-back modes.
6.3.3
∆TIB and ∆RIB values
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 6.3.3-1 and 6.3.3-2 respectively.

Table 6.3.3-1: ΔTIB,c for 5DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_41C-42D
	41
	01

	
	42
	0.51

	CA_41D-42C
	41
	01

	
	42
	0.51

	NOTE 1:
Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.


Table 6.3.3-2: ΔRIB,c for 5DL aggregation

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

	CA_41C-42D
	41
	0.41

	
	42
	0.51

	CA_41D-42C
	41
	0.41

	
	42
	0.51

	NOTE 1:
Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.



6.3.4
REFSENS requirements
For the two combinations, UE support inter-band CA with 1UL and without simultaneous Rx/Tx, the same REFSENS requirements for the constituent 2DL and 3DL CA fall-back modes can be re-used.
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