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1. Introduction

In RAN#67, the WI [1] for the LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 3 and Band 42 was approved. This contribution is a text proposal for TR 36.853-13 to add LTE Advanced Carrier Aggregation of Band Combination (1+3+42).
2. Relaxation values
This 3DL combination is composed of three 2DL combinations (i.e. CA_1A-3A, CA_1A-42A and CA_3A-42A). These 2DL combinations have already specified in Rel-12 timeframe based on the following assumptions.
· CA_1A-3A: Quadplexer basis

· CA_1A-42A: Triplexer basis

· CA_3A-42A: Triplexer and HTF basis
In CA_1A-3A-42A case, HTF will be required in order to suppress B3 harmonic as is the case with CA_3A-42A in the following reasons. 
In case of CA_3A-42A and CA_3A-42C, the requirements were generated based on inserting the HTF between B3 PA and B3 duplexer where the HTF was placed after B3 duplexer since the harmonic level of duplexer cannot be ignored. In addition, since it cannot be expected that quadplexer has significantly better linearity than duplexer, we conclude that this 3DL combination needs to place the HTF after the quadplexer as well as shown in Figure 1.
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Figure 1. RF architecture for CA_1A-3A-42A
In this case, relaxation due to HTF will be required for both B1 and B3, which are ΔTIB,c=0.6dB and ΔRIB,c=0.2dB respectively. For B42, it is reasonable to reuse the same relaxation as the cases of CA_1A-42A and CA_3A-42A, which are ΔTIB,c=[0.8]dB, ΔRIB,c=[0.5]dB.
Table 1: Proposed relaxation values
	CA Config.
	E-UTRA Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_1A-3A-42A
	1
	0.6
	0.2

	
	3
	0.6
	0.2

	
	42
	[0.8]
	[0.5]


3. Text Proposal
----- Unchanged sections omitted -----

Table 1-1: Release 13 3DL inter-band carrier aggregation combinations

	WI code
	WI title

	LTE_CA_B1_B3_B42
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 42


----- Unchanged sections omitted -----

6.X
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 42
6.X.1
Operating bands for CA

Table 6.X.1-1: 3DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_1-3-42
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	

	
	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD


6.X.2
Channel bandwidths per operating band for CA

Table 6.X.2-1: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_1A-3A-42A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	3
	
	
	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 [2] when operating in single carrier mode 
6.X.3
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 1, Band 3 and Band 42 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.X.3-1 below:
Table 6.X.3-1: Band 1, Band 3 and Band 42 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f3-low
	f3-high

	DL frequency (MHz)
	2110
	2170
	1805
	1880
	3400
	3600

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	315
	650

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	3630
	3965

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3035
	3370

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	7315
	7650


It can be seen from Table 6.X.3-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (1 + 3 + 42) may fall into the BS receive band of Bands 31 and 43, where receiver desensitization might be an issue. Therefore, it is recommended that Bands 1, 3 and 42 BS transmitters should not share the same antenna with Band 31 or unsynchronized Band 43 BS receivers, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 31 or unsynchronized Band 43 BS receivers desensitization.
6.X.4
ΔTIB,c and ΔRIB,c
This 3DL combination is composed of three 2DL combinations (i.e. CA_1A-3A, CA_1A-42A and CA_3A-42A). These 2DL combinations have already specified in Rel-12 timeframe based on the following assumptions.
· CA_1A-3A: Quadplexer basis

· CA_1A-42A: Triplexer basis

· CA_3A-42A: Triplexer and HTF basis
In CA_1A-3A-42A case, HTF will be required in order to suppress B3 harmonic as is the case with CA_3A-42A in the following reasons. 
In case of CA_3A-42A and CA_3A-42C, the requirements were generated based on inserting the HTF between B3 PA and B3 duplexer where the HTF was placed after B3 duplexer since the harmonic level of duplexer cannot be ignored. In addition, since it cannot be expected that quadplexer has significantly better linearity than duplexer, we conclude that this 3DL combination needs to place the HTF after the quadplexer as well as shown in Figure 1.
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Figure 1. RF architecture for CA_1A-3A-42A

In this case, relaxation due to HTF will be required for both B1 and B3, which are ΔTIB,c=0.6dB and ΔRIB,c=0.2dB respectively. For B42, it is reasonable to reuse the same relaxation as the cases of CA_1A-42A and CA_3A-42A, which are ΔTIB,c=[0.8]dB, ΔRIB,c=[0.5]dB.
Based on the analysis above, for the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c and ΔRIB,c are defined for applicable bands in Table 6.X.4-1 and Table 6.X.4-2 respectively.
Table 6.X.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-42A
	1
	0.6

	
	3
	0.6

	
	42
	[0.8]


Table 6.X.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-42A
	1
	0.2

	
	3
	0.2

	
	42
	[0.5]


6.X.5
MSD
For this combination, two MSD requirements should be specified. One is degradation of Band 3 DL from Band 1 UL due to narrow frequency separation between the Band 1 UL and Band 3 DL. The other is degradation of Band 42 DL due to the 2nd order harmonics generated by Band 3 UL. For this 3DL combination, it is reasonable to specify the same MSD requirements as CA_1A-3A and CA_3A-42A respectively since no additional challenges are required. The former MSD is specified in Table 6.X.5-1 and 6.X.5-2, and the latter is specified in Table 6.X.5-3 and 6.X.5-4.
Table 6.X.5-1: 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_1A-3A-42A9,10
	1
	
	
	-99.8 
	-96.8
	-95
	-93.8
	FDD

	
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	

	
	42
	
	
	[-71.7]
	[-71.7]
	[-71.7]
	[-71.7]
	TDD

	CA_1A-3A-42A11
	1
	
	
	-99.8 
	-96.8
	-95
	-93.8
	FDD

	
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	

	
	42
	
	
	[-97.1]
	[-94.7]
	[-93.2]
	[-92.5]
	TDD

	NOTE 9:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-42A, CA_3A-42C, CA_1A-3A-42A and CA_3A-19A-42A. 
NOTE 10:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 11:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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Table 6.X.5-2: Uplink configuration for the low band (exceptions)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

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

	CA_1A-3A-42A
	3
	
	
	12
	25
	36
	50
	FDD


Table 6.X.5-3: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for three 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_1A-3A-42A4
	1
	
	
	-99.8
	-96.8
	-95
	-93.8
	FDD

	
	3
	
	
	-93.8
	-91.3
	-89.8
	-88.8
	

	
	42
	
	
	[-98.5]
	[-95.5]
	[-93.7]
	 [-92.5]
	TDD

	CA_1A-3A-42A5
	1
	
	
	-99.8
	-96.8
	-95
	-93.8
	FDD

	
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	

	
	42
	
	
	[-98.5]
	[-95.5]
	[-93.7]
	 [-92.5]
	TDD

	NOTE 4:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in other than Band 1, the requirement applies regardless of channel bandwidth in Band 1.
NOTE 5:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz. For each channel bandwidth in other than Band 1, the requirement applies regardless of channel bandwidth in Band 1.


Table 6.X.5-4: Uplink configuration for the low band (exceptions for three 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_1A-3A-42A1, 2
	1
	
	
	25
	25
	25
	25
	FDD

	CA_1A-3A-42A1, 3
	1
	
	
	25
	45
	45
	45
	FDD

	NOTE 1:
refers to the UL resource blocks shall be located as close as possible to the downlink channel in Band 3 but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1) in the uplink channel in Band 1.

NOTE 2:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz
NOTE 3:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz.


----- Unchanged sections omitted -----
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