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1. Introduction

A way forward was agreed in [1] stating that in principle, the TIB and RIB relaxations for 1UL/2DL CA could be reused for 2UL/2DL CA for all classes A1 - A5.  The way forward further states that MSD should be used for 2UL inter-band class A2 to define the requirement for reference sensitivity.  A proposal [3] was presented but not agreed due to concerns that lower Tx powers per CC were not taken into account.
2. Discussion
Harmonic and intermod analysis, TIB /RIB, and MSD were previously presented in [3].  However, a concern was raised that for 2UL inter-band CA, the transmitter power at each CC might be 3 dB lower in the case that both CC's are transmitting at the same power level since the total power of the two transmitters is bound by PCMAX.  This possibility was already identified in [3].  However, it was further recognized that since the power between the two component carriers can vary independently, that there is likely the possibility that the lower frequency CC is transmitting at much higher power level than the upper frequency CC.  Therefore, the reduction in power and the potential reduction in 3rd harmonic interference is negligible and does not merit the additional complexity in the specification.

Nonetheless, we analyze the impact of reduced Tx power on the lower frequency CC.  Following the analysis in [2], but lowering the Tx power from 27.5 dBm to 24.5 dBm to account for the case where the UE transmit power is equally divided between the two uplink component carriers, we find that the 3rd harmonic interference impinging at the input to the high band LNA is -98.6 dBm and -98.5 dBm for the primary and diversity paths, respectively.  The impact of this level of harmonic interference to MSD is estimated in Table 1 below
Table 1.  Third harmonic MSD for single transmission and for dual transmission with power split equally to each CC.

	
	5 MHz
	10 MHz

	Single Tx
	-90
	-89.5

	2 Tx, equal power
	-90.5
	-90


Thus, there is a 0.5 dB potential improvement in MSD when considering equal power transmissions.  However, given that this still represents a 9.5 dB or 7 dB degradation, for 5 and 10 MHz, compared to reference sensitivity without harmonic interference, the improvement is not significant.  The small magnitude of the improvement coupled with the observation that with Tx powers may not be equal and therefore the improvement to MSD will be even smaller, does not seem to justify the additional complexity of creating a new table in the specification.
How to allocate the RB's in the uplink for reference sensitivity has not yet been agreed, but the proposed reference sensitivity values in this contribution reflect the same values as for single uplink which were derived based on full overlap of the 3rd harmonic.

3. Conclusion
For the 2UL class A2 combinations for CA_4-12 and CA_4-17, we propose to reuse the TIB and RIB relaxations from 1UL.  We also propose the reuse the MSD and uplink configuration specifications from 1UL since it is expected that the same UE RF front-end architecture will be used for both 1UL and 2UL.
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Class A2. Low-high band combination with harmonic relation between bands

In accordance with the way forward agreement R4-69AH-0091, we propose to reuse the Tx and Rx relations for class A2 combinations from 1UL to 2UL.  The Tx and Rx relaxations agreed for 1UL were derived based on a "shared-pain" principle applied to the additional insertion loss of a diplexer as well as the harmonic trap filter in the low band needed to suppress the level of the transmitted harmonic.  

The reference sensitivity for 2UL class A2 combinations is also agreed to be specified by MSD.  This is similar to how reference sensitivity is specified for 1UL class A2 since the interference mechanism leading to MSD is the same.  It is expected that the same RF front-end hardware will be used for 2UL as for 1UL for A2 combinations.  Therefore, the insertion losses and linearity specifications for the components will be the same.    
For 2UL CA, one possible difference is that the power at the output of the low band PA may be lower than for single carrier since the composite power of the two transmitters is bound by PCMAX.  However, since the output power of each component carrier is allowed to be power controlled separately, it is still possible that most of the output power is assigned to the low band.  The impact of reduced Tx power per CC depends on the distribution of 3rd harmonic generation throughout the entire transmit and receive chain as well as coupling across the PCB and on-chip.  With the inclusion of a harmonic trap filter attenuating the 3rd harmonic spur at the output of the duplexer, it is estimated that the difference in MSD when considering equal power transmission in each CC is only 0.5 dB.  With unequal power transmission, the difference will be even smaller.
Table 7-1.  Third harmonic MSD for single transmission and for dual transmission with power split equally to each CC.

	
	5 MHz
	10 MHz

	Single Tx
	-90
	-89.5

	2 Tx, equal power
	-90.5
	-90


Therefore, we propose that the H3 interference and therefore the MSD will be approximately the same between 1UL and 2UL and that the same specifications can be reused.

7.1
Specific issue for dual uplink inter-band CA class A2
7.1.1
Dual uplink inter-band CA class A2 operating bands
E-UTRA dual uplink inter-band carrier aggregation class A2 is designed to operate in the operating bands defined in table 7.1.1-1.

Table 7.1.1-1: Dual Uplink Inter-band CA class A2 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_3-8
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960MHz
	

	CA_4-12
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	CA_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


<<< Unchanged sections omitted >>>
7.3
LTE-Advanced Carrier Aggregation of Band 4 and Band 12
Table 7.3-1: 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_4-12
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	


7.3.1
List of specific combination issues

7.3.1.1
Channel bandwidths per operating band for CA

Table 7.3.1.1-1: 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
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	


7.3.1.2
Coexistence studies for 2UL
Harmonic and IMD analysis follows.

Table 7.3.1.2-1: Band 4 and Band 12 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1755
	699
	716

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

	2nd harmonics frequency limits (MHz) 
	3420 to 3510
	1398 to 1432

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

	3rd harmonics frequency limits (MHz)
	5130 to 5265
	2097 to 2148

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	994 to 1056
	2409 to 2471

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2704 to 2811
	278 to 357

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4119 to 4226
	3108 to 3187

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	1041 to 1154
	6124 to 6321

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	4506 to 4619
	7539 to 7736

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	1272 to 1413
	3698 to 3867

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	5517 to 5658
	6528 to 6697


7.3.1.3
∆TIB and ∆RIB values
Table 7.3.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-12A
	4
	0.3

	
	12
	0.8


Table 7.3.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_4A-12A
	4
	0

	
	12
	0.5


7.3.1.4
MSD
Table 7.3.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_4A-12A
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 7.3.1.4-2: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

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

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


7.4
LTE-Advanced Carrier Aggregation of Band 4 and Band 17
Table 7.4-1: 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_4-17
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	


7.4.1

List of specific combination issues

7.4.1.1
Channel bandwidths per operating band for CA

Table 7.4.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Sets

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	


7.4.1.2
Coexistence studies for 2UL

Harmonic and IMD analysis follows.

Table 7.4.1.2-1: Band 4 and Band 17 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1755
	704
	716

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

	2nd harmonics frequency limits (MHz) 
	3420 to 3510
	1408 to 1432

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

	3rd harmonics frequency limits (MHz)
	5130 to 5265
	2112 to 2148

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	994 to 1056
	2414 to 2471

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2704 to 2806
	278 to 347

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4124 to 4226
	3118 to 3187

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	1061 to 1154
	6124 to 6316

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	4526 to 4619
	7544 to 7736

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	1272 to 1398
	3698 to 3857

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	5532 to 5658
	6538 to 6697


7.4.1.3
∆TIB and ∆RIB values
Table 7.4.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-17A
	4
	0.3

	
	17
	0.8


Table 7.4.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_4A-17A
	4
	0

	
	17
	0.5


7.4.1.4
MSD
Table 7.4.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_4A-17A
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 7.3.1.4-2: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

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

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.
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