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1
Introduction
In RAN#83 meeting, the revised WID on Rel-16 'Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Advanced inter-band Carrier Aggregation (CA) Rel-16 for 2 bands Down Link (DL) / 2 band Up Link (UL)'  was approved [1]. In this contribution, a text proposal is provided for the additional pairing of UL_CA_25A-41A to the existing LTE DL CA combinations listed below.  The analysis is done for CA_25A-41A-2UL_25A-41A and extended to the additional DL combinations below.
1. 2BDL_25A-41C_2BUL_25A-41A_BCS0

2. 2BDL_25A-41D_2BUL_25A-41A_BCS0

3. 2BDL_25A-41E_2BUL_25A-41A_BCS0

4. 2BDL_25A-41F_2BUL_25A-41A_BCS0

5. 2BDL_25A-25A-41A_2BUL_25A-41A_BCS0

6. 2BDL_25A-25A-41C_2BUL_25A-41A_BCS0

7. 2BDL_25A-25A-41D_2BUL_25A-41A_BCS0
8. 2BDL_25A-25A-41E_2BUL_25A-41A_BCS0
9. 2BDL_25A-25A-41F_2BUL_25A-41A_BCS0
This contribution provides the analyses required to add the 2UL CA_25A-41A to the DL combinations listed above. It is proposed to incorporate the text proposal below into the current version of TR 36.716-02-02 [2].
2
Text proposal
----- < Start of Text Proposal for TR 36.716-02-02>-----

5.x
CA_2BDL_25A-41A_2UL_25A-41A_BCS0
5.x.1
Channel bandwidths per operating band

Table 5.x.1.-1: CA band combination of band 25 + 41
	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
	

	25
	1850 MHz
	 –
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

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


Table 5.x.1-2: E-UTRA CA configurations and bandwidth combination sets for UL CA_25A-41A

	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_25A-41A
	CA_25A-41A
	25
	
	
	yes
	yes
	yes
	yes
	40
	0

	
	
	41
	
	
	yes
	yes
	yes
	yes
	
	

	CA_25A-41C
	CA_25A-41A
	25
	
	
	yes
	yes
	yes
	yes
	60
	0

	
	
	41
	See CA_41C Bandwidth Combination Set 1 in Table 5.6A.1-1
	
	

	CA_25A-41D
	CA_25A-41A
	25
	
	
	yes
	yes
	yes
	yes
	80
	0

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

	CA_25A-41E
	CA_25A-41A
	25
	
	
	yes
	yes
	yes
	yes
	100
	0

	
	
	41
	See CA_41E Bandwidth Combination Set 0 in Table 5.6A.1-1
	
	

	CA_25A-41F
	CA_25A-41A
	25
	
	
	yes
	yes
	yes
	yes
	120
	0

	
	
	41
	See CA_41F Bandwidth Combination Set 0 in Table 5.6A.1-1
	
	


5.x.2
UE co-existence studies

Table 5.x.2-1 lists Band 25 + Band 41 2UL bands CA  2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 5.x.2-1: Band x and Band y UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

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

	IMD frequency limits (MHz)
	840 – 581
	4346 – 4605

	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)
	1010 – 1334
	3077 – 3530

	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)
	6196 – 6520
	6842 – 7295

	Two-tone 3rd order IMD products
	|fx_low – max BW fy|
	|fx_high + max BW fy|
	|fy_low – max BW fx|
	|fy_high + max BW fx|

	IMD frequency limits (MHz)
	1830 - 1935
	2476 – 2710

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	2860 – 3249
	5573 – 6220

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	1680 – 1162
	8692 – 9210

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	8046 – 8435
	9338 – 9985

	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)
	8910 – 8069
	5164 – 4710

	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)
	4370 – 3658
	753 – 170

	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)
	11834 – 12675
	9896 – 10350

	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)
	11188 – 11900
	10542 – 11125

	NOTE :
For each IMD item, when two bound values before taking absolute have different signs, the relevant IMD range shall be set such that  (1) the lower bound is 0 and (2) the upper bound is the bigger value of the two after taking absolute.


Based on Table 5.x.2-1, 3rd order IMD may also fall into Rx frequencies of bands 25.
Table 5.x.2-2 summarizes frequency ranges where harmonics occur due to Band 25 and Band 41 CA. 

Table 5.x.2-2: Impact of UL/DL Harmonic 

	 
	 
	 
	 
	 
	2nd Harmonic
	3rd Harmonic
	nth 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

	25
	1850
	1915
	1930
	1995
	3700
	3830
	3860
	3990
	 
	 

	41
	2496
	2690
	2496
	2690
	4992
	5380
	4992
	5380
	 
	 


It can be seen from Table 5.x.2-2 that there is no harmonic interference for CA_25A-41E/F towards its own receive bands for this CA combination. 
Table 5.x.2-3 lists the protected bands required for the 2UL bands CA configuration.

Table 5.x.2-3: Protected bands for the 2UL bands CA configuration

	UL E-UTRA CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_25A-41A
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 24, 26, 27, 28, 29, 30, 42, 45, 48, 66, 70, 71
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25
	
	-
	
	-50
	1
	2

	NOTE 2:  These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.


5.x.3  ∆TIB and ∆RIB values 

For CA_n-n , the (TIB,c and (RIB,c values are given in the tables below.

Table 5.x.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_25-41
	25
	0.5

	
	41
	0.41

	
	
	0.92

	NOTE 1: The requirement is applied for UE transmitting on the frequency range of 2545-2690 MHz.
NOTE 2: The requirement is applied for UE transmitting on the frequency range of 2496-2545 MHz.


Table 5.x.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_25-41
	41
	01

	
	
	0.52

	NOTE 1:
The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.

NOTE 2:
The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.


5.x.4

REFSENS requirements

For these combinations, sensitivity degradation is allowed for a band if it is impacted by the UL of another band that is part of the same DC configuration due to cross band isolation issues. RAN4 studied the impact of cross band isolation between Band 25 and n41 for DC_25A_n41A and decided that the MSD would be [0.6] dB the B25 DL due to n41 UL, and no MSD for the n41 DL due to the B25 UL. The same analysis is applied to the LTE CA combinations between B25 and B41.  Reference sensitivity is specified in Table 5.x.4-1 with uplink configuration specified in Table 5.x.4-2. 

Table 5.x.4-1: Reference sensitivity due to cross band isolation 

	EUTRA CA Configuration
	EUTRA band
	Channel bandwidth
	Duplex mode
	Applicable active UL band

	
	
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	
	

	CA_25A-41A, CA_25A-41C, CA_25A-41D, CA_25A-41E, CA_25A-41F
	25
	
	
	[-95.9]
	[-92.9]
	[-91.1]
	[-89.9]
	FDD
	41


Table 5.x.4-2: Uplink configuration for reference sensitivity exceptions due to cross band isolation

	UL band
	DL band
	5
MHz 
	10
MHz 
	15
MHz 
	20
MHz 

	41
	25
	25
	50
	75
	100


According to the co-existence analysis in table 5.x.2-1, the 3rd order IMD frequency range from “fx_low – max BW fy” to “fx_low + max BW fy” may fall into own Rx of band 25 in 1930 to 1935 MHz. However, when the UE is transmitting in 1910-1915 MHz, it will not be receiving in 1930-1935 MHz. Thus, no IMD issues are expected for this CA configuration with dual uplink carrier.
5.y
CA_2BDL_25A-25A-41A_2BUL_25A-41A_BCS0
5.y.1
Channel bandwidths per operating band

Table 5.y.1.-1: CA band combination of band 25 + 41
	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
	

	25
	1850 MHz
	 –
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

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


Table 5.y.1-2: E-UTRA CA configurations and bandwidth combination sets for UL CA_25A-41A

	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_25A-25A-41A
	CA_25A-41A
	25
	See CA_25A-25A Bandwidth Combination Set 1 in Table 5.6A.1-3
	60
	0

	
	
	41
	
	
	yes
	yes
	yes
	yes
	
	

	CA_25A-25A-41C
	CA_25A-41A
	25
	See CA_25A-25A Bandwidth Combination Set 1 in Table 5.6A.1-3
	80
	0

	
	
	41
	See CA_41C Bandwidth Combination Set 1 in Table 5.6A.1-1
	
	

	CA_25A-25A-41D
	CA_25A-41A
	25
	See CA_25A-25A Bandwidth Combination Set 1 in Table 5.6A.1-3
	100
	0

	
	
	41
	See CA_41D bandwidth combination set 0 in table 5.6A.1-0
	
	

	CA_25A-25A-41E
	CA_25A-41A
	25
	See CA_25A-25A Bandwidth Combination Set 1 in Table 5.6A.1-3
	120
	0

	
	
	41
	See CA_41E bandwidth combination set 0 in table 5.6A.1-0
	
	

	CA_25A-25A-41F
	CA_25A-41A
	25
	See CA_25A-25A Bandwidth Combination Set 1 in Table 5.6A.1-3
	140
	0

	
	
	41
	See CA_41E bandwidth combination set 0 in table 5.6A.1-0
	
	


5.y.2
UE co-existence studies

Table 5.y.2-1 lists Band 25 + Band 41 2UL bands CA  2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 5.y.2-1: Band x and Band y UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

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

	IMD frequency limits (MHz)
	840 – 581
	4346 – 4605

	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)
	1010 – 1334
	3077 – 3530

	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)
	6196 – 6520
	6842 – 7295

	Two-tone 3rd order IMD products
	|fx_low – max BW fy|
	|fx_high + max BW fy|
	|fy_low – max BW fx|
	|fy_high + max BW fx|

	IMD frequency limits (MHz)
	1830 - 1935
	2476 – 2710

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	2860 – 3249
	5573 – 6220

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	1680 – 1162
	8692 – 9210

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	8046 – 8435
	9338 – 9985

	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)
	8910 – 8069
	5164 – 4710

	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)
	4370 – 3658
	753 – 170

	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)
	11834 – 12675
	9896 – 10350

	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)
	11188 – 11900
	10542 – 11125

	NOTE :
For each IMD item, when two bound values before taking absolute have different signs, the relevant IMD range shall be set such that  (1) the lower bound is 0 and (2) the upper bound is the bigger value of the two after taking absolute.


Based on Table 5.y.2-1, 3rd order IMD may also fall into Rx frequencies of bands 25.
Table 5.x.2-2 summarizes frequency ranges where harmonics occur due to Band 25 and Band 41 CA. 

Table 5.x.2-2: Impact of UL/DL Harmonic 

	 
	 
	 
	 
	 
	2nd Harmonic
	3rd Harmonic
	nth 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

	25
	1850
	1915
	1930
	1995
	3700
	3830
	3860
	3990
	 
	 

	41
	2496
	2690
	2496
	2690
	4992
	5380
	4992
	5380
	 
	 


It can be seen from Table 5.x.2-1 that there is no harmonic interference for CA_25A-41E/F towards its own receive bands for this CA combination. 
Table 5.y.2-3 lists the protected bands required for the 2UL bands CA configuration.

Table 5.y.2-2: Protected bands for the 2UL bands CA configuration

	UL E-UTRA CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_25A-41A
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 24, 26, 27, 28, 29, 30, 42, 45, 48, 66, 70, 71
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25
	
	-
	
	-50
	1
	2

	NOTE 2:  These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.


5.y.3  ∆TIB and ∆RIB values 

For CA_n-n , the (TIB,c and (RIB,c values are given in the tables below.

Table 5.y.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_25-41
	25
	0.5

	
	41
	0.41

	
	
	0.92

	NOTE 1: The requirement is applied for UE transmitting on the frequency range of 2545-2690 MHz.
NOTE 2: The requirement is applied for UE transmitting on the frequency range of 2496-2545 MHz.


Table 5.y.3-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_25-41
	41
	01

	
	
	0.52

	NOTE 1:
The requirement is applied for UE transmitting on the frequency range of 2545-2690MHz.

NOTE 2:
The requirement is applied for UE transmitting on the frequency range of 2496-2545MHz.


5.y.4

REFSENS requirements

For these combinations, sensitivity degradation is allowed for a band if it is impacted by the UL of another band that is part of the same DC configuration due to cross band isolation issues. RAN4 studied the impact of cross band isolation between Band 25 and n41 for DC_25A_n41A and decided that the MSD would be [0.6] dB the B25 DL due to n41 UL, and no MSD for the n41 DL due to the B25 UL. The same analysis is applied to the LTE CA combinations between B25 and B41.  Reference sensitivity is specified in Table 5.y.4-1 with uplink configuration specified in Table 5.y.4-2. 

Table 5.y.4-1: Reference sensitivity due to cross band isolation 

	EUTRA CA Configuration
	EUTRA band
	Channel bandwidth
	Duplex mode
	Applicable active UL band

	
	
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	
	

	CA_25A-25A-41A, CA_25A-25A-41C, CA_25A-25A-41D, CA_25A-25A-41E, CA_25A-25A-41F
	25
	
	
	[-95.9]
	[-92.9]
	[-91.1]
	[-89.9]
	FDD
	41


Table 5.y.4-2: Uplink configuration for reference sensitivity exceptions due to cross band isolation

	UL band
	DL band
	5
MHz 
	10
MHz 
	15
MHz 
	20
MHz 

	41
	25
	25
	50
	75
	100


According to the co-existence analysis in table 5.y.2-1, the 3rd order IMD frequency range from “fx_low – max BW fy” to “fx_low + max BW fy” may fall into own Rx of band 25 in 1930 to 1935 MHz. However, when the UE is transmitting in 1910-1915 MHz, it will not be receiving in 1930-1935 MHz. Thus, no IMD issues are expected for this CA configuration with dual uplink carrier.
----- < End of Text Proposal >-----
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