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Introduction
In the last meeting, the inter-band NR CA combination 2DL/2UL of Band n3 and Band n78 was introduced. This contribution provides a text proposal on NR inter-band 2DL/2UL CA of n3+n78 for 37.866-00-02[1] . 

Reference

[1] TR 37.866-00-02: Rel-15 intra-band NR CA and inter-band NR CA for 2UL, v0.1.0

Text Proposal
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6.x


CA_n3A-n78A

6.x.1
Operating bands for CA
Table 6.x.1-1: CA band combination of band n3+n78
	 NR CA Band combination
	NR 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_n3A-n78A
	n3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	n78
	3300 MHz
	–
	3800 MHz
	3300 MHz
	–
	3800 MHz
	TDD


6.x.2
Channel bandwidths per operating band for CA
Table 6.x.2-1: Supported bandwidths per CA band combination of band n3+n78 

	DC operating / channel bandwidth

	NR CA Configuration
	UL Configuration
	NR Band
	SCS [kHz]
	5

MHz
	10MHz
	15MHz
	20MHz
	25MHz
	30MHz
	40MHz
	50MHz
	60MHz
	80MHz
	100MHz
	Maximum aggregated bandwidth

[MHz]

	CA_n3A-n78A
	CA_n3A-n78A
	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	130

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	n78
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	


6.x.3
UE co-existence studies
Table 6.x.3-1 lists Band n3 +Band 78 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 
Table 6.x.3-1: Band n3 and Band n78 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency
	1710
	1785
	3300
	3800

	2nd order harmonics frequency range (MHz)
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

	2nd order harmonics frequency range (MHz)
	3420
	3570
	6600
	7600

	2nd order harmonics frequency range (MHz)
	3*fx_low
	3*fx_high
	3*fy_low
	3*fy_high

	3rd order harmonics frequency range (MHz)
	5130
	5355
	9900
	11400

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

	IMD frequency limits (MHz)
	1515
	2090
	5010
	5585

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

	IMD frequency limits (MHz)
	380
	270
	4815
	5890

	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)
	6720
	7370
	8310
	9385

	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)
	1610
	1885
	3270
	3830

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

	IMD frequency limits (MHz)
	4180
	3030
	
	

	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)
	1330
	2055
	8115
	9690

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

	IMD frequency limits (MHz)
	10020
	11170
	
	

	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)
	8430
	9155
	11610
	13185

	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)
	13490
	11415
	3840
	3040

	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)
	14910
	16985
	10140
	10940

	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)
	7980
	6330
	1245
	2470

	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)
	13320
	14970
	11730
	12955


Based on Table 6.x.3-1:

 2nd order harmonic may fall into Rx frequencies of bands 22, 42, 48, n77 and n78.
3rd order harmonic may fall into Rx frequencies of band 46.
2nd order IMD may also fall into own Rx of band n3 and Rx frequencies of bands 2, 9, 24, 25, 33~37, 39, 46, 50, 70, 74 and 75. 

3rd order IMD may also fall into Rx frequencies of bands 46, 47 and n79. In addition, when considering the maximum supported channel bandwidth of each band, then the 3rd order IMD may also fall into own Rx of band n3 and n78, and and Rx frequencies of bands 9, 22, 35, 39, 42, 43, 45, 48 and n77. 

4rd order IMD may also fall into own Rx of band n3 and n78,  and Rx frequencies of bands 2, 9, 11, 21, 22, 24, 25, 32~37, 39, 42, 43, 48, 70,  74, 75, 76 and n77
5rd order IMD may also fall into own Rx of band n3 and n78, and Rx frequencies of bands 1, 2, 4, 9~11, 21~25, 30, 32~37, 39, 40, 42, 43, 45, 48, 50, 51, 65, 66, 70, 74, 75, 76, and n77. 

The 3rd, 4th and 5th IMD will be impact to the own received band n78. However, the NR TDD band has no impact from dual uplink transmission since there was no simultaneous Tx/Rx transmission in the band n78.

When 2UL inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.x.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.

Table 6.x.3-2: 2UL Band n3 +Band n78 harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD2, 4, 5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD2, 4, 5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD2, 4, 5

	GPS
	1563
	-
	1587
	Yes
	
	IMD2, 4, 5

	ISM band

 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD5

	ISM band

 (5GHz)
	5150
	-
	5925
	Yes
	US
	Harmonic3, IMD2, 3

	
	5150
	-
	5350
	Yes
	Europe
	Harmonic3, IMD2, 3

	
	5470
	-
	5725
	Yes
	
	 IMD2, 3

	
	5150
	-
	5825
	Yes
	Asia
	Harmonic3, IMD2, 3


Table 6.x.3-3 lists the protected bands required for the 2UL CA configuration.

Table 6.x.3-3: Protected bands for the 2UL CA configuration

	NR CA Configuration
	Spurious emission 

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

	CA_n3A-n78A
	E-UTRA Band 1, 3, 5, 7, 8, 11, 18, 19, 20, 21, 26, 28, 34, 39, 40, 41, 65
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5 
	- 
	1915.7 
	-41
	0.3
	PHS

	
	NR Band n257
	26500
	-
	29500
	[-5]
	100
	


6.x.4
∆TIB and ∆RIB values

For CA_n3A-n78A, the (TIB,c and (RIB values are given in the tables below.

Table 6.x.4-1: ΔTIB,c
	Inter-band CA Configuration
	 NR Band
	ΔTIB,c [dB]

	CA_n3A-n78A
	n3
	0.6

	
	n78
	0.8

	NOTE 1:
HTF is assumed for Band n3.


Table 6.x.4-2: ΔRIB,c
	Inter-band CA Configuration
	 NR Band
	ΔRIB [dB]

	CA_3A-n78A
	n3
	0.2

	
	n78
	0.5

	NOTE 1:
HTF is assumed for Band n3.


6.x.5
MSD
Although Table 6.x.3-1 shows that 3rd order IMD may fall into own Rx of Band n3, according to R4-1711846, MSD caused by IM3 of “FLTE UL - max NR BW” should not be specified due to lower PSD of NR transmission. 

Tables below lists the MSD required for the IMD2 and IMD4 for this CA combination.
Table 6.x.5-2: MSD for the CA configuration for IMD2 and IMD4
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA 

Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n3A-n78A
	n3
	1740
	5
	25
	1835
	[26]
	FDD
	IMD24

	
	
	
	
	
	
	[28.75]
	
	

	
	n78
	3575
	10
	25
	3575
	N/A
	TDD
	N/A

	
	n78
	3710
	10
	25
	3710
	N/A
	TDD
	N/A

	CA_n3A-n78A
	n3
	1765
	5
	25
	1860
	[8.0]
	FDD
	IMD44

	
	
	
	
	
	
	[10.75]
	
	

	
	n78
	3435
	10
	25
	3435
	N/A
	TDD
	N/A

	NOTE 1:
Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A

NOTE 2:
RBSTART = 0 

NOTE4:
This band is subject to IMD5 also which MSD is not specified.
NOTE 5:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.
NOTE 6:   15kHz SCS is assumed.


MSD values for Band n78 due to 2nd harmonic of Band n3 in CA Band n3+ Band n78 are captured in Table 6.x.5-3. 

Table 6.x.5-3: MSD due to harmonic issue 
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n3
	n781,2
	
	23.9 
	22.1 
	20.9 
	
	17.9
	16.9
	16.1
	
	

	
	n783
	
	1.1
	0.8
	0.3
	
	
	
	
	
	

	NOTE 1:
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.
NOTE 2:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 3:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.


Regarding the uplink configuration, 40MHz, 50MHz and 60MHz for n78 should be considered additionally.

Table 6.x.5-3 Uplink configuration for the low band (exceptions) for E-UTRA
	
	E-UTRA or NR Band / Channel bandwidth of the high band

	UL band
	DL band
	5 MHz


	10 MHz


	15 MHz


	20 MHz


	20 MHz


	25 MHz
	30 MHz
	40 MHz


	50 MHz


	60 MHz


	80 MHz


	100 MHz



	3
	n78
	
	26
	39
	53
	
	
	
	106
	133
	160
	
	

	NOTE:   15kHz SCS is assumed for UL band.


----- End of TP -----
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