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1 Background
This contribution provides text proposal on the NR CA band combination CA_n28A-n74A as defined in New WID on NR Inter-band Carrier Aggregation/Dual Connectivity  for 2 bands DL with x bands UL (x=1,2) RP-202199 [1].
2 Discussion
[bookmark: OLE_LINK30]This inter-band ENDC combination is subjected to the 2nd, 4th and 5th order IM issues. We use main/diversity antenna topology as RF front-end architecture in our analysis, as shown in figure 1. The component linearity assumptions are listed in table 1, and the component attenuation and isolation values are listed in table 2.
		Table 1 General linearity parameters
	Component
	IP2(dBm)
	IP4(dBm)
	IP5(dBm)

	Antenna switch
	112
	56
	53

	Diplexer
	115
	55
	53

	Duplexer
	115
	55
	53

	PA forward mixing
	28
	30
	28

	PA reverse mixing
	40
	30
	40

	LNA
	5
	-6
	-10



[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\2197C00F-B1DA-4ECD-8F75-CC17CFD5122C.png]
Figure 1 main/diversity antenna topology
Table 2 Attenuation and isolation values
	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	10
	Main antenna to diversity antenna

	PA gain
	25
	

	PCB isolation Paout-Pain
	60
	PCB isolation (PA forward mixing)

	n28 Tx attenuation at Band n74 Rx
	32
	

	n74 Tx attenuation at n28 RX
	30
	



Table 3 and Table 4 summarize the MSD analysis results for CA_n28-n74.

[bookmark: _GoBack]Table 3 MSD calculation for victim Rx of band 28
	Component
	IMD2(dBm)
	IMD4(dBm)

	
	Main_@Antenna
	Div_@Antenna
	Main_@Antenna
	Div_@Antenna

	n28 PA Forward mixing interference
	-62.4
	
	-75.8
	

	n74 PA Forward mixing interference
	-76.8
	
	-171.9
	

	n28 PA Reserve mixing interference
	-91.9
	
	-93.9
	

	n74 PA Reserve mixing interference
	-113.1
	
	-188.5
	

	n28 duplexer 
	-119.4
	
	-126.4
	

	B28 LNA via filters
	-70.8
	
	-89.2
	

	B28 LNA via PCB coupling
	-79.4
	
	-147.8
	

	Diplexer (L-H)
	-73.4
	-94.2.2
	-81.8
	-124.2

	Antenna switch
	-79.6
	-92.1
	-92.6
	-129.7

	interference From main path
	
	-71.2
	
	-84.6

	Total
	-61.2
	-71.02
	-74.6
	-84.6



[bookmark: OLE_LINK28]Table 4 MSD requirements for band n28 Rx with UL band n28 and n74
	NR CA Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	[bookmark: _Hlk70261849]CA_n28-n74
	n28
	705.5
	5
	25
	760.5
	24.6
	IMD2

	
	n74
	1466
	5
	25
	1514
	N/A
	N/A

	CA_n28-n74
	n28
	743
	5
	25
	798
	11.3
	IMD4

	
	n74
	1431
	5
	25
	1479
	N/A
	N/A



Table 5 and Table 6 summarize the MSD analysis results for CA_n28-n74.

Table 5 MSD calculation for victim Rx of band 74
	Component
	IMD4(dBm)

	
	Main_@Antenna
	Div_@Antenna

	n74 PA Forward mixing interference
	-94.6
	

	B28 PA Forward mixing interference
	-169.2
	

	n74 PA Reserve mixing interference
	-71.6
	

	B28 PA Reserve mixing interference
	-74
	

	n74 duplexer
	-135.3
	

	n74 LNA via filters
	-110.6
	

	n74 LNA via PCB coupling
	-27
	

	Diplexer (L-H)
	-83
	-124.5

	Antenna switch
	-92.5
	-128.5

	interference From main path
	
	-81.04

	Total
	-71.04
	-81.04



Table 6 MSD requirements for CA_n28-n74
	EN-DC Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	CA_n28-n74
	n28
	709
	5
	25
	764
	N/A
	N/A

	
	n74
	1466
	5
	25
	1514
	14.6
	IMD4



Text Proposal
[bookmark: _Toc405202255]---Start of changes---
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]6.X	CA_n28-n74
[bookmark: _Toc16675]6.X.1	Common for 1 band UL and 2 bands UL CA
[bookmark: _Toc7224]6.X.1.1 Operating bands for CA
Table 6.X.1.1-1: CA band combination CA_n28A-n74A
	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_n28-n74
	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	
	n74
	1427 MHz
	–
	1470 MHz
	1475 MHz
	–
	1518 MHz
	FDD

	



[bookmark: _Toc10408]6.X.1.2	Channel bandwidths per operating band for CA
Table 6.X.1.2-1: Supported bandwidths per CA band combination CA_n28A-n74A
	[bookmark: OLE_LINK101][bookmark: OLE_LINK102]NR CA configuration
	Uplink CA configuration
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	
	
	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100
	

	CA_n28A-n74A
	-
	n28
	5
	10
	15
	20
	
	30
	
	
	
	
	
	
	
	0

	
	
	n74
	5
	10
	15
	20
	
	
	
	
	
	
	
	
	
	



[bookmark: _Toc24509]6.X.1.3	UE Co-existence studies
Table 6.X.1.3-1/2 summarizes frequency ranges where harmonics and/or harmonics mixing occur for CA_n28-n74.
Table 6.X.1.3-1: Impact of UL/DL Harmonic 
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th 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

	[bookmark: _Hlk16242357][bookmark: _Hlk51577872]n28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	2812
	2992

	[bookmark: _Hlk59890697]n74
	1427
	1470
	1475
	1518
	2854
	2940
	4281
	4410
	5708
	5880



Based on above table, 2nd harmonic of band n28 UL fall into band n74 DL.
Table 6.X.1.3-2: Impact of UL/DL Harmonic mixing
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic

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

	n28
	703
	748
	758
	803
	1516
	1606
	2274
	2409
	3032
	3212

	n74
	1427
	1470
	1475
	1518
	2950
	3036
	4425
	4554
	5900
	6072



Based on above table, there is no harmonic mixing issue.

[bookmark: _Toc17664]6.X.1.4	∆TIB and ∆RIB values
For CA_n28-n74 , the ∆TIB,c and ∆RIB,c values are given in the tables below which refer to TS 38.101-3 DC_11-n28 and TS 36.101 CA_11-28, CA_21-28 relaxation values.
Table 6.X.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n28-n74
	n28
	0.6

	
	n74
	0.4

	



Table 6.X.1.4-2: ΔRIB
	Inter-band CA Configuration
	NR Band
	ΔRIB [dB]

	CA_n28-n74
	n28
	0.2

	
	n74
	0

	



[bookmark: _Toc22173]6.X.1.5	REFSENs requirements
Regarding MSD due to harmonics of n28 UL fall into n74 DL, the exceptions are needed. The reference sensitivity exceptions are proposed in Table 6.X.1.5-1 with uplink configuration specified in Table 6.X.1.5-2.
Table 6.X.1.5-1: Reference sensitivity exceptions due to UL harmonic for NR CA FR1
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n28
	n741,2
	23.1
	19.8
	18
	16.8
	
	
	
	
	
	
	
	
	

	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 and a range ∆FHD above and below the edge of this downlink transmission bandwidth. The value ∆FHD depends on the band combination: ∆FHD = 10 MHz for CA_n1-n77, CA_n2-n78, CA_n3-n77, CA_n3-n78, CA_n2-n48, CA_n25-n48, CA_n25-n78, CA_n28-n74, CA_n48-n66, CA_n66-n78.


NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.





Table 6.X.1.5-2: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for NR CA, FR1
	NR Band / Channel bandwidth of the high band

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

	n28
	n74
	12
	25
	25
	25
	
	
	
	
	
	
	
	



[bookmark: _Toc31432]6.X.1.6	OOB blocking exception requirements
There is no OOB blocking exception requirement for CA_n28-n74.
[bookmark: _Toc21132][bookmark: _Toc3249]6.X.2	Specific for 2 bands UL CA
[bookmark: _Toc4277][bookmark: _Toc8754]6.X.2.1	Maximum output power for inter-band CA
Table 6.X.2.2-1: UE Power Class for uplink inter-band CA
	Uplink CA Configuration
	Class 3 (dBm)
	Tolerance (dB)	

	CA_n28A-n74A
	23
	+2/-32

	NOTE 2:	2 refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB



[bookmark: _Toc20557][bookmark: _Toc15794]6.X.2.2	UE co-existence studies
Table 6.X.2.1-1 lists Band n28 +Band n74 2UL bands CA, 2nd, 3rd, 4th and 5th order IMD for analysis. 
Table 6.X.2.2-1: Band n28 and Band n74 UL IMD products
	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequencies (MHz)
	703
	748
	1427
	1470

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limit (MHz)
	679
	767
	2130
	2218

	3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limit (MHz)
	64
	69
	2106
	2237

	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 limit (MHz)
	2833
	2966
	3557
	3688

	4th order IMD products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high –f1_low|

	IMD frequency limit (MHz)
	639
	817
	3533
	3707

	4th order IMD products
	|3*f1_low +f2_low|
	|3*f1_high + f2_high|
	|3*f2_low+f1_low|
	|3*f2_high +f1_high|

	IMD frequency limit (MHz)
	3536
	3714
	4984
	5158

	[bookmark: _Hlk62231801]4th order IMD products
	|2*f1_low –2*f2_high|
	|2*f1_high –2*f2_low|
	|2*f1_low +2*f2_low|
	|2*f1_high +2*f2_high|

	IMD frequency limit (MHz)
	1358
	1534
	4260
	4436

	5th order IMD products
	|f1_low –4*f2_high|
	|f1_high –4*f2_low|
	|f2_low –4*f1_high|
	|f2_high –4*f1_low|

	IMD frequency limit (MHz)
	4960
	5177
	1342
	1565

	5th order IMD products
	|f1_low +4*f2_low|
	|f1_high +4*f2_high|
	|f2_low+4*f1_low|
	|f2_high +4*f1_high|

	IMD frequency limit (MHz)
	6411
	6628
	4239
	4462

	5th order IMD products
	|2*f1_low –3*f2_high|
	|2*f1_high –3*f2_low|
	|2*f2_low -3*f1_high|
	|2*f2_high -3*f1_low|

	IMD frequency limit (MHz)
	2785
	3004
	610
	831

	5th order IMD products
	|2*f1_low +3*f2_low|
	|2*f1_high +3*f2_high|
	|2*f2_low+3*f1_low|
	|2*f2_high +3*f1_high|

	IMD frequency limit (MHz)
	5687
	5906
	4963
	5184



Based on above, 2nd,4th,5th IMD of n28 UL and n74 UL fall into n28 DL, and 4th,5th IMD of n28 UL and n74 UL fall into n74 DL.
Table 6.X.2.2-2 lists the protected bands required for the 2UL bands CA configuration.
Table 6.X.2.2-2: Protected bands for the 2UL bands CA configuration
	UL NR CA Configuration
	Spurious emission 

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

	CA_n28-n74
	E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 20, 26, 31, 34, 38, 39, 40, 41
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 1
	FDL_low
	-
	FDL_high
	-50
	1
	2, 11, 15

	
	
E-UTRA Band 4, 42, 43, 52, 65, 66
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	470
	-
	694
	-42
	8
	4, 14

	
	Frequency range
	470
	-
	710
	-26.2
	6
	13

	
	Frequency range
	662
	-
	694
	-26.2
	6
	4

	
	Frequency range
	758
	-
	773
	-32
	1
	4

	
	Frequency range
	773
	-
	803
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3, 11

	
	Frequency range
	1400
	-
	1427
	-32
	27
	4, 20, 2

	
	Frequency range
	1475
	-
	1488
	-50
	1
	21, 2

	
	Frequency range
	1488
	-
	1518
	-50
	1
	4, 2

	NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x RBsize kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 3:	Applicable when co-existence with PHS system operating in 1884.5 - 1915.7 MHz.
NOTE 4:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.
NOTE 11:	Applicable when the assigned NR carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.
NOTE 13:	This requirement is applicable for 5 and 10 MHz NR channel bandwidth allocated within 718 - 728 MHz. For carriers of 10 MHz bandwidth, this requirement applies for an uplink transmission bandwidth less than or equal to 30 RB with RBstart > 1 and Rbstart < 48.
NOTE 14:	This requirement is applicable in the case of a 10 MHz NR carrier confined within 703 MHz and 733 MHz, otherwise the requirement of -25 dBm with a measurement bandwidth of 8 MHz applies.
NOTE 15:	As exceptions, measurements with a level up to the applicable requirement of -36 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 3rd harmonic totally or partially overlaps the measurement bandwidth (MBW).
NOTE 20:	Applicable for cases and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1427 MHz + the channel BW assigned for 5 and 10 MHz bandwidth, and when the lower edge of the assigned NR UL channel bandwidth frequency is greater than or equal to 1440 MHz for 15 and 20 MHz bandwidth.
NOTE 21:	Applicable for 5 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1467 MHz assigned for 10 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth frequency is less than or equal to 1463.8 MHz for 15 MHz bandwidth, and when the upper edge of the assigned NR UL channel bandwidth



[bookmark: _Toc23484][bookmark: _Toc2328]6.X.2.3	REFSENS requirements
[bookmark: OLE_LINK17]Based on Table 6.X.2.2-1, MSD due to IMD is specified below:

Table 6.X.2.3-1: 2DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations for PC3 CA
	Operating band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	CA
Configuration
	Operating band
	UL Fc
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n28A-n74A
	n28
	705.5
	5
	25
	760.5
	24.6
	FDD
	IMD2

	
	n74
	1466
	5
	25
	1514
	N/A
	FDD
	N/A

	
	n28
	743
	5
	25
	798
	11.3
	FDD
	IMD4X

	
	n74
	1431
	5
	25
	1479
	N/A
	FDD
	N/A

	
	n28
	709
	5
	25
	764
	N/A
	FDD
	N/A

	
	n74
	1466
	5
	25
	1514
	14.6
	FDD
	IMD4

	
	n28
	735.5
	5
	25
	790.5
	N/A
	FDD
	N/A

	
	n74
	1450.4
	5
	25
	1498.4
	2.5
	FDD
	IMD5

	NOTE X:	This band is subject to IMD5 also which MSD is not specified.



---End of changes---
Reference
[1]	RP-210495, “Rel-17 NR Inter-band Carrier Aggregation/Dual Connectivity for 2 bands DL with x bands UL (x=1,2)”, ZTE Corporation
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