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Introduction
In RAN#96e meeting, a WF [1] was approved with the following outcomes. 
1) UE RF architecture assumption
The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n28
2 antenna, 3 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.
2) CBW assumption
n5: 5, 10, 15, 20
n28: 5, 10, 15, 20, 25, 30
3) Feasibility issues need to be analysed
The following issues can be analyzed in the feasibility study.
o	The MSD due to cross band isolation
4) Other observations and proposals
The following proposal is agreed: No IMD for 2UL CA n5-n28
5) UL configuration
The CBW of UL configuration CA_n5-n28 is the same as the DL. The same RB allocation with single band REFSENS UL configuration is considered as the starting point.
We analyzed and summarized all the RF requirements for CA_n5-n28. In this paper, we provide the following text proposals to be captured into TR.
References
[1] R4-2214445, WF on study on FS_NR_700800900, CATT
Text proposal
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[bookmark: _Toc109913539]5.2	CA_n5-n28
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The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n28
2 antenna, 3 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.
5.2.2	Common for 1 band UL and 2 bands UL of CA_n5-n28
5.2.2.0	General
According to the current spec TS 38.101-1, DL CA_n5A-n28A_BCS0 has been specified. Thus, some of RF requirements can be reused as below. 
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Table 5.2.2.1-1:  CA band combination of band n5+n28
	[bookmark: OLE_LINK2]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
	

	n5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	



[bookmark: _Toc109047240]5.2.2.2	Channel bandwidths per operating band for CA
Referring to table 5.5A.3.1-1e of TS 38.101-1, DL_n5A-n28A_BCS0 has been specified as below.
Table 5.2.2.2-1: Supported bandwidths per CA band combination of band n5+n28
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n28A
	CA_n5A-n28A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 30
	



[bookmark: _Toc109047241]5.2.2.3	UE co-existence studies
Table 5.2.2.3-1/2 summarizes frequency ranges where harmonics and/or harmonics mixing occur for CA_n5-n28.
Table 5.2.2.3-1: Impact of UL/DL Harmonic 
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th 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
	UL Low Band Edge
	UL High Band Edge

	n5
	824
	849
	869
	894
	1648
	1698
	2472
	2547
	3296
	3396
	4120
	4245

	n28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	2812
	2992
	3515
	3740



Table 5.2.2.3-2: Impact of UL/DL Harmonic mixing
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th 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
	DL Low Band Edge
	DL High Band Edge

	n5
	824
	849
	869
	894
	1738
	1788
	2607
	2682
	3476
	3576
	4345
	4470

	n28
	703
	748
	758
	803
	1516
	1606
	2274
	2409
	3032
	3212
	3790
	4015



Based on the analysis above, tThere is no need to specify harmonics and harmonics mixing exception for CA_n5-n28 as we didn’t specify them in current spec.
[bookmark: _Toc109047242]5.2.2.4	∆TIB,c and ∆RIB,c values
For CA_n5-n28, the TIB,c and RIB,c values which has been specified in TS 38.101-1 are given in the tables below.
Table 5.2.2.4-1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5-n28
	n5
	0.5

	
	n28
	0.5



Table 5.2.2.4-2: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5-n28
	n5
	0

	
	n28
	0


[bookmark: _Toc109047243]5.2.2.5	REFSENS requirements
FFS
As CA_n5-n28 has been specified into current spec TS 38.101-1, there is no harmonics and harmonics mixing exception. 
Referring to DC_28_n5 and the requirements specified in clause 7.3B.2.3.4 from TS 38.101-3, the REFSENS exception due to cross band isolation for CA_n5-n28 can be specified as below.
Table 5.2.2.5-1: Reference sensitivity exceptions (MSD) and uplink/downlink configurations due to cross band isolation from a PC3 aggressor NR UL band for NR CA FR1
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	785.5
	5
	4.5
	>ACLR2

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	17.5
	ACLR2



The following terminology is used to define the source of cross-band isolation interference: 
· “ACLR1” indicates that the first adjacent channel of the aggressor UL band falls into the Rx channel of victim band.
· “ACLR2” indicates that the second adjacent channel of the aggressor UL band falls into the Rx channel of victim band. 
· “>ACLR2” indicates that neither the first, nor the second adjacent channel of the aggressor UL band falls into the Rx channel of victim band.
[bookmark: _Toc109047245]5.2.3	Specific for 2 bands UL of fallback CA_n5-n28
[bookmark: _Toc109047246]5.2.3.1	Maximum output power for inter-band CA
Power class 3 is assumed for UL CA_n5-n28.
Table 5.2.3.1-1: UE Power Class for uplink inter-band CA
	Uplink CA Configuration
	Class 3 (dBm)
	Tolerance (dB)	

	CA_n5A-n28A
	23
	+2/-3



[bookmark: _Toc109047247]5.2.3.2	UE co-existence studies
Table 5.2.3.2-1 lists Band n5 + Band n28 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.2.3.2-1: Band n5 and Band n28 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	869
	703
	748

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

	IMD frequency limits (MHz)
	166
	76
	1527
	1617

	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)
	900
	1035
	537
	672

	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)
	2351
	2486
	2230
	2365

	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)
	1724
	1904
	1240
	1420

	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)
	3175
	3355
	2933
	3113

	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)
	152
	332
	3054
	3234

	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)
	2168
	1943
	2773
	2548

	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)
	596
	371
	1201
	976

	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)
	3636
	3861
	3999
	4224

	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)
	3757
	3982
	3878
	4103



[bookmark: OLE_LINK8]Based on Table 5.2.3.2-1, there is no IMD issue for CA_n5-n28.
Table 5.2.3.2-2 lists the protected bands required for the 2UL bands CA configuration.
Table 5.2.3.2-2: Protected bands for the 2UL bands CA configuration
	NR CA Configuration
	Spurious emission 

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

	CA_n5-n28
	E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 25, 26, 31, 34, 38, 40, 73
NR Band n79
	FDL_low
	-
	FDL_high
	-50
	
	

	
	E-UTRA Band 4, 41, 42, 43, 50, 51, 52, 65, 66, 74
NR Band n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	2

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

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	2, 11, 12

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3, 11

	
	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
	

	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 180kHz), 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 12:	As exceptions, measurements with a level up to the applicable requirement of -38 dBm/MHz is permitted for each assigned NR carrier used in the measurement due to 2nd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.3.1-1) for which the 2nd harmonic totally or partially overlaps the measurement bandwidth (MBW).
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).




[bookmark: _Toc109047248]5.2.3.3	REFSENS requirements
FFSThere is no need to specify REFSENS exception due to IMD interference for CA_n5-n28.
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