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[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: _Toc45888060][bookmark: _Toc45888659][bookmark: _Toc61367300][bookmark: _Toc61372683][bookmark: _Toc68230623][bookmark: _Toc69084036][bookmark: _Toc75467043][bookmark: _Toc76509065][bookmark: _Toc76718055][bookmark: _Toc83580365][bookmark: _Toc84404874][bookmark: _Toc84413483]<<Start of Change>>
[bookmark: _Toc129096985][bookmark: _Toc130385498][bookmark: _Toc130387291][bookmark: _Toc130388779]5.5.3	Common for 1 band UL and 2 bands UL of CA_ n28-n105
[bookmark: _Toc129096986][bookmark: _Toc130385499][bookmark: _Toc130387292][bookmark: _Toc130388780]5.5.3.0	General
This band combination is similar to CA_n71-n85 with the two UL bandwidths having no frequency gap between them. CA_n71-n85 is being specified for 1UL only as 2 UL showed significant MSD challenges.
[bookmark: _Toc129096987][bookmark: _Toc130385500][bookmark: _Toc130387293][bookmark: _Toc130388781]5.5.3.1	Operating bands for CA
Table 5.5.3.1-1: CA band combination of band n28+n105
	[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
	

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

	n105
	663 MHz
	–
	703 MHz
	612 MHz
	–
	652 MHz
	FDD



[bookmark: _Toc129096988][bookmark: _Toc130385501][bookmark: _Toc130387294][bookmark: _Toc130388782]5.5.3.2	Channel bandwidths per operating band for CA
Based on WF R4-2306470, it was agreed that only 1UL configuration will be supported, the 2UL issues will be described in section 5.5.4. Thus, BCS0 for CA_n28A-n105A can be specified as below.
Table 5.5.3.2-1: Supported bandwidths per CA band combination of band n28+n105
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n28A-n105A
	-
	n28
	5, 10, 15, 20, 25, 30
	0

	
	
	n105
	5, 10, 15, 20, 251, 301, 351
	

	NOTE 1:	These n105 channel bandwidths are valid in DL only



[bookmark: _Toc129096989][bookmark: _Toc130385502][bookmark: _Toc130387295][bookmark: _Toc130388783]5.5.3.3	UE co-existence studies
[bookmark: _Toc129096990][bookmark: _Toc130385503][bookmark: _Toc130387296][bookmark: _Toc130388784]Table 5.5.3.3-1/2 summarizes frequency ranges where UL harmonics and/or harmonic mixing occur for CA_n28-n105.
Table 5.5.3.3-1: Impact of UL/DL Harmonic 
	 
	 
	 
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	 
	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

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

	n105
	663
	703
	612
	652
	1326
	1406
	1989
	2109
	2652
	2812
	3315
	3515



Based on the above table, there is no UL harmonic issue for CA_n28-n105.
Table 5.5.3.3-2: 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

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

	n105
	663
	703
	612
	652
	1224
	1304
	1836
	1956
	2448
	2608
	3060
	3260



Based on the above table, there is no harmonic mixing issue for CA_n28-n105.
Since the two bands are very close, cross-band isolation may be an issue as shown in Figure 5.5.3.3-3 below, the Table 5.5.3.3-4 provides the analysis for the potential IMD order of the UL configuration and its image for the largest channel bandwidths.
[image: ]
Figure 5.5.3.3-3: IMD landscape for 1UL and 2UL configurations of CA_n28-n105
Table 5.5.3.3-4: Cross band isolation issues
	UL
Band
	UL Low Band Edge
	UL High Band Edge
	DL
Band
	DL Low Band Edge
	DL High Band Edge
	UL to DL distance
	Maximum UL BW
	Source of interference
(IMD order of UL RBs and their image)

	n28
	703
	748
	n105
	612
	652
	51
	30
	ACLR2 (IMD5)

	n105
	663
	703
	n28
	758
	803
	55
	20
	ACLR3 (IMD7)



As shown in the above table, the band n28 30MHz CBW UL ACLR2 overlaps with the band n105 DL while the band n105 20MHz CBW UL ACLR3 overlaps with band n28 DL. Both MSDs need to be evaluated.
5.5.3.4	∆TIB,c and ∆RIB,c values
For CA_n28-n105 the 2 antenna implementation should drive the TIB,c and RIB,c values, three companies provided input that is summarized in the two tbles below.
Table 5.5.3.4-1: ΔTIB,c due to NR CA (two bands)
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10
Proposed values by company A / B / C

	CA_n28-n105
	1.0 / 0.7 / 0.8
	1.0 / 0.7 / 0.8

	NOTE 9:	“-” denotes ΔTIB,c = 0.
NOTE 10:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3 the band order from left to right is n1 and n3.



Table 5.5.3.4-2: ΔRIB,c due to NR CA (two bands)
	Inter-band CA combination
	ΔRIB,c for NR bands (dB)8

	
	Component band in order of bands in configuration9
Proposed values by company A / B / C

	CA_n28-n105
	1.0 / 0.4 / 0.2
	1.0 / 0.4 / 0.2

	NOTE 8:	 “-” denotes ΔRIB,c = 0.
NOTE 9:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n77 the band order from left to right is n1 and n77.



[bookmark: _Toc129096991][bookmark: _Toc130385504][bookmark: _Toc130387297][bookmark: _Toc130388785]5.5.3.5	REFSENS evaluation
For CA_n28-n105, the 2 antennas implementation n28 and n105 MSDs related to cross band isolation described in Table 5.5.3.3-4 must be evaluated.
Three companies provided their evaluation for both cross band MSDs. 
For n28 MSD due to n105 UL, one company suggested that no MSD was needed while the two other companies’ input can be found in Table 5.5.3.5-1a and b respectively.
Table 5.5.3.5-1a n28 MSD due to cross band isolation for CA_n28-n105 with n105 UL (company A)
	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)
	

	n105
	n28
	693
	20
	15
	20 (RBstart=86)
	760.5
	5
	3.7
	>ACLR2


Table 5.5.3.5-1b n28 MSD due to cross band isolation for CA_n28-n105 with n105 UL (company B)
	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)
	

	n105
	n28
	693
	20
	15
	20 (RBstart=86)
	760.5
	5
	10.8
	>ACLR2



Similarly, for n105 MSD due to n28 UL, the three companies’ input can be found in Table 5.5.3.5-1a, b and c.
Table 5.5.3.5-2a n105 MSD due to cross band isolation for CA_n28-n105 with n28 UL (company A)
	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)
	

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	17
	ACLR2


Table 5.5.3.5-2b n105 MSD due to cross band isolation for CA_n28-n105 with n28 UL (company B)
	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)
	

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	12.7
	ACLR2


Table 5.5.3.5-2c n105 MSD due to cross band isolation for CA_n28-n105 with n28 UL (company C)
	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)
	

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	10.1
	ACLR2



[bookmark: _Toc129096992][bookmark: _Toc130385505][bookmark: _Toc130387298][bookmark: _Toc130388786]5.5.4	Specific for 2 bands UL of fallback CA_n28-n105
[bookmark: _Toc129096993][bookmark: _Toc130385506][bookmark: _Toc130387299][bookmark: _Toc130388787]5.5.4.1	Maximum output power for inter-band CA
Power class 3 was assumed for UL CA_n28-n105, but as discussed in the next clauses, it was decided that the two UL configuration will not be supported due to significant IMD3 MSD and potential co-existence issues with DTV channels. 
[bookmark: _Toc129096994][bookmark: _Toc130385507][bookmark: _Toc130387300][bookmark: _Toc130388788]5.5.4.2	UE co-existence studies
Table 5.5.4.2-1 lists Band n28 + Band n105 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.5.4.2-1 IMD interference analysis for CA_n28-n105 with 2 ULs
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	703
	703
	748

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

	2nd harmonics frequency limits (MHz) 
	1326
	1406
	1406
	1496

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

	3rd harmonics frequency limits (MHz)
	1989
	2109
	2109
	2244

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	2652
	2812
	2812
	2992

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	3315
	3515
	3515
	3740

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6* fy_low
	6* fy_high

	6th harmonics frequency limits (MHz)
	3978
	4218
	4218
	4488

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7* fy_low
	7* fy_high

	7th harmonics frequency limits (MHz)
	4641
	4921
	4921
	5236

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

	IMD frequency limits (MHz)
	85
	0
	1366
	1451

	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)
	578
	703
	703
	833

	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)
	2029
	2154
	2069
	2199

	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)
	170
	0
	2732
	2902

	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)
	1241
	1406
	1406
	1581

	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)
	2692
	2857
	2772
	2947

	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)
	2329
	2109
	2109
	1904

	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)
	3475
	3695
	3355
	3560

	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)
	918
	703
	703
	493

	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)
	3435
	3650
	3395
	3605



From the above table, it can be found that both n28 DL and n105 DL are subject to MSD due to dual-uplink IMD3 and IMD5 of 2UL CA_n28-n105 configuration. Furthermore, the DTV channels below 608 MHz are also victims of the CA_n28-n105 IMD3 and higher orders and thus the coexistence between UL CA_n28-n105 and DTV channels may be compromised.
[bookmark: _Toc129096995][bookmark: _Toc130385508][bookmark: _Toc130387301][bookmark: _Toc130388789]5.5.4.3	REFSENS evaluation
Based on the above IMD analysis, the IMD3 and IMD5 MSD test points in Table 5.5.4.2-1 were discussed. Some estimations of the IMD3 MSD ranged between 25 dB and 44dB depending on filters’ performance and antenna coupling assumptions. Based on this large MSD and the potential coexistence issue with DTV channels, it was agreed together with the band combination proponent, that 2UL configuration will not be supported. This agreement is captured in way forward R4-2306470.
Table 5.5.4.3-1 potential MSD test points due to IMD3 and IMD5 if 2UL configuration would be specified.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n28-n105
	n28
	745.5
	5
	25
	800.5
	2UL not specified
	FDD
	IMD3

	
	n105
	690.5
	5
	25
	639.5
	N/A
	FDD
	N/A

	
	n28
	745.5
	5
	25
	800.5
	N/A
	FDD
	IMD3

	
	n105
	694.5
	5
	25
	643.5
	2UL not specified
	FDD
	N/A

	
	n28
	715
	5
	25
	770
	2UL not specified
	FDD
	IMD5

	
	n105
	687.5
	5
	25
	636.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	IMD5

	
	n105
	690
	5
	25
	639
	2UL not specified
	FDD
	N/A



<<End of Change>>
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