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1	Introduction
This is a TP to TR 38.718-03-01 to add CA_n28A-n78(2A)-n102A with non-contiguous intra-band carrier aggregation in the uplink of n78(2A). The TP adds to R4-2310354 of RAN4#107. Note that the fallbacks that include the ULCA introduction covers the IMD analysis. This contribution captures explanations towards this analysis additionally.
************************************* Start of TP*****************************************
[bookmark: _Toc117459046][bookmark: _Toc117459047][bookmark: _Toc16729][bookmark: _Toc3788][bookmark: _Toc24942][bookmark: _Toc109047250]5.x	CA_n28-n78-n102
5.x.1	Common for 1 band UL and 2 bands UL CA
[bookmark: _Toc117459048]5.x.1.1	Operating bands for CA
Table 5.x.1.1-1: 3DL Inter-band CA operating bands
	NR CA Band
	NR Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_n28-n78-n102
	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

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

	
	n102
	5925 MHz
	–
	6425 MHz
	5925 MHz
	–
	6425 MHz
	TDD


[bookmark: _Toc117459049]5.x.1.2	Channel bandwidths per operating band for CA
Table 5.x.1.2-1: Supported bandwidths per CA band combination of band n28+n78+n102
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n28A-n78A-n102A
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
	n28
	5, 10, 15, 20
	0

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n102
	20, 40, 60, 80, 100
	

	CA_n28A-n78A-n102B
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
	n28
	5, 10, 15, 20
	0

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n102
	CA_n102B_BCS0
	

	CA_n28A-n78A-n102C
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
	n28
	5, 10, 15, 20
	0

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n102
	CA_n102C_BCS0
	

	CA_n28A-n78A-n102D
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
	n28
	5, 10, 15, 20
	0

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n102
	CA_n102D_BCS0
	

	CA_n28A-n78A-n102E
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
	n28
	5, 10, 15, 20
	0

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n102
	CA_n102E_BCS0
	

	CA_n28A-n78A-n102(2A)
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
	n28
	5, 10, 15, 20
	0

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n102
	CA_n102(2A)_BCS0
	

	CA_n28A-n78(2A)-n102A
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
CA_n78(2A)
	n28
	5, 10, 15, 20
	0

	
	
	n78
	CA_n78(2A)_BCS2
	

	
	
	n102
	20, 40, 60, 80, 100
	

	CA_n28A-n78(2A)-n102B
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
CA_n78(2A)
	n28
	5, 10, 15, 20
	0

	
	
	n78
	CA_n78(2A)_BCS2
	

	
	
	n102
	CA_n102B_BCS0
	

	CA_n28A-n78(2A)-n102C
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
CA_n78(2A)
	n28
	5, 10, 15, 20
	0

	
	
	n78
	CA_n78(2A)_BCS2
	

	
	
	n102
	CA_n102C_BCS0
	

	CA_n28A-n78(2A)-n102D
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
CA_n78(2A)
	n28
	5, 10, 15, 20
	0

	
	
	n78
	CA_n78(2A)_BCS2
	

	
	
	n102
	CA_n102D_BCS0
	

	CA_n28A-n78(2A)-n102E
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
CA_n78(2A)
	n28
	5, 10, 15, 20
	0

	
	
	n78
	CA_n78(2A)_BCS2
	

	
	
	n102
	CA_n102E_BCS0
	

	CA_n28A-n78(2A)-n102(2A)
	CA_n28A-n78A
CA_n28A-n102A
CA_n78A-n102A
CA_n78(2A)
	n28
	5, 10, 15, 20
	0

	
	
	n78
	CA_n78(2A)_BCS2
	

	
	
	n102
	CA_n102(2A)_BCS0
	



[bookmark: _Toc117459050]5.x.1.3	∆TIB,c and ∆RIB,c values
For CA_n28-n78-n102, the TIB,c and RIB,c values are taken from fallbacks
Table 5.x.1.3-1: ΔTIB,c due to NR CA (three bands)
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)8

	
	Component band in order of bands in configuration9

	CA_n28-n78-n102
	0.5
	1.5
	1.5

	NOTE 8:	“-” denotes ΔTIB,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-n3-n5 the band order from left to right is n1, n3 and n5.



Table 5.x.1.3-2: ΔRIB,c due to NR CA (three bands)
	Inter-band CA combination
	ΔRIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10

	CA_n28-n78-n102
	0.2
	0.5
	0.5

	NOTE 9:	 “-” denotes ΔRIB,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-n8 the band order from left to right is n1, n3 and n8.


[bookmark: _Toc117459051]5.x.2	Specific for 2 bands UL CA
[bookmark: _Toc117459052]5.x.2.1	UE co-existence studies
This is a 3-band combination, so uplink harmonic and harmonic mixing analysis is already done in the fallbacks. Only IMD for two uplink configurations is analysed.
Table 5.x.2.2-1 lists Band n28 + Band n78 2UL bands CA  2nd, 3rd, 4th and 5th order IMD for the UE coexistence analysis. 
Table 5.x.2.2-2 lists Band n28 + Band n102 2UL bands CA  2nd, 3rd, 4th and 5th order IMD for the UE coexistence analysis. 
Table 5.x.2.2-3 lists Band n78 + Band n102 2UL bands CA  2nd, 3rd, 4th and 5th order IMD for the UE coexistence analysis. 
Table 5.x.2.1-1: Band n28 and Band n78 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL Frequency [MHz]
	703
	748
	3300
	3800

	DL Frequency [MHz]
	758
	803
	3300
	3800

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

	IMD frequency limits (MHz)
	2552
	3097
	4003
	4548

	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)
	2394
	1804
	5852
	6897

	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)
	4706
	5296
	7303
	8348

	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)
	1691
	1056
	9152
	10697

	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)
	6194
	5104
	8006
	9096

	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)
	5409
	6044
	10603
	12148

	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)
	14497
	12452
	308
	988

	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)
	9994
	8404
	4356
	5491

	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)
	13903
	15948
	6112
	6792

	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)
	11306
	12896
	8709
	9844



Table 5.x.2.1-2: Band n28 and Band n102 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL Frequency [MHz]
	703
	748
	5925
	6425

	DL Frequency [MHz]
	758
	803
	5925
	6425

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

	IMD frequency limits (MHz)
	5177
	5722
	6628
	7173

	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)
	5019
	4429
	11102
	12147

	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)
	7331
	7921
	12553
	13598

	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)
	4316
	3681
	17027
	18572

	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)
	11444
	10354
	13256
	14346

	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)
	8034
	8669
	18478
	20023

	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)
	24997
	22952
	2933
	3613

	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)
	17869
	16279
	9606
	10741

	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)
	24403
	26448
	8737
	9417

	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)
	19181
	20771
	13959
	15094



Table 5.x.2.1-3: Band n78 and Band n102 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL Frequency [MHz]
	3300
	3800
	5925
	6425

	DL Frequency [MHz]
	3300
	3800
	5925
	6425

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

	IMD frequency limits (MHz)
	2125
	3125
	9225
	10225

	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)
	175
	1675
	8050
	9550

	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)
	12525
	14025
	15150
	16650

	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)
	3475
	5475
	13975
	15975

	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)
	6250
	4250
	18450
	20450

	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)
	15825
	17825
	21075
	23075

	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)
	22400
	19900
	9275
	6775

	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)
	12675
	10175
	450
	2950

	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)
	27000
	29500
	19125
	21625

	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)
	24375
	26875
	21750
	24250



Based on the tables above it can be seen that 
· n28 + n78 IMD3, IMD4 and IMD5 may affect Rx frequencies of band n102
· n28 + n102 IMD4 and IMD5 may affect Rx frequencies of band n78
· n78 + n102 IMD3 and IMD5 may affect Rx frequencies of band n28
The non-contiguous uplink IMD interference analysis has been completed in the fallbacks. For CA_n28A-n78(2A) with ULCA CA_n78(2A) the analysis was completed in R4-2220561 of RAN4#105 but missed in specification updates. The analysis was though based on CA_n28A-n77(2A) with ULCA CA_n77(2A), but the MSD values for the analysis may be used for n78 as well. The values are re-iterated below from R4-2220561, but with uplink frequencies that comply with CA_n28A_n78(2A) frequency ranges:
Table 7.3A.5-1: 2DL/2UL inter-band Reference sensitivity QPSK PREFSENS and uplink/downlink configurations for PC3 CA
	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-n78
	n28
	N/A
	5
	N/A
	780
	[8.6]
	FDD
	IMD4

	
	n7812
	3320
	10
	1 (RBstart=26)
	3320
	N/A
	TDD
	N/A

	
	
	3710
	10
	1 (RBstart=26)
	3710
	
	
	

	NOTE 12:	This band supports intra-band non-contiguous uplink configuration.



For the non-contiguous uplink IMD interference analysis of the fallback and CA_ n78(2a)-n102A with ULCA CA_n78(2A) the analysis was completed in R4-2310355 of RAN4#107.
[bookmark: _Toc117459053]5.x.2.2	REFSENS requirements
Based on the co-existence studies there are a need to define MSD values. MSD values from CA_n28-n46-n78 are reused, for IMD3 for n102 and n28. MSD values from CA_n41-n71-n78 MSD values from CA_n28-n46-n78 are reused, for IMD3 for n102 and n28. MSD values from CA_n41-n71-n78are reused, for IMD4 for n78. 

Table 5.x.2.2-1: 3DL/2UL inter-band Reference sensitivity QPSK PREFSENS and uplink/downlink configurations
	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-n78-n102
	n28
	710
	5
	25
	765
	N/A
	FDD
	N/A

	
	n78
	3380
	5
	25
	3380
	N/A
	TDD
	N/A

	
	n102
	6050
	40
	216
	6050
	22
	TDD
	IMD31,2

	
	n28
	730
	5
	25
	785
	N/A
	FDD
	N/A

	
	n78
	3755
	5
	25
	3755
	10.3
	TDD
	IMD41

	
	n102
	5945
	40
	216
	5945
	N/A
	TDD
	N/A

	
	n28
	720
	5
	25
	775
	16
	FDD
	IMD31,2

	
	n78
	3395
	5
	25
	3395
	N/A
	TDD
	N/A

	
	n102
	6015
	40
	216
	6015
	N/A
	TDD
	N/A

	NOTE 1:	This band is subject to IMD5 also which MSD is not specified.
NOTE 2:	This band is subject to IMD4 also which MSD is not 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-n78-n102
	n28
	710
	5
	25
	765
	N/A
	FDD
	N/A

	
	n78
	3380
	5
	25
	3380
	N/A
	TDD
	N/A

	
	n102
	6050
	40
	216
	6050
	22
	TDD
	IMD31,2

	
	n28
	730
	5
	25
	785
	N/A
	FDD
	N/A

	
	n78
	3755
	5
	25
	3755
	10.3
	TDD
	IMD41

	
	n102
	5945
	40
	216
	5945
	N/A
	TDD
	N/A

	
	n28
	720
	5
	25
	775
	16
	FDD
	IMD31,2

	
	n78
	3395
	5
	25
	3395
	N/A
	TDD
	N/A

	
	n102
	6015
	40
	216
	6015
	N/A
	TDD
	N/A

	NOTE 1:	This band is subject to IMD5 also which MSD is not specified.
NOTE 2:	This band is subject to IMD4 also which MSD is not specified.




[bookmark: _Toc6576]6.x	DC_n28-n78-n102
[bookmark: _Toc31037]6.x.1	Configurations for DC_n28-n78-n102
Table 6.x.1-1: Inter-band NR DC configurations
	NR DC
Configuration
	Uplink NR DC
configuration

	DC_n28A-n78A-n102A
DC_n28A-n78A-n102B
DC_n28A-n78A-n102C
DC_n28A-n78A-n102D
DC_n28A-n78A-n102E
	DC_n28A-n78A
DC_n28A-n102A
DC_n78A-n102A

	DC_n28A-n78(2A)-n102A
DC_n28A-n78(2A)-n102B
DC_n28A-n78(2A)-n102C
DC_n28A-n78(2A)-n102D
DC_n28A-n78(2A)-n102E
DC_n28A-n78A-n102(2A)
DC_n28A-n78(2A)-n102(2A)
	DC_n28A-n78A
DC_n28A-n102A
DC_n78A-n102A



************************************* End of TP*****************************************
