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1	Introduction
This TP was partially accepted through [1] and this is an addition to TR 38.718-02-01 to add band n1 and contiguous intra-band carrier aggregation in uplink band n102. 
This TP is dependent on fallback also submitted for same meeting in R4-2320035
************************************* Start of TP*****************************************
5.32		CA_n1-n102
5.32.1	Common for 1 band UL and 2 bands UL CA
5.32.1.1 Operating bands for CA
Table 5.32.1.1-1: CA band combination of band n1+n102
	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
	

	n1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

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


5.32.1.2	Channel bandwidths per operating band for CA
Table 5.32.1.2-1: Supported bandwidths per CA band combination of band n1+n102 
	CA operating/channel bandwidth [MHz]

	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n1A-n102A
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	20, 40, 60, 80, 100
	

	CA_n1A-n102(2A)
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102(2A)_BCS0
	

	CA_n1A-n102B
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	CA_n1A-n102B
	n102
	CA_n102B_BCS0
	

	CA_n1A-n102C
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	CA_n1A-n102C
	n102
	CA_n102C_BCS0
	

	CA_n1A-n102D
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102D_BCS0
	

	CA_n1A-n102E
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102E_BCS0
	



5.32.1.3	Co-existence studies
Table 5.32.1.3-1/2 summarizes frequency ranges where UL harmonics and/or harmonic mixing occur for CA_n1-n102.
Table 5.32.1.3-1: 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

	n1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	7680
	7920
	9600
	9900

	n102
	5925
	6425
	5925
	6425
	11850
	12850
	17775
	19275
	23700
	25700
	29625
	32125



Based on above table, the 3rd UL harmonic of n1 falls inside the n102 RX band. Highest channel of n1 with 5MHz BW results in a 3rd order UL harmonic at 5932.5MHz, which will collide with 7.5MHp overlap of the lowest 20MHz channel allocation of n102 centered at 5935MHz.

Table 5.32.1.3-2: 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

	n1
	1920
	1980
	2110
	2170
	4220
	4340
	6330
	6510
	8440
	8680
	10550
	10850

	n102
	5925
	6425
	5925
	6425
	11850
	12850
	17775
	19275
	23700
	25700
	29625
	32125



Based on above table, the UL n102 falls inside the 3rd order harmonic of n1 RX band (n102 – n1 UL1/DL3). Since CA_n1-n102 is defined with UL CA as well the harmonic mixing case above may occur in the UL CA case, but not the single UL case, since n1 will have the PCell in the 1 UL scenario.
5.32.1.4	∆TIB and ∆RIB values
For CA_n1-n102, the TIB,c is based on CA_n1-n77 having n77 as the highest frequency range among similar CA’s. For CA_n1-n102, the RIB values are also based on CA_n1-n77
Table 5.32.1.4-1: 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

	CA_n1-n102
	0.6
	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 5.32.1.4-2: 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

	CA_n1-n102
	0.2
	0.5

	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.


5.32.1.5	REFSENs requirements
Based on the co-existence studies there are 3rd uplink harmonic from band n1 UL that partially falls inside band n102 DL at lowest channel allocation. Since this is a share spectrum access band we apply an exclusion region to mitigate this issue.
Table 7.3A.4-1a: NR-U reference sensitivity measurement exclusion region in MHz.
	NR Band / Harmonic order / Channel BW in UL

	UL
Band
	Harmonic order
	DL
Band
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40MHz
	50 MHz

	n1
	3
	n102
	+/- 10
	+/- 20
	+/- 30
	+/- 40
	+/- 50
	+/- 60
	+/- 80
	+/- 100

	NOTE 1:	Even though UL harmonic does not fall directly into NR-U band the exclusion region still applies.
NOTE 2:	The center of the exclusion region is obtained by multiplying the UL channel center frequency by the harmonic order.



Based on the co-existence studies there are 3rd harmonic mixing between band n102 UL1 into band n1 DL3. Similar UL1/DL3 cases show in the range of 20dB of relaxation for the larger UL BW case. Since n102 doesn’t support less than 20MHz UL BW we define only this test point. It is expected that n1 and n102 don’t share antenna, which is not the case for other UL1/DL3 cases. So, we assume higher attenuation of the aggressor and therefore use the minimum value of previous UL1/DL3 cases.
Table 5.32.1.5-2: Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n102
	n1
	20
	15
	100 (RBstart=0)
	5
	13.5
	NOTE 4
	UL1/DL3

	

NOTE 4: The requirements should be verified for UL NR-ARFCN of the aggressor (higher) band (superscript HB) such that  in MHz and  with [image: ] the carrier frequency in the victim (lower) band and [image: ] the channel bandwidth configured in the higher band.




5.32.1.6	OOB blocking exception requirements
Exceptions added for CA_n1-n102
Table 5.32.1.6-1: CA band combination with exceptions allowed
	CA band combination

	CA_n1-n102



5.32.2		Specific for 2 bands UL CA
5.32.2.1	Maximum output power for inter-band CA
Table 5.32.2.1-1: UE Power Class for uplink inter-band CA
	Uplink CA Configuration
	Class 3 (dBm)
	Tolerance (dB)	

	CA_n1A-n102A
	23
	+2/-3

	CA_n1A-n102B
	23
	+2/-3

	CA_n1A-n102C
	23
	+2/-3



5.32.2.2		UE co-existence
Table 5.32.2.2-1 gives IMD interference analysis for CA_ n1-n102 with uplink CA.
Table 5.32.2.2-1: IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL Frequency [MHz]
	1920
	1980
	5925
	6425

	DL Frequency [MHz]
	2110
	2170
	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)
	3945
	4505
	7845
	8405

	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)
	2585
	1965
	9870
	10930

	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)
	9765
	10385
	13770
	14830

	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)
	665
	15
	15795
	17355

	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)
	9010
	7890
	15690
	16810

	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)
	11685
	12365
	19695
	21255

	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)
	23780
	21720
	1995
	1255

	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)
	15435
	13815
	5910
	7090

	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)
	25620
	27680
	13605
	14345

	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)
	21615
	23235
	17610
	18790



Based on the table 5.32.2.2-1, the 3rd order intermodulation product fall inside the RX band of n1. 
Table 5.32.2.2-3 gives an IMD interference analysis for CA_n1-n102 with uplink CA for triple beat using the method of [2].
A triple beat study having n102C transmit in two 20MHz blocks with a 160MHz separation indicates IMD3.
Table 5.32.2.2-3: Triple beat IMD analysis of n102C
	CC location
	fU1L
	fU2L
	fU3L
	fU1H
	 
	Channel BW

	Frequency
	5925
	5965
	6085
	6425
	 
	20

	CC location
	fSCCL
	fSCCH
	fU2H
	fU3H
	 
	Min ch. separation

	Frequency
	1920
	1980
	6385
	6265
	 
	20

	1st order TB
	IfU3L -fU1L- fSCCL|
	IfU2L -fU1L + fSCCL|
	IfU2L -fU1L- fSCCH|
	IfU3L -fU1L + fSCCH|
	 
	Max ch. separation

	Ranges
	1760
	1960
	1940
	2140
	 
	160

	1st order TB
	IfU2L+fU1L-fSCCH|
	IfU1H+fU2H-fSCCL|
	IfU2L +fU1L+fSCCL|
	IfU1H +fU2H+fSCCH|
	 
	 

	Ranges
	9910
	10890
	13810
	14790
	 
	 



The uplink of n1A and n102C has 1st order triple beat falling inside n1 DL.
Since this is including a share spectrum access band there is no additional protected bands as compared to n1.

5.32.2.3		REFSENS requirements
Table 5.32.2.3-1 lists the MSD required due to the 3rd IMD product for the dual uplink configuration. The product that hits n1 DL is similar to that which hits in CA-n1-n3, which is also an IMD3 case. Looking at the architecture of the RFFE there would be an additional attenuation between the antennas due to increased frequency selectivity at the large spectral distance. We propose a 10dB improved relaxation to the MSD compared to the CA_n1-n3 case considering also the minimum UL CBW of n102.
As stated for figure 1 in [3] the MSD value is not eligible if the two UL inter-bands aren’t part of the same or adjacent band group. 

Table 5.32.2.3-1: MSD due to IMD issue
	Operating 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_n1-n102
 
	n1
	1977.5
	5
	25
	2167.5
	13
	FDD
	IMD3

	
	n102
	5935
	20
	100
	5935
	N/A
	TDD
	N/A


[bookmark: _Toc17826]
********************    Removed sections unaffected         *******************************

7.6	DC_n1-n102
[bookmark: _Toc1309]7.6.1	Configurations for DC_n1-n102
Table 7.6.1-1: Inter-band NR DC configurations
	NR DC
configuration
	Uplink NR DC
Configuration

	DC_n1A-n102A
	DC_n1A-n102A

	DC_n1A-n102B
	DC_n1A-n102B

	DC_n1A-n102C
	DC_n1A-n102C

	DC_n1A-n102D
	

	DC_n1A-n102E
	

	DC_n1A-n102(2A)
	DC_n1A-n102A



[bookmark: _Toc31530]7.6.2	Maximum output power for NR-DC
Table 7.6.2-1: UE Power Class for uplink inter-band DC
	Uplink CA Configuration
	Class 3 (dBm)
	Tolerance (dB)	

	DC_n1A-n102A
	23
	+2/-3

	DC_n1A-n102B
	23
	+2/-3

	DC_n1A-n102C
	23
	+2/-3



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