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1. Introduction

This contribution provides a text proposal for inter-band CA_n28A-n50A. It presents the text proposal ∆TIB, ∆RIB values and REFSENS requirements per operating band of CA_n28A-n50A. It is proposed to adopt this TP in TR 38.716-02-00.
2. Text proposal
< Start of change>
6.x
CA_n28_n50
6.x.1
Common for 1 band UL and 2 bands UL CA
6.x.1.1

Operating bands for CA

Table 6.x.1-1: DC band combination of bands n28+n50

	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

	n50
	1432 MHz
	–
	1517 MHz
	1432 MHz
	–
	1517 MHz
	TDD


6.x.1.2

Channel bandwidths per operating band for CA

Table 6.x.1.2-1: Supported bandwidths per CA band combination of bands n28+n50

	CA operating / channel bandwidth [MHz]

	NR CA Configuration
	UL Configuration
	NR Band
	SCS kHz
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	90
	100
	Bandwidth combination set

	CA_n28A-n50A
	CA_n28A-n50A
	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	n50
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	
	
	


6.x.1.3
Co-existence studies
Table 6.x.1.3 summarizes frequency ranges where harmonics occur for CA_n28-n50.
Table 6.x.1.3: Impact of UL/DL Harmonic 

	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	nth 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

	n28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	
	

	n50
	1432
	1517
	1432
	1517
	2864
	3034
	4296
	4551
	
	


Based on above table, there is a possible harmonic issue for the band combination of n28 and n50 in the band n50.
It can be seen that the 2nd harmonic interference from Band n28 UL will fall into Band n50 DL frequency range. HTF or other RF architecture should be considered to mitigate the impact of the self-interference for this combination.

6.x.1.4
∆TIB and ∆RIB values
For CA_n28_n50, the (TIB,c and (RIB,c values are given in the tables below.

Table 6.x.1.4-1: ΔTIB,c

	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	CA_n28_n50
	n28
	0.3

	
	n50
	0.4


Table 6.x.1.4-2: ΔRIB,c

	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	CA_n28_n50
	n28
	0

	
	n50
	0


6.x.1.5

REFSEN requirements
It may have 2nd, 3rd, 4th, 5th order IMDs when the UP of the band n28 and the UP of the band n50 is used in the same time without precaution. Thus, if the UL of the both bands are not used in the same time, all IMD issues are canceled, and there is no MSD issue for this DC configuration 
Table 6.x.5-1 lists the MSD required for the dual connectivity configuration CA_n28A_n50A.

Table 6.x.5-1: MSD due to IMD issue
	E-UTRA and NR Band / Channel bandwidth / NRB / Duplex mode / MSD / Single UL

	CA
Configuration
	EUTRA and NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order
	Single UL allowed

	CA_n,28A-n50A
	n28
	725.5
	20
	25
	765.5
	5
	FDD
	IMD 4, 5
	Yes

	
	n50
	1474.5
	60
	50
	1474.5
	5
	TDD
	IMD 4, 5
	


6.x.1.6
Self-interference analysis

This section provides the formulation to determine whether the DL carriers would be impacted by UL harmonics, 2UL inter-modulation products (IMD), or DL harmonic mixing with UL interferer based on UL and DL channel combinations. The potential self-interference mechanism has been identified in section 6.x.1.3 co-existence studies except for harmonic mixing which are used to generate an interference mixing coefficient table for this DC combination, as shown in Table 6.x.1.6-1.

Table 6.x.1.6-1: Band n28 and Band n50 interference mixing coefficients
	EUTRA-NR CA
Configuration
	NR
Band
	UL
Coefficient
	DL
Coefficient
	Harmonic/IMD
Order
	Victim
Band
	Interference
Type

	CA_n28A_n50A
	n28
	a
	-1
	b
	-1
	2
	n28
	IMD

	
	n50
	c
	1
	d
	0
	
	
	

	CA_n28A_n50A
	n28
	a
	3
	b
	-1
	4
	n28
	IMD

	
	n50
	c
	-1
	d
	0
	
	
	

	CA_n28A_n50A
	n28
	a
	-3
	b
	-1
	5
	n28
	IMD

	
	n50
	c
	2
	d
	0
	
	
	

	CA_n28A_n50A
	n28
	a
	2
	b
	0
	2
	n50
	Harmonic

	
	n50
	c
	0
	d
	-1
	
	
	


Equations (6.x.1.6.1) and (6.x.1.6.2) below are used to calculate the interference center frequency (fINT) and its effective bandwidth (BWINT) where coefficients a, b, c, and d are defined in Table 6.x.6-1 and CBW stands for channel bandwidth.
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Formula (6.x.1.6.3-1) and (6.x.6.3-2) below are then used to indicate when the interference is overlapping with RX1 and RX2, respectively.
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(6.x.6.3-1)
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(6.x.6.3-2)
6.x.2

Specific for 2 bands UL CA

6.x.2.1

UE co-existence studies

Table 6.x.2.1-1 lists Bands n28 +Band n50 2UL CA 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.x.2.1-1: Band n28 and Band n50 UL harmonic and IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	1432
	1517

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

	2nd harmonics frequency limits (MHz) 
	1406
	1496
	2864
	3034

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

	3rd harmonics frequency limits (MHz)
	2109
	2244
	4296
	4551

	UL
	f1_low
	f1_high
	f2_low
	f2_high

	 
	703
	748
	1432
	1517

	DL
	f1_low
	f1_high
	f2_low
	f2_high

	 
	758
	803
	1432
	1517

	Two tone 2nd order IMD products
	(fx_low – fy_high)
	(fx_high – fy_low)
	(fx_low + fy_low)
	(fx_high + fy_high)

	IMD frequency limits (MHz)
	684
	814
	2135
	2265

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	(2*fx_low – fy_high)
	(2*fx_high – fy_low)

	IMD frequency limits (MHz)
	64
	111
	2116
	2331

	Two-tone 3rd order IMD products
	(2*fx_low + fy_low)
	(2*fx_high + fy_high)
	(2*fx_low + fy_low)
	(2*fx_high + fy_high)

	IMD frequency limits (MHz)
	2838
	3013
	3567
	3782

	3rd order IMD products
	(fx_low – fy_high + fy_low)
	(fx_high + fy_high – fy_low)
	(fy_low – fx_high + fx_low)
	(fy_high + fx_high – fx_low)

	 
	618
	833
	1387
	1562

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	643
	808
	1412
	1537

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	(3*fy_low – fx_high)
	(3*fy_high – fx_low)

	IMD frequency limits (MHz)
	592
	812
	3548
	3848

	Two-tone 4th order IMD products
	(2*fy_low – 2*fx_high)
	(2*fy_high – 2*fx_low)
	 
	 

	IMD frequency limits (MHz)
	1368
	1628
	 
	 

	Two-tone 4th order IMD products
	(3*fx_low + fy_low)
	(3*fx_high + fy_high)
	(3*fy_low + fx_low )
	(3*fy_high +fx_high)

	IMD frequency limits (MHz)
	3541
	3761
	4999
	5299

	Two-tone 4th order IMD products
	(2*fx_low + 2*fy_low)
	(2*fx_high + 2*fy_high)
	 
	 

	IMD frequency limits (MHz)
	4270
	4530
	 
	 

	Two-tone 5th order IMD products
	(4*fy_low – fx_high)
	(4*fy_high – fx_low)
	|4*fx_low – fy_high|
	|4*fx_high – fy_low|

	IMD frequency limits (MHz)
	4980
	5365
	1295
	1560

	Two-tone 5th order IMD products
	(3* fy_low-2*fx_high )
	(3*fy_high-2*fx_low)
	|2*fy_low –3* fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	2800
	3145
	620
	925

	Two-tone 5th order IMD products
	(4*fy_low + fx_low )
	(4*fy_high +fx_high)
	(4*fx_low + fy_low)
	(4*fx_high + fy_high)

	IMD frequency limits (MHz)
	6431
	6816
	4244
	4509

	Two-tone 5th order IMD products
	(3*fy_low + 2*fx_low )
	(3*fy_high +2*fx_high)
	(3*fx_low +2* fy_low)
	(3*fx_high + 2*fy_high)

	IMD frequency limits (MHz)
	5702
	6047
	4973
	5278


Based on the table 6.x.2.1-1:
- The 2nd, 3rd, 4th and 5th order harmonic and 2nd, 3rd, 4th and 5th IMD products may also fall into Rx frequencies of band 28/n28 and 50/n50
- The 2nd, 3rd, 4th and 5th order harmonic and 2nd, 3rd, 4th and 5th IMD products may also fall into Rx frequencies of bands 1/n1,  4, 5/n5, 6, 10, 11, 13, 14, 17, 18, 19, 20/n20, 21, 22, 23, 24, 26, 27, 29, 32, 40/n40, 42, 43, 44, 45, 46, 51/n51, 65/n65, 66/n66, 67, 68, 71/n71, 74/n74, 75/n75, 76/n76, n77, n78, n79 an 85.
Tables below list the MSD required for the dual connectivity configuration due to IMD 2, 3, 4 and 5.

Table 6.x.2.1-2: Protected bands for the 2UL bands CA configuration
	E-UTRA and NR DC Configuration
	Spurious emission 

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

	CA_n28A_n50A 
	E-UTRA Band 1, 4, 10, 12, 13, 17,  22, 42, 43, 52, 65, 66, 73
NR Band n1, n65, n66, n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 1
	FDL_low
	-
	FDL_high
	-50
	1
	19, 25

	
	E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 25, 26, 27, 29, 31, 34, 38, 39, 40, 41, 48, 52, 67, 72, 85
NR Band n5, n40 n79
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	470
	-
	694
	-42
	8
	15, 35

	
	Frequency range
	470
	-
	710
	-26.2
	6
	34

	
	Frequency range
	662
	-
	694
	-26.2
	6
	15

	
	Frequency range
	758
	-
	773
	-32
	1
	15

	
	Frequency range
	773
	-
	803
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8, 19

	
	Frequency range
	1400
	
	1427
	-32
	27
	

	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 (2MHz + 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 8:
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.
NOTE 15:
These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 and Table 6.5.3.1-2 from the edge of the channel bandwidth.
NOTE 19:
Applicable when the assigned carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.
NOTE 25:
As exceptions, measurements with a level up to the applicable requirement of -36 dBm/MHz is permitted for each assigned 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 5.3.1-1) for which the 3rd harmonic totally or partially overlaps the measurement bandwidth (MBW).

NOTE 34:
This requirement is applicable for 5 and 10 MHz channel bandwidth allocated within 718-728MHz. 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 35:
This requirement is applicable in the case of a 10 MHz carrier confined within 703 MHz and 733 MHz, otherwise the requirement of -25 dBm with a measurement bandwidth of 8 MHz applies.



< End of change>
3. Conclusion
This paper discussed the required MSDs for CA_n28-n50. It is proposed to approve the text proposal.
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