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1	Introduction
In the latest RAN Plenary, some new CA band are included to support PC3 NR DC on LTE xbands DL/1UL(x=1,2,3,4) and NR 2bands DL/1UL band combinations [1].
 Based on the self interference analysis results [2], we summary the remaining self-interference problems by dual uplink transmission for NR DC on LTE xbands DL/1UL(x=1,2,3,4) and NR 2bands DL/1UL band combinations as shown in Table 1.
Table 1: summary of the remaining self interference problems in NR DC onLTE xbands DL/1UL(x=1,2,3,4) and NR 2bands DL/1UL band combinations in Rel-17
	Downlink 
band configuration
	Uplink 
DC Configuration
	Harmonic
relation issues
	intermodulation to own rx  band 

	interference due to small frequency separation
	MSD

	DC_8_n28-n79
	DC_8A_n28A
	5th harmonic from B8 into n79
	5th IMD into n79
	-
	- Harmonic problem already covered in DC_8A_n79A
- FFS

	
	DC_8A_n79A
	
	5th IMD into n28
	-
	- FFS

	DC_7_n12-n77
	DC_7A_n12A
	-
	3rd & 4th IMDs into n77
	-
	- FFS

	DC_7_n71-n77
	DC_7A_n71A
	5th harmonic from n71 into n77
	3rd & 4th IMDs into n77
	-
	- Harmonic problem already covered in DC_71A_n77A
- FFS

	DC_5_n2-n41
	DC_5A_n2A
	3rd harmonic from B5 into n41
	2nd IMD into n41
	-
	- Harmonic problem already covered in DC_5A_n41A
- FFS

	DC_2-5_n2-n41
	DC_5A_n2A
	3rd harmonics from n2 into n41
	2nd IMD into n41
	
	- Harmonic issue already covered in DC_2_n41
- FFS

	DC_3_n28-n75
	DC_3A_n28A
	2nd harmonic from n28 into n75
	5th IMD into n75
	-
	- Harmonic issue already covered in DC_28_n75
- FFS



Based on the revised WID and above the self interference analysis results, we provided the expected the desense level in own Rx band for the new DC band combinations UE.  
2	MSD analysis

2.1 IMD problems by dual uplink DC
In this session, we analyze the required MSD values in the own Rx band by IMD product from dual uplink transmission. In table 2 and Table 3, we show the basic RF simulation assumptions.
Table 2: UE RF Front-end component parameters
	UE ref. architecture
Component
	Triplexer-Diplexer
Architecture w/ single ant. or dual ant.
	Cascaded Diplexer 
Architecture w/ single ant.

	
	DC_8A_n28A-n79A, DC_7A_n12A-n77A,  DC_7A_n71A-n77A
	DC_5A_n2A-n41A, DC_2A-5A_n2A-n41A, DC_3A_n28A-n75A

	
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Ant. Switch
	112
	68
	55
	55
	112
	68
	55
	55

	Triplexer
	110
	72
	55
	52
	
	
	
	

	Quadplexer
	
	
	
	
	112
	72
	55
	52

	Diplexer
	115
	87
	55
	55
	115
	87
	55
	55

	Duplexer
	100
	75
	55
	53
	100
	75
	55
	53

	PA Forward
	28.0
	32
	30
	28
	28.0
	32
	30
	28

	PA Reversed
	40
	30.5
	30
	30
	40
	30.5
	30
	30

	LNA
	10
	0
	0
	-10
	10
	0
	0
	-10



Table 3 show the isolation levels according to the RF component. 
Table 3: UE RF Front-end component isolation parameters
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)
	60
	PCB isolation (PA forward mixing)

	Triplexer
	20
	High/low band isolation

	Diplexer
	25
	High/low band isolation

	PA (out) to PA (out)
	60
	L-H/H-L cross-band

	PA (out) to PA (out)
	50
	H-H cross-band

	LNA (in) to PA (out)
	60
	L-H/H-L cross-band

	LNA (in) to PA (out)
	50
	H-H cross-band

	Duplexer
	50
	Tx band rejection at Rx band



Based on above assumptions and test configuration, we proposed the MSD levels as below.
Table 4: Proposed MSD test configuration and results by IMD problems for NR DC UE
	NR CA inter-bands
	UL DC
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW
(MHz)
	MSD 
(dB)

	DC_8A_n28A-n79A
	8
	IMD5
	|fn28 +4*fB8|
	912.5
	5
	25
	957.5
	5
	N/A

	
	n28
	
	
	745.5
	5
	25
	800.5
	5
	

	
	n79
	
	
	4420
	40
	216
	4420
	40
	0.0

	
	8
	IMD5
	|fn79 -4*fB8|
	905
	5
	25
	950
	5
	N/A

	
	n79
	
	
	4420
	40
	216
	4420
	40
	

	
	n28
	
	
	745
	5
	25
	800
	5
	3.9

	DC_7A_n12A-n77A
	B7
	IMD3
	|2*fn12 +fB7|
	2520
	10
	50
	2640
	10
	N/A

	
	n12
	
	
	708
	5
	25
	738
	5
	

	
	n77
	
	
	3936
	10
	50
	3936
	10
	15.2

	DC_7A_n71A-n77A
	B7
	IMD3
	|2*fn71 +fB7|
	2520
	10
	50
	2640
	10
	N/A

	
	n71
	
	
	693
	5
	25
	647
	5
	

	
	n77
	
	
	3906
	10
	50
	3906
	10
	15.2

	DC_5A_n2A-n41A or
DC_2A-5A_n2A-n41A
	B5
	IMD2
	|fB5 +fn2|
	829
	5
	25
	874
	5
	N/A

	
	n2
	
	
	1855
	5
	25
	1935
	5
	

	
	n41
	
	
	2684
	5
	25
	2684
	5
	29.7

	DC_3A_n28A-n75A
	B3
	IMD5
	|3*fn28 -2*fB3|
	1780
	5
	25
	1875
	5
	N/A

	
	n28
	
	
	708
	5
	25
	763
	5
	

	
	n75
	
	
	-
	-
	-
	1436
	5
	3.3



3	Conclusion
Above simulation results, we recommend to merged the other interested companies’ simulation results as average manner to derive MSD levels and propose as follow
Proposal 1: For IMD problem by dual uplink transmission of PC3 NR DC on LTE xbands DL/1UL(x=1,2,3,4) and NR 2bands DL/1UL band combinations, the proposed MSD values in Table 4 shall be considered in TS38.101-3.

4	Proposed text for TR37.717-11-21: 
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[bookmark: _Toc81302726][bookmark: _Toc81480764]6.130	DC_8_n28-n79
[bookmark: _Toc81302727][bookmark: _Toc81480765]6.130.1	Operating bands for DC
Table 6.130.1-1: DC band combination of LTE 1DL/1UL + inter-band NR 2DL/1UL
	E-UTRA and NR DC Band combination
	E-UTRA and NR DC 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
	

	DC_8_n28-n79
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

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

	
	n79
	4400 MHz
	–
	5000 MHz
	4400 MHz
	–
	5000 MHz
	TDD



[bookmark: _Toc81302728][bookmark: _Toc81480766]6.130.2	Channel bandwidths per operating band for DC
Table 6.130.2-1: Supported bandwidths per DC LTE 1DL/1UL + inter-band NR 2DL/1UL
	DC operating / channel bandwidth

	E-UTRA and NR DC Configuration
	UL Configurations
	E-UTRA and NR Band
	Subcarrier Spacing
[kHz]
	5MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz
	Maximum aggregated bandwidth For DL
[MHz]

	DC_8A_n28A-n79A
	DC_8A_n28A
DC_8A_n79A
	8
	15
	Yes
	Yes
	
	
	
	
	
	
	
	
	
	
	
	140

	
	
	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	Yes
	
	
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	Yes
	
	
	
	
	
	
	
	

	
	
	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	
	
	
	

	
	
	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes
	

	
	
	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes
	




[bookmark: _Toc81302729][bookmark: _Toc81480767]6.130.3	Co-existence studies
Based on the co-existence studies of DC_8A-n28A and DC_8A-n79A, 5th order IMD generated by dual uplink of Band 8 + Band n28 may also fall into own Rx of band n79 and 5th order IMD generated by dual uplink of Band 8 + Band n79 may also fall into own Rx of band n28. 

[bookmark: _Toc81302730][bookmark: _Toc81480768]6.130.4	∆TIB and ∆RIB values
For DC_8_n28-n79, the TIB,c and RIB,c values are given in the tables below.
Table 6.130.4-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_8_n28-n79
	8
	0.6

	
	n28
	0.5

	
	n79
	0.8



Table 6.130.4-2: ΔRIB
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_8_n28-n79
	8
	0.2

	
	n28
	0.2

	
	n79
	0.5



[bookmark: _Toc81302731][bookmark: _Toc81480769]6.130.5	MSD
As mentioned in 6.130.3, IMD5 of B8 and n28 to Band n79 Rx and IMD5 of B8 and n79 to Band n28 Rx need to be addressed for REFSENS relaxation. The following values are proposed:
Table 5.1.x.5-1: Reference sensitivity exceptions due to dual uplink operation for EN-DC in NR FR1 (three bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	DC_8A_n28A-n79A
	8
	912.5TBD
	TBD5
	TBD25
	TBD957.5
	N/A
	FDD
	N/A

	
	n28
	745.5TBD
	TBD5
	TBD25
	TBD800.5
	N/A
	FDD
	N/A

	
	n79
	4420TBD
	TBD40
	TBD216
	TBD4420
	TBD0.0
	FDD
	IMD5

	DC_8A_n28A-n79A
	8
	905TBD
	TBD5
	TBD25
	TBD950
	N/A
	FDD
	N/A

	
	n79
	4420TBD
	TBD40
	TBD216
	TBD4420
	N/A
	TDD
	N/A

	
	n28
	745TBD
	TBD5
	TBD25
	TBD800
	TBD3.9
	FDD
	IMD5



[Unchanged Parts Skipped]

6.W	DC_7_n12-n77

6.W.5	MSD
Based on Table 5.3-1 in TR 37.717-11-21, there are IMD3 produced by Band 7 and NR band n12 that impact the reference sensitivity of NR band n77. Also IMD4 product impacted to the n77. But the MSD by IMD4 is not specified.
The required MSD level and test configuration are shown in the following Table.

Table 6.W.5-1: Reference sensitivity exceptions for Scell due to dual uplink operation for DC in NR FR1 (three bands)
	NR CA inter-bands
	UL DC
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW
(MHz)
	MSD 
(dB)

	DC_7A_n12A-n77A
	B7
	IMD3
	|2*fn12 +fB7|
	2520
	10
	50
	2640
	10
	N/A

	
	n12
	
	
	708
	5
	25
	738
	5
	

	
	n77
	
	
	3936
	10
	50
	3936
	10
	15.2



6.X	DC_7_n71-n77

6.X.5	MSD
Based on Table 5.3-1 in TR 37.717-11-21, there are IMD3 produced by Band 7 and NR band n71 that impact the reference sensitivity of NR band n77. Also IMD4 product impacted to the n77. But the MSD by IMD4 is not specified.
The required MSD level and test configuration are shown in the following Table.

Table 6.X.5-1: Reference sensitivity exceptions for Scell due to dual uplink operation for DC in NR FR1 (three bands)
	NR CA inter-bands
	UL DC
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW
(MHz)
	MSD 
(dB)

	DC_7A_n71A-n77A
	B7
	IMD3
	|2*fn71 +fB7|
	2520
	10
	50
	2640
	10
	N/A

	
	n71
	
	
	693
	5
	25
	647
	5
	

	
	n77
	
	
	3906
	10
	50
	3906
	10
	15.2



6.Y	DC_5_n2-n41

6.Y.5	MSD
Based on Table 5.3-1 in TR 37.717-11-21, there is IMD2 produced by Band 5 and NR band n2 that impact the reference sensitivity of NR band n41.
The required MSD levels and test configuration are shown in the following Table.
Table 6.Y.5-1: Reference sensitivity exceptions for Scell due to dual uplink operation for DC in NR FR1 (three bands)
	NR CA inter-bands
	UL DC
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW
(MHz)
	MSD 
(dB)

	DC_5A_n2A-n41A
	B5
	IMD2
	|fB5 +fn2|
	829
	5
	25
	874
	5
	N/A

	
	n2
	
	
	1855
	5
	25
	1935
	5
	

	
	n41
	
	
	2684
	5
	25
	2684
	5
	29.7



6.Z	DC_3_n28-n75

6.Z.5	MSD
Based on Table 5.3-1 in TR 37.717-11-21, there is IMD5 produced by Band 3 and NR band n28 that impact the reference sensitivity of NR band n75.
The required MSD levels and test configuration are shown in the following Table.
Table 6.Z.5-1: Reference sensitivity exceptions for Scell due to dual uplink operation for DC in NR FR1 (three bands)
	NR CA inter-bands
	UL DC
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW
(MHz)
	MSD 
(dB)

	DC_3A_n28A-n75A
	B3
	IMD5
	|3*fn28 -2*fB3|
	1780
	5
	25
	1875
	5
	N/A

	
	n28
	
	
	708
	5
	25
	763
	5
	

	
	n75
	
	
	-
	-
	-
	1436
	5
	3.3



[Unchanged Parts Skipped]

[bookmark: _Toc73366507][bookmark: _Toc81302933][bookmark: _Toc81480971]7.X	DC_2-5_n2-n41

7.X.5	MSD
Based on Table 5.3-1 in TR 37.717-11-21, there is IMD2 produced by Band 5 and NR band n2 that impact the reference sensitivity of NR band n41.
The required MSD levels and test configuration are shown in the following Table.
Table 7.X.5-1: Reference sensitivity exceptions for Scell due to dual uplink operation for DC in NR FR1 (three bands)
	NR CA inter-bands
	UL DC
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW
(MHz)
	MSD 
(dB)

	DC_2A-5A_n2A-n41A
	B5
	IMD2
	|fB5 +fn2|
	829
	5
	25
	874
	5
	N/A

	
	n2
	
	
	1855
	5
	25
	1935
	5
	

	
	n41
	
	
	2684
	5
	25
	2684
	5
	29.7
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