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1	Introduction
In the latest RAN Plenary, some new DC band are included to support PC2 DC band combinations in Rel-17 as follow [1].
Table 1: New PC2 DC band combinations in Rel-17
	EN-DC
configuration
	contact
name, company
	Contact email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	DC_1A_n78A
	Basaier Jialade,
China Unicom
	basejld@chinaunicom.cn
	China Unicom, Huawei, HiSilicon, ZTE, vivo
	Completed for PC3, Completed for PC2

	DC_8A_n78A
	Basaier Jialade,
China Unicom
	basejld@chinaunicom.cn
	China Unicom, Huawei, HiSilicon, ZTE, vivo, CHTTL
	Completed for PC3, Completed for PC2

	DC_2A_n41A
	Bill Shvodian, T-Mobile USA
	bill.shvodian@t-mobile.com
	Nokia, Ericsson, Deutsche Telekom
	Completed for PC3, New for PC2

	DC_66A_n41A.
	Bill Shvodian, T-Mobile USA
	bill.shvodian@t-mobile.com
	Nokia, Ericsson, Deutsche Telekom
	Completed for PC3, New for PC2

	DC_7A_n78A
	Donghyeon Kim, SK Telecom
	dhthomas.kim@sk.com
	Samsung, LGE, Nokia, CHTTL, Bell Mobility
	Completed for PC3, New for PC2

	DC_2A_n77A
	Zheng Zhao, Verizon
	zheng.zhao@verizonwireless.com
	Ericsson, Nokia, Samsung, Qualcomm
	Completed for PC3, New for PC2

	DC_5A_n77A
	Zheng Zhao, Verizon
	zheng.zhao@verizonwireless.com
	Ericsson, Nokia, Samsung, Qualcomm
	Completed for PC3, New for PC2

	DC_13A_n77A
	Zheng Zhao, Verizon
	zheng.zhao@verizonwireless.com
	Ericsson, Nokia, Samsung, Qualcomm
	Completed for PC3, New for PC2

	DC_66A_n77A
	Zheng Zhao, Verizon
	zheng.zhao@verizonwireless.com
	Ericsson, Nokia, Samsung, Qualcomm
	Completed for PC3, New for PC2



Based on the revised WID, we analyse the self interference problems for the new DC band combinations. 
2	Self interference analysis
In this session, we analyze the self interference problems to the own Rx bands as follow
	Downlink 
band configuration
	Uplink 
DC Configuration
	Harmonic
relation issues
	intermodulation to own rx  band 
	interference due to small frequency separation
	MSD

	DC_2_n41
	DC_2A-n41A
	No harmonic problem between two band
	- No IMD problem into B2
- No IMD problem into n41
	Need to define MSD for cross band isolation issue in Band 2
	0.6 dB MSD value for PC3 was defined.  need to define new MSD values for PC2

	DC_66_n41
	DC_66A_n41A
	No harmonic problem between two band
	- No IMD problem into B66
- 4th IMD fall into n41. But TDD band only allow Tx or Rx in the same time  No issue
	Need to define MSD for cross band isolation issue in Band 66
	3.5 dB MSD value for PC3 was defined.  need to define new MSD values for PC2

	DC_7_n78
	DC_7A_n78A
	No harmonic problem between two band
	- No IMD problem into B7
- 4th IMD fall into n78. But TDD band only allow Tx or Rx in the same time  No issue
	Need to define MSD for cross band isolation issue in Band 7
	4.5 dB MSD value for PC3 was defined.  need to define new MSD values for PC2

	DC_2_n77
	DC_2A_n77A
	2nd harmonic from B2 fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	- 2nd , 4th & 5th IMDs fall into B2
- 4th & 5th IMDs fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	No cross band isolation issues
	26.0dB/ 8.0dB MSD values by 2nd/ 4th IMD are specified for PC3 DC_2A_n78A UE.  need to define new MSD values for PC2 UE

	DC_5_n77
	DC_5A_n77A
	4th & 5th harmonics from B5 fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	- 4th & 5th IMDs fall into B5
- 2nd & 5th IMDs fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	No cross band isolation issues
	8.3 dB MSD value by 4th IMD is specified for PC3 DC_5A_n78A UE.  need to define new MSD values for PC2 UE

	DC_13_n77
	DC_13A_n77A
	5th harmonics from B13 fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	- 5th IMD fall into B13
- 2nd IMD fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	No cross band isolation issues
	There is no MSD requirements for PC3 DC_13A_n77A UE.  need to define new MSD values for PC2 UE

	DC_66_n77
	DC_66A_n77A
	2nd harmonic from B66 fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	- 2nd & 5th IMDs fall into B66. 
- 4th & 5th IMDs fall into n77. But TDD band only allow Tx or Rx in the same time  No issue
	No cross band isolation issues
	5.0 dB MSD value by 5th IMD is specified for PC3 DC_66A_n78A UE.  need to define new MSD values for PC2 UE



There are cross band isolation issues and IMD problems to the own Rx band when dual uplink is applied. Hence, RAN4 need to define the MSD requirmeents for PC2 DC (1 LTE FDD band + 1 NR TDD band) band combinations in Rel-17.
3. MSD proposal
3.1 Cross band isolation issues

Table 1 show the MSD requirements for cross band isolation issues for power class 3 DC UE with LTE 1 FDD band and NR 1 TDD band combinations in TS38.101-3.
Table 1: Reference sensitivity exceptions (MSD) due to cross band isolation for PC3 EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	70 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n13
	3
	[3]
	2.3
	2
	1.8
	
	
	
	
	
	
	
	
	

	n1
	40
	6.6
	6.6
	6.6
	6.6
	
	
	
	
	
	
	
	
	

	13
	n3
	3
	2.2
	1.9
	1.7
	1.6
	1.5
	[1.4]
	
	
	
	
	
	

	1
	n40
	6.6
	6.6
	6.6
	6.6
	6.6
	6.6
	6.6
	6.6
	6.6
	
	6.6
	
	

	1
	n41
	
	6.1
	6.1
	6.1
	
	[6.1]
	6.1
	6.1
	6.1
	
	6.1
	6.1
	6.1

	n3
	11
	6.4
	6.1
	
	
	
	
	
	
	
	
	
	
	

	3
	n41
	
	0.7
	0.7
	0.7
	
	[0.7]
	0.7
	0.7
	0.7
	
	0.7
	0.7
	0.7

	3
	n51
	6.4
	
	
	
	
	
	
	
	
	
	
	
	

	30
	n66
	8.3
	8.3
	8.3
	8.3
	[8.3]
	[8.3]
	8.3
	
	
	
	
	
	

	n3
	41
	0.7
	0.7
	0.7
	0.7
	
	
	
	
	
	
	
	
	

	n5
	28
	4.5
	3
	2.2
	0.3
	
	
	
	
	
	
	
	
	

	7
	n40
	3.7
	3.4
	3.2
	3.1
	[3.1]
	[3.1]
	3.1
	3.1
	3.1
	
	3.1
	
	

	n38
	1
	1.9
	1.9
	1.9
	1.9
	
	
	
	
	
	
	
	
	

	n38
	2
	0.6
	0.6
	0.6
	0.6
	
	
	
	
	
	
	
	
	

	n38
	4
	1.9
	1.9
	1.9
	1.9
	
	
	
	
	
	
	
	
	

	n38
	66
	1.9
	1.9
	1.9
	1.9
	
	
	
	
	
	
	
	
	

	n40
	1
	8.3
	8.3
	8.3
	8.3
	
	
	
	
	
	
	
	
	

	n41
	4
	3.5
	3.5
	3.5
	3.5
	
	
	
	
	
	
	
	
	

	40
	n1
	8.3
	8.3
	8.3
	8.3
	[8.3]
	[8.3]
	[8.3]
	[8.3]
	
	
	
	
	

	n40
	7
	3.7
	3.7
	3.7
	3.7
	
	
	
	
	
	
	
	
	

	n41
	1
	9.1
	9.1
	9.1
	9.1
	
	
	
	
	
	
	
	
	

	n41
	2
	0.6
	0.6
	0.6
	0.6
	
	
	
	
	
	
	
	
	

	n41
	3
	0.6
	0.6
	0.6
	0.6
	
	
	
	
	
	
	
	
	

	41
	n3
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	[0.6]
	
	
	
	
	
	

	n41
	661
	3.5
	3.5
	3.5
	3.5
	
	
	
	
	
	
	
	
	

	n41
	25
	0.6
	0.6
	0.6
	0.6
	
	
	
	
	
	
	
	
	

	n50
	3
	2.5
	1.9
	1.6
	1.5
	
	
	
	
	
	
	
	
	

	n77
	71
	4.5
	4.5
	4.5
	4.5
	
	
	
	
	
	
	
	
	

	n77
	411
	4.5
	4.5
	4.5
	4.5
	
	
	
	
	
	
	
	
	

	41
	n77
	
	8.3
	8.3
	8.3
	[7.3]
	[6.5]
	6.3
	5.3
	4.5
	[4.3]
	4.0
	3.9
	3.8

	n78
	71
	4.5
	4.5
	4.5
	4.5
	
	
	
	
	
	
	
	
	

	n78
	38
	3.3
	3.3
	3.3
	3.3
	
	
	
	
	
	
	
	
	

	n78
	411
	4.5
	4.5
	4.5
	4.5
	
	
	
	
	
	
	
	
	

	n78
	46
	
	
	
	7
	
	
	
	
	
	
	
	
	

	41
	n78
	
	8.3
	8.3
	8.3
	[7.3]
	[6.5]
	6.3
	5.3
	4.5
	[4.3]
	4.0
	3.9
	3.8

	n843
	3
	3
	2.3
	2
	1.8
	
	
	
	
	
	
	
	
	

	NOTE 1:	Applicable only when harmonic mixing MSD for this combination is not applied.
NOTE 2:	The B41 requirements are modified by -0.5dB when carrier frequency of the assigned E-UTRA channel bandwidth is within 2515 – 2690 MHz. 
NOTE 3:	These requirements apply when the uplink is active in Band n1, n84 and the separation between the lower edge of the uplink channel in Band n1, n84 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band n1, n84.
NOTE 4:	The DL victim band should be configured using the lowest SCS that is compatible with the highest CBW for which an MSD is specified.
NOTE 5:   MSD test point can be chosen according to supported BW and lowest SCS supported by the UE.



In here, RAN4 only allow 23dBm + 23dBm or 23 dBm +26 dBm power combinations per LTE or NR system for PC2 DC UE. And do not allow PC2 transmission per E-UTRA or NR cell group.
Based on the specified MSD value, we analyse the MSD value for the PC2 DC_2A_n41A, DC_66A_n41A and DC_7A_n78A UE with follow simulation assumptions in Table 2 when NR Transmission power is configured with 26dBm
Table 2.Simulation asummptions for MSD requirements 
[bookmark: OLE_LINK8]Table 2-1 Assumptions for DC_2A_n41A
	Band n41 PA noise @Band 2 Rx (dBm/Hz)
	-118

	RFIC IIP2 (dBm)
	50

	n41 front end filter Loss (dB)
	4

	B2 front end filter Loss (dB)
	4

	PA to antenna and LNA to antenna IL (dB)
	4

	B2/n41 diplexer isolation (dB)
	10

	n41 filter attenuation @ B2 RX (dB)
	30

	Cross-band isolation (dB)  (n41 Tx --> B2 Rx)
	44

	Rx Antenna isolation (dB)
	10



Table 2-2 Assumptions for DC_66A_n41A
	Band n41 PA noise @Band 66 Rx (dBm/Hz)
	-117

	RFIC IIP2 (dBm)
	50

	n41 front end filter Loss (dB)
	4

	B66 front end filter Loss (dB)
	4

	PA to antenna and LNA to antenna IL (dB)
	4

	B66/n41 diplexer isolation (dB)
	10

	n41 filter attenuation @ B66 RX (dB)
	30

	Cross-band isolation (dB)  (n41 Tx --> B66 Rx)
	42

	Rx Antenna isolation (dB)
	10



Table 2-3 Assumptions for DC_7A_n78A
	Band n78 PA noise @Band 7 Rx (dBm/Hz)
	-115

	RFIC IIP2 (dBm)
	50

	n78 front end filter Loss (dB)
	4

	B7 front end filter Loss (dB)
	4

	PA to antenna and LNA to antenna IL (dB)
	4

	B7/n78 diplexer isolation (dB)
	10

	n78 filter attenuation @ B7 RX (dB)
	30

	Cross-band isolation (dB)  (n78 Tx --> B7 Rx)
	40

	Rx Antenna isolation (dB)
	10



[bookmark: _GoBack]Base on the above assumptions, the MSD values are derived as shown in Table 3 by using MRC combining.
Table 3 MSD due to cross band isolation for PC2 for DC band combinations for case 2 (23dBm +26dBm)
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n41
	2
	2.3
	2.3
	2.3
	2.3
	
	
	
	
	
	
	
	

	n41
	66
	5.3
	5.3
	5.3
	5.3
	
	
	
	
	
	
	
	

	n78
	7
	6.5
	6.5
	6.5
	6.5
	
	
	
	
	
	
	
	



3.2 Inter-modulation problems by dual uplink
In this session, we analyze the required MSD values in the own Rx band by IMD product from dual uplink transmission. In table 4 and Table 5, we show the basic RF simulation assumptions.
Table 4: UE RF Front-end component parameters
	UE ref. architecture
Component
	Diplexer
Architecture w/ single ant.

	
	PC2 for DC_2A_n77A, DC_5A_n77A, DC_13A_n77A and DC_66A_n77A

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

	Ant. Switch
	112
	68
	55
	55

	Triplexer
	110
	72
	55
	52

	Diplexer
	115
	87
	55
	55

	Duplexer
	100
	75
	55
	53

	PA Forward
	28.0
	32
	30
	28

	PA Reversed
	40
	30.5
	30
	30

	LNA
	10
	0
	0
	-10



Table 5 show the isolation levels according to the RF component. 
Table 5: 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



The existing MSD levels in TS38.101-3 show in Table 6.
Table 6: MSD test requirements for PC3 EN-DC in NR FR1 (two bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

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

	DC_2A_n78A
DC_2A_n78(2A)
	2
	1855
	5
	25
	1935
	26
	IMD2

	
	
	
	
	
	
	28.74
	

	
	n78
	3790
	10
	50
	3790
	N/A
	N/A

	DC_2A_n78A
DC_2A_n78(2A)
	2
	1885
	5
	25
	1965
	8.0
	IMD4

	
	
	
	
	
	
	10.74
	

	
	n78
	3690
	10
	50
	3690
	N/A
	N/A

	DC_5A_n78A
DC_5A_n78(2A)
	5
	844
	5
	25
	889
	8.3
	IMD4

	
	n78
	3421
	10
	50
	3421
	N/A
	N/A

	DC_66A_n78A
	66
	1730
	5
	25
	2150
	5.0
	IMD5

	
	n78
	3660
	10
	50
	3660
	N/A
	N/A



Based on above assumptions and test configuration, we proposed the MSD levels as below.
Table 7: Proposed MSD test configuration and results by IMD problems for PC2 DC UE
	DC bands
	UL DC
	IMD
	UL Fc 
(MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc 
(MHz)
	DL BW (MHz)
	MSD 
(dB)

	DC_2A_n77A
	2
	IMD2
|fB2 -fn77|
	1855
	5
	25
	1935
	5
	32.6

	
	n77
	
	3790
	10
	50
	3790
	10
	N/A

	
	2
	IMD4
|3*fB2 -fn77|
	1885
	5
	25
	1965
	5
	17.5

	
	n77
	
	3690
	10
	50
	3690
	10
	N/A

	DC_5A_n77A
	5
	IMD4
|3*fB5 -fn77|
	844
	5
	25
	889
	5
	17.7

	
	n77
	
	3421
	10
	50
	3421
	10
	N/A

	DC_13A_n77A
	13
	IMD5
|4*fB13 -fn77|
	782
	5
	25
	751
	5
	11.3

	
	n77
	
	3879
	10
	50
	3879
	10
	N/A

	DC_66A_n77A
	66
	IMD2
|fB66 -fn77|
	1730
	5
	25
	2130
	5
	34.6

	
	n77
	
	3860
	10
	50
	3860
	10
	N/A

	
	66
	IMD5
|3*fB66 -2*fn77|
	1730
	5
	25
	2130
	5
	10.8

	
	n77
	
	3660
	10
	50
	3660
	10
	N/A



4	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 cross-band isolation issue of PC2 DC UE, the proposed MSD values in Table 3 shall be considered in TS38.101-3.
Proposal 2: For IMD problem by dual uplink transmission, the proposed MSD values in Table 7 shall be considered in TS38.101-3.
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