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Introduction
In RAN4#96, the issue was raised that larger new channel BW may cause more serious MSD due to the CIM3 and CIM5 interference [1]. More information about UL configuration can be brought into the table of MSD due to cross band isolation. However, RAN4 need to find out the general manner to derive the MSD. Some options were listed in the WF [2]. In this paper, we’d like to provide a solution to solve this problem.
Discussion on the UL configuration of MSD due to cross band isolation
Currently, uplink configuration for reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1 is listed below in Table 7.3B.2.3.4-2 from TS 38.101-3. We can find out some principles when a new channel bandwidth is introduced for a NR band. If the NR band is a DL band or victim band, the corresponding MSD value should be specified for the new channel bandwidth. If the NR band is a UL band or aggressive band, the UL configuration and MSD values need to be further considered.
Observation 1: If the NR band is a DL band or victim band, the corresponding MSD value should be specified for the new channel bandwidth. If the NR band is a UL band or aggressive band, the UL configuration and MSD values need to be further considered.
In addition, the Note 1 and Note 2 clarify the UL configuration, RB location and channel bandwidth. These two notes are listed below.
NOTE 1:	The UL configuration applies regardless of the channel bandwidth of the UL band. UL resource blocks allocation in the table shall be further limited to that specified in Table 7.3.1-2 in TS 36.101 [4] or Table 7.3.2-3 in TS 38.101-1 [2].
NOTE 2:	The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth. 
[bookmark: OLE_LINK45]It’s noted that the UL configuration applies regardless of the channel bandwidth of the UL band and the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth. However, UL RB allocation for some specific band combinations be only applicable for the parts of channel bandwidths. For example, only n78 100MHz can be used for DC_38_n78 270RB30kHz and the maximum channel bandwidth for n40 is 50MHz for DC_1_n40 100RB15kHz.
Observation 2: It’s noted that UL configuration applies regardless of the channel bandwidth of the UL band and the UL resource blocks shall be located as close as possible to the downlink operating band in Table 7.3B.2.3.4-2 from TS 38.101-3.
Observation 3: Even if UL configuration applies regardless of the channel bandwidth of the UL band, UL allocation such as SCS and LCRB may still restrict the channel bandwidth.
For 15 kHz SCS, 25RB can cover all kinds of channel bandwidth which is smaller or equal than 50MHz. For 30 kHz SCS, 24RB can cover channel bandwidth range from 10MHz to 100MHz. For DC_38_n78 270RB30kHz, the case can be considered as worst case that mean the remaining channel bandwidths can also meet the MSD requirements, if this case can pass the test. For sub-3GHz FDD/SUL bands and sub-2.3GHz TDD bands except for n50, the maximum channel bandwidth is 50MHz right now. For n41, n77, n78 and n79, it is mandatory to support 100MHz for UE. UL SCS of n40 and n50 can be considered case by case.
Table 7.3B.2.3.4-2: Uplink configuration for reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	E-UTRA or NR Band / SCS / Channel bandwidth of the affected DL band / UL RB allocation of the agressor band

	UL band
	DL band
	SCS of UL band (kHz)
	5 MHz
(LCRB)
	10 MHz
(LCRB)
	15 MHz
(LCRB)
	20 MHz
(LCRB)
	25 MHz
(LCRB)
	30 MHz
(LCRB)
	40 MHz
(LCRB)
	50 MHz
(LCRB)
	60 MHz
(LCRB)
	80 MHz
(LCRB)
	90 MHz
(LCRB)
	100 MHz
(LCRB)

	n1
	3
	15
	25
	25
	25
	25
	
	
	
	
	
	
	
	

	n1
	40
	15
	25
	50
	75
	100
	
	
	
	
	
	
	
	

	1
	n3
	15
	25
	25
	25
	25
	25
	25
	
	
	
	
	
	

	1
	n40
	15
	25
	50
	75
	100
	100
	100
	100
	100
	100
	100
	
	

	1
	n41
	15
	
	100
	100
	100
	
	
	100
	100
	100
	100
	100
	100

	n3
	11
	15
	25
	50
	
	
	
	
	
	
	
	
	
	

	3
	n41
	15
	
	50
	50
	50
	
	
	50
	50
	50
	50
	50
	50

	3
	n51
	15
	25
	
	
	
	
	
	
	
	
	
	
	

	30
	n66
	15
	25
	25
	25
	25
	
	
	25
	
	
	
	
	

	n3
	41
	15
	25
	502
	502
	502
	
	
	
	
	
	
	
	

	n5
	28
	15
	25
	25
	20
	20
	
	
	
	
	
	
	
	

	7
	n40
	15
	25
	50
	75
	75
	
	
	100
	100
	100
	100
	
	

	n38
	1
	15
	100
	100
	100
	100
	
	
	
	
	
	
	
	

	n38
	2
	15
	100
	100
	100
	100
	
	
	
	
	
	
	
	

	n38
	4
	15
	100
	100
	100
	100
	
	
	
	
	
	
	
	

	n38
	66
	15
	100
	100
	100
	100
	
	
	
	
	
	
	
	

	40
	n1
	15
	25
	50
	75
	100
	
	
	
	
	
	
	
	

	n40
	1
	15
	25
	50
	75
	100
	
	
	
	
	
	
	
	

	n40
	7
	30
	216
	216
	216
	216
	
	
	
	
	
	
	
	

	n41
	1
	30
	128
	128
	128
	128
	
	
	
	
	
	
	
	

	n41
	2
	30
	160
	160
	160
	160
	
	
	
	
	
	
	
	

	n41
	3
	30
	160
	160
	160
	160
	
	
	
	
	
	
	
	

	41
	n3
	15
	25
	50
	75
	100
	100
	100
	
	
	
	
	
	

	n41
	4
	30
	128
	128
	128
	128
	
	
	
	
	
	
	
	

	n41
	25
	30
	160
	160
	160
	160
	
	
	
	
	
	
	
	

	n41
	66
	30
	128
	128
	128
	128
	
	
	
	
	
	
	
	

	n50
	3
	30
	160
	160
	160
	160
	
	
	
	
	
	
	
	

	n77
	7
	30
	270
	270
	270
	270
	
	
	
	
	
	
	
	

	n77
	41
	30
	270
	270
	270
	270
	
	
	
	
	
	
	
	

	41
	n77
	15
	
	100
	100
	100
	
	
	100
	100
	100
	100
	100
	100

	n78
	7
	30
	270
	270
	270
	270
	
	
	
	
	
	
	
	

	n78
	38
	30
	270
	270
	270
	270
	
	
	
	
	
	
	
	

	n78
	41
	30
	270
	270
	270
	270
	
	
	
	
	
	
	
	

	n78
	46
	30
	
	
	
	270
	
	
	
	
	
	
	
	

	41
	n78
	15
	
	100
	100
	100
	
	
	100
	100
	100
	100
	100
	100

	n84
	3
	15
	25
	25
	25
	25
	
	
	
	
	
	
	
	

	NOTE 1:	The UL configuration applies regardless of the channel bandwidth of the UL band. UL resource blocks allocation in the table shall be further limited to that specified in Table 7.3.1-2 in TS 36.101 [4] or Table 7.3.2-3 in TS 38.101-1 [2].
NOTE 2:	The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth. 
NOTE 3:	When the maximum UL RB allocation “LCRB” value is less than the maximum transmission bandwidth configuration “NRB” defined in Table 5.3.2-1 in 38.101-1 [2] for the specified UL band SCS, the UL band should be configured using the lowest CBW that is compatible with the maximum specified LCRB value.



Proposal 1: 15kHz SCS can be used for sub-3GHz FDD bands and sub-2.3GHz TDD/SUL bands except for n50 when RAN4 derive the UL configuration of the MSD due to cross band isolation.
Proposal 2: 30kHz SCS can be used for n41, n77, n78 and n79 when RAN4 derive the UL configuration of the MSD due to cross band isolation.
Proposal 3: UL SCS for n40 and n50 can be considered case by case. 15kHz or 30kHz or Both 15kHz and 30kHz can be used for n40 and n50 when RAN4 derive the UL configuration of the MSD due to cross band isolation.
Currently, when RAN4 calculate the MSD due the cross band isolation, the aggressive band PA spurious emission at victim band Rx range should be considered firstly. 110dBm/Hz ~ 130dBm/Hz PA spurious emission is assumed depending on the Tx channel bandwidth and the distance between aggressive band and victim band. The contribution [3] shown the larger Tx channel bandwidth or LCRB may cause more serious MSD. Thus, we can conclude that the maximum RB allocation is the worst MSD case due to aggressive band PA spurious emission. But RAN4 can consider limit the RB allocation when deriving the UL configuration of the MSD due to cross band isolation.
[bookmark: OLE_LINK48]Observation 4: MSD due to aggressive band PA spurious emission depends on RB allocation regardless of the channel bandwidth. The maximum RB allocation is the worst case for aggressive band PA spurious emission. However, the RB allocation can be limited when deriving the UL configuration of the MSD due to cross band isolation.
[bookmark: OLE_LINK49]Discussion on MSD due to spurious emission vs CIM interference
In the contribution [4], the counter IM interference can be found due to the intermodulation between SSB and image as below. The less RBs are allocated for the aggressive band, the higher PSD of CIM can be generated. Meanwhile, frequency relation between aggressive band and victim band is very important.
[image: 1]
Figure 1 The counter IM interference between SSB and image
Observation 5: There is a difference between MSD due to spurious emission and CIM interference. The key factor for MSD due to CIM interference is whether the CIM interference falls into the DL channels. The minimum RB allocation is the worst case for CIM interference.
Proposal 4: It’s proposed that RAN4 create a new MSD exception due to CIM interference. The original MSD due to cross band isolation can focus on the aggressive band PA spurious emission.
The new MSD exception due to CIM interference can be shown below.
Table 1 Reference sensitivity exceptions (MSD) due to counter intermodulation interference for EN-DC in NR FR1
	UL band
	DL band
	SCS of UL band (kHz)
	LCRB of UL band
	Applicable UL BW(MHz)
	MSD value of DL band (dB)
	CIM order

	n1
	3
	15
	25
	≥ 25
	4.5
	CIM5

	n1
	3
	15
	25
	50
	17
	CIM3

	n40
	1
	30
	25
	≥ 70
	21.5
	CIM5

	NOTE 1:	For CIM3, the MSD exceptions are applicable to the case that CIM3 of UL band falls into the DL channels. (The frequency of CIM3 can be expressed as , where  is the centre frequency of UL channel and  is the allocated transmission frequency of UL band). 
NOTE 2:	For CIM5, the MSD exceptions are applicable to the case that CIM5 of UL band falls into the DL channels. (The frequency of CIM5 can be expressed as , where  is the centre frequency of UL channel and  is the allocated transmission frequency of UL band).



Proposal 5: It’s proposed that Reference sensitivity exceptions (MSD) due to counter intermodulation interference for EN-DC in NR FR1 can be specified as table 1.
Conclusion
Based on the analysis above, we present our proposal and observation as below.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Observation 1: If the NR band is a DL band or victim band, the corresponding MSD value should be specified for the new channel bandwidth. If the NR band is a UL band or aggressive band, the UL configuration and MSD values need to be further considered.
Observation 2: It’s noted that UL configuration applies regardless of the channel bandwidth of the UL band and the UL resource blocks shall be located as close as possible to the downlink operating band in Table 7.3B.2.3.4-2 from TS 38.101-3.
[bookmark: OLE_LINK52]Observation 3: Even if UL configuration applies regardless of the channel bandwidth of the UL band, UL allocation such as SCS and LCRB may still restrict the channel bandwidth.
Proposal 1: 15kHz SCS can be used for sub-3GHz FDD bands and sub-2.3GHz TDD/SUL bands except for n50 when RAN4 derive the UL configuration of the MSD due to cross band isolation.
Proposal 2: 30kHz SCS can be used for n41, n77, n78 and n79 when RAN4 derive the UL configuration of the MSD due to cross band isolation.
Proposal 3: UL SCS for n40 and n50 can be considered case by case. 15kHz or 30kHz or Both 15kHz and 30kHz can be used for n40 and n50 when RAN4 derive the UL configuration of the MSD due to cross band isolation.
Observation 4: MSD due to aggressive band PA spurious emission depends on RB allocation regardless of the channel bandwidth. The maximum RB allocation is the worst case for aggressive band PA spurious emission. However, the RB allocation can be limited when deriving the UL configuration of the MSD due to cross band isolation.
Observation 5: There is a difference between MSD due to spurious emission and CIM interference. The key factor for MSD due to CIM interference is whether the CIM interference falls into the DL channels. The minimum RB allocation is the worst case for CIM interference.
Proposal 4: It’s proposed that RAN4 create a new MSD exception due to CIM interference. The original MSD due to cross band isolation can focus on the aggressive band PA spurious emission.
Proposal 5: It’s proposed that Reference sensitivity exceptions (MSD) due to counter intermodulation interference for EN-DC in NR FR1 can be specified as table 1.
Table 1 Reference sensitivity exceptions (MSD) due to counter intermodulation interference for EN-DC in NR FR1
	UL band
	DL band
	SCS of UL band (kHz)
	LCRB of UL band
	Applicable UL BW(MHz)
	MSD value of DL band (dB)
	CIM order

	n1
	3
	15
	25
	≥ 25
	4.5
	CIM5

	n1
	3
	15
	25
	50
	17
	CIM3

	n40
	1
	30
	25
	≥ 70
	21.5
	CIM5

	NOTE 1:	For CIM3, the MSD exceptions are applicable to the case that CIM3 of UL band falls into the DL channels. (The frequency of CIM3 can be expressed as , where  is the frequency centre of UL band and  is the allocated transmission frequency of UL band). 
NOTE 2:	For CIM5, the MSD exceptions are applicable to the case that CIM5 of UL band falls into the DL channels. (The frequency of CIM5 can be expressed as , where  is the frequency centre of UL band and  is the allocated transmission frequency of UL band).
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