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[bookmark: OLE_LINK4]Introduction
The WID [1] Introduction of bandwidth combination set 4 (BCS4) for NR was approved in RAN #90e meeting. The objectives of this work item are listed below:
1) [bookmark: _Hlk58440727]Introduce BCS 4 for SUL, inter-band and intra-band NR-CA, which shall indicate that for the band combination the UE supports all of the possible combinations of bandwidths based on the bandwidths the UE supports for each band as indicated in the UE capabilities and restricted by the notes in Table 5.3.5-1 in 38-101-1,  and the maximum bandwidth for the band in the band combination as indicated in the UE capabilities. The BCS table does not need to fill in the channel bandwidths for BCS4 for new band combinations.

Study and define the most suitable UE capabilities signalling methods to enable BCS4 support after technically confirm what each of the following methods can realize and compare the cost versus the benefits. The candidate methods are:
· Signalling of BCS4 support per band combination
· BCS4 signalling with additional minimum channel bandwidth for each CC in NR band within a band combination 
· BCS4 signalling with additional UE signalling multiple feature sets with different maximum and minimum channel bandwidth supporting on each CC for the same band combination.
· Other methods are not precluded

2) Ensure that all required analysis including MSD, etc. be performed for BCS4 for every existing band combination configuration (up to 3 bands)

It need to be studied further whether MPR/A-MPR is needed to be included in this WI.

In the objective 2, RAN4 need to analysis all required MSD for every existing band combination to enable BCS4. Thus, we’d like to discuss how to move forward for this issue.
Discussion
Overview
For inter-band CA and SUL band combinations, the reference sensitivity exceptions due to harmonic interference and cross band isolation are specified as bandwidth-specific requirements. As more and more kinds of bandwidth for single carrier are specified in the spec, the following issues are brought into specifications for MSD exceptions.
· After the completion of new bandwidth for single carrier, RAN4 have to check the MSD exceptions for all the relative band combinations and fill up the missing requirements. It’s unclear who is responsible to do this.
· In Rel-17, RAN4 will introduce 15 channel bandwidths (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100). Considering that the existing UE RF MSD exception tables with channel bandwidth dependency is already fairly crowded.
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]It’s inconvenient to maintain the MSD exception tables as the channel bandwidths are increasing.
· There are still some missing requirements and errors in the MSD exception tables.
Observation 1: As the channel bandwidths are increasing, it’s necessary to simplify the MSD exception tables in TS 38.101-1.
Generally, RAN4 use an exemplary channel bandwidth of victim bands to evaluate the MSD value based on the UE architecture, the assumed parameters, and filter performance and so on. Considering the worst case, the minimum channel bandwidth of victim bands can be used for the evaluations. The values of other channel bandwidths can be derived from the worst case. However, there seems to be no unified derivation method.
Observation 2: Generally, RAN4 use the minimum channel bandwidth of victim bands to evaluate the MSD value and derive values of other channel bandwidth.
Observation 3: Currently, there is a strong demand to use unified derivation method to fill up the missing MSD requirements.
Based on the WF [2], RAN4 has agreed to simplify the several UE RF requirements tables where the requirements with channel bandwidth dependency can be specified with equation-based representation without explicitly writing down the number for each channel bandwidth. The similar approach can be used for the MSD exception tables.
[bookmark: OLE_LINK9][bookmark: OLE_LINK6]Proposal 1: The equation-based representation without explicitly writing down the number for each channel bandwidth can be used for the MSD exception tables due to harmonic interference and cross band isolation.
The equation-based representation
According to the TR [3], the REFSENS level can be calculated by the equation below for below 6GHz:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain                  (1)
It is noted that the Rx BW is identical to the transmission bandwidth configuration.
NF – Noise Figure
SNR was agreed as -1dB
IM – Implementation margin uses 2.5dB
Diversity gain is 3dB if 2Rx is considered
Since the interference has an impact on the sensitivity, we need to consider an exceptional sensitivity. The REFSENS (exception) level can be calculated by the equation
Sensitivity (exception) =        (2)
SINR was used as -1dB, as well.
PI is the power level (dBm) of the interference.
Based on the definition of MSD (Maximum Sensitivity degradation), it can be represented as below
MSD = Sensitivity (exception) – Sensitivity                                 (3)
Based on the equation (1) and (2), the MSD is:
            (4)
Proposal 2: It’s proposed to use equation (4) to derive the MSD values of other channel bandwidths.
For the UL RB allocation, we can consider the worst case. The minimum RB allocation can be used to specify the requirements.
The exception due to UL harmonic interference can be specified as below.
Table 1: Reference sensitivity exceptions due to UL harmonic for CA in NR FR1
	UL band
	DL band
	UL band RB allocation
	DL band NF
	PI
	MSD value

	
	
	[bookmark: OLE_LINK15]number of RB
	dB
	dBm
	dB

	n1
	n771,2
	25
	10.5
	-70.3
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Note 13

	
	n773
	25
	10.5
	-99.5
	Note 13

	n2
	n481, 2
	25
	10
	-70.3
	Note 13

	
	n483
	25
	10
	-99.5
	Note 13

	n2
	n771, 2
	25
	10.5
	-70.3
	Note 13

	
	n773
	25
	10.5
	-99.5
	Note 13

	n2
	n781,2
	25
	10
	-70.3
	Note 13

	
	n783
	25
	10
	-99.5
	Note 13

	n3
	n771,2
	25
	10.5
	-70.3
	Note 13

	
	n773
	25
	10.5
	-99.5
	Note 13

	
	n781,2
	25
	10
	-70.3
	Note 13

	
	n783
	25
	10
	-99.5
	Note 13

	n5
	n774, 5
	16
	10.5
	-84
	Note 13

	n5
	n776,7
	16
	10.5
	-84.1
	Note 13

	n5
	n784,5
	16
	10
	-84
	Note 13

	n8
	n311
	N/A
	12
	N/A
	N/A

	
	n418,9
	16
	11
	-80.9
	Note 13

	
	n784,5
	16
	10
	-84.2
	Note 13

	
	n796,7
	25
	10
	-82.4
	Note 13

	n20
	n784,5
	16
	10
	-84.2
	Note 13

	n25
	n781,2
	25
	10
	-70.3
	Note 13

	
	n783
	25
	10
	-99.5
	Note 13

	n28
	n18,9
	8
	9
	-89.3
	Note 13

	
	n501,2
	25
	9
	-75.9
	Note 13

	
	n751,2
	12
	9
	-70.3
	Note 13

	
	n776,7
	10
	10.5
	-84.1
	Note 13

	
	n786,7
	10
	10
	-84.1
	Note 13

	n66
	n481, 2
	12
	10
	-70.3
	Note 13

	
	n483
	12
	10
	-99.5
	Note 13

	n66
	n771, 2
	25
	10.5
	-70.3
	Note 13

	
	n773
	25
	10.5
	-99.5
	Note 13

	n66
	n781,2
	25
	10
	-70.3
	Note 13

	
	n783
	25
	10
	-99.5
	Note 13

	n71
	n2510
	817
	12.5
	-86
	Note 13

	
	[bookmark: OLE_LINK48]n414,5
	16
	11
	-83.2
	Note 13

	
	n708,9
	8
	9
	-89.6
	Note 13

	n92
	n784,5
	16
	10
	-84.2
	Note 13

	NOTE 1:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range ∆FHD above and below the edge of this downlink transmission bandwidth. The value ∆FHD depends on the band combination: ∆FHD = 10 MHz for CA_n1-n77, CA_n2-n78, CA_n3-n77, CA_n3-n78, CA_n2-n48, CA_n25-n78, CA_n48-n66, CA_n66-n78.


NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.




NOTE 3:	The requirements are only applicable to channel bandwidths no larger than 20 MHz and with a carrier frequency at  MHz offset from  in the victim (higher band) with , where[image: ]andare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.
NOTE 4:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 5:	The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: ]in MHz and [image: ] with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band.
NOTE 6:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 7:	The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: ]in MHz and [image: ] with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band.
NOTE 8:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 3nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.

NOTE 9:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that [image: ]in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.
NOTE 10:	These requirements apply when the lower edge frequency of the 10 MHz, 15 MHz, or 20 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band n25 is located with its upper edge at 1995 MHz.
NOTE 11:	No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity for all active downlink component carriers is only verified when this is not the case (the requirements specified in clause 7.3.2 apply unless otherwise specified).
NOTE 12:	For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.
NOTE 13:	The MSD requirements can be calculated by the equation: , where RxBW (Hz) = NRB*SCS*12 for the specific DL channel BW. And PI (dBm) is the interference level. NF is the Noise Figure of DL band.
NOTE 14:	15 kHz SCS is assumed for UL band.
NOTE 15:	The UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.2-3 for the uplink bandwidth in which case the allocation according to Table 7.3.2-3 applies.
NOTE 16:	Unless stated otherwise, UL resource blocks shall be centred within the transmission bandwidth configuration for the channel bandwidth.
NOTE 17:	These requirements apply when the lower edge frequency of the uplink channel in Band n71 is located at or below 668 MHz and the downlink channel in Band n25 is located with its upper edge at 1990 MHz.




The exception due to harmonic mixing interference can be specified as below.


[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Table 2: Reference sensitivity exceptions due to receiver harmonic mixing for CA in NR FR1
	UL band
	DL band
	UL band RB allocation
	SCS of UL band
	DL band NF
	PI
	MSD value

	
	
	number of RB
	kHz
	dB
	dBm
	dB

	[bookmark: _Hlk59698940]n25
	n713,4
	25
	15
	11.8
	-69.7
	Note 5

	n40
	n284
	25
	15
	10.5
	-59.7
	Note 5

	n40
	n781
	24
	30
	10
	-87
	Note 5

	n41
	n781
	24
	30
	10
	-87
	Note 5

	n77
	n2
	25
	15
	11
	-90
	Note 5

	n77
	n5
	20
	15
	11
	-92
	Note 5

	n78
	n402
	50
	30
	9
	-87
	Note 5

	n78
	n412
	50
	30
	11
	-85
	Note 5

	

NOTE 1:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.




NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such that in MHz and  with carrier frequency in the victim (lower) band in MHz and  the channel bandwidth configured in the higher band.
NOTE 3:	These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel's transmission bandwidth of an aggressor (higher) band.


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.
NOTE 5:	The MSD requirements can be calculated by the equation: , where RxBW (Hz) = NRB*SCS*12 for the specific DL channel BW. And PI (dBm) is the interference level. NF is the Noise Figure of DL band.
NOTE 6:	The UL configuration applies regardless of the channel bandwidth of the UL band unless the UL resource blocks exceed that specified in Table 7.3.2-3 for the uplink bandwidth in which case the allocation according to Table 7.3.2-3 applies.





The exception due to harmonic mixing interference can be specified as below.
Table 3: Reference sensitivity exceptions due to cross band isolation for CA in NR FR1
	UL band
	DL band
	UL band RB allocation
	SCS of UL band
	MSD value

	
	
	number of RB
	kHz
	dB

	n1
	n3
	25
	15
	3

	n40
	n1
	25
	30
	8.3

	n1
	n40
	25
	15
	6.6

	n41
	n1
	128
	30
	9.1

	n1
	n41
	100
	15
	6.1

	n3
	n41
	50
	15
	0.7

	n41
	n3
	160
	30
	0.6

	n41
	n25
	160
	15
	0.6

	n38
	n78
	100
	15
	8.3

	n78
	n38
	270
	30
	3.3

	n78
	n401
	270
	30
	4.5

	n411
	n66
	128
	30
	3.5

	n41
	n78
	100
	15
	8.3

	n78
	n411
	270
	30
	4.5

	n78
	n71
	270
	30
	4.5

	n783
	n79
	270
	30
	2

	n79
	n783
	270
	30
	2.6

	NOTE 1:	Applicable only when harmonic mixing MSD for this combination is not applied.
NOTE 2:	Void
NOTE 3:	The requirements only apply for UEs supporting inter-band carrier aggregation with simultaneous Rx/Tx capability. Simultaneous Rx/Tx capability does not apply for UEs supporting band n78 with a n77 implementation.
NOTE 4:	The UL configuration applies regardless of the channel bandwidth of the UL band unless the UL resource blocks exceed that specified in Table 7.3.2-3 for the uplink bandwidth in which case the allocation according to Table 7.3.2-3 applies.
NOTE 5:	Refers to 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 in Table 5.3.2-1.





Proposal 3: It’s proposed to reconstruct the MSD requirements based on the table 1, table 2 and table 3 for the exceptions due to UL harmonic, harmonic mixing and cross band isolation.
The similar principle can be used for SUL band combinations.
[bookmark: _Hlk515991283]Table 4: Reference sensitivity for SUL operation (exceptions due to harmonic issue)
	UL band
	DL band
	UL band RB allocation
	DL band NF
	PI
	MSD value

	
	
	number of RB
	dB
	dBm
	dB

	n80
	n771,2
	25
	10.5
	-70.3
	Note 10

	
	n773
	25
	10.5
	-99.5
	Note 10

	
	n781,2
	25
	10
	-70.3
	Note 10

	
	n783
	25
	10
	-99.5
	Note 10

	n81
	n418,9
	16
	11
	-80.9
	Note 10

	
	n784,5
	16
	10
	-84.2
	Note 10

	
	n796,7
	25
	10
	-82.4
	Note 10

	n82
	n784,5
	16
	10
	-84.2
	Note 10

	n83
	n786,7
	10
	10
	-84.1
	Note 10

	n84
	n771,2
	25
	10.5
	-70.3
	Note 10

	
	n773
	25
	10.5
	-99.5
	Note 10

	n86
	n781,2
	25
	10
	-70.3
	Note 10

	
	n783
	25
	10
	-99.5
	Note 10

	NOTE 1:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range ∆FHD above and below the edge of this downlink transmission bandwidth. The value ∆FHD depends on the band combination: ∆FHD = 10 MHz for SUL_n78-n80, SUL_n78-n86.


NOTE 2:	The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.




NOTE 3:	The requirements are only applicable to channel bandwidths no larger than 20 MHz and with a carrier frequency at  MHz offset from  in the victim (higher band) with , where[image: ]andare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.
NOTE 4:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.


NOTE 5:	The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.
NOTE 6:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.


NOTE 7:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.
NOTE 8:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.


NOTE 9	The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LBsuch that  in MHz and  with the carrier frequency in the victim (higher) band in MHz and  the channel bandwidth configured in the low band.
NOTE 10:	The MSD requirements can be calculated by the equation: , where RxBW (Hz) = NRB*SCS*12 for the specific DL channel BW. And PI (dBm) is the interference level. NF is the Noise Figure of DL band.
NOTE 11:	15 kHz SCS is assumed for UL band.
NOTE 12:	The UL configuration applies regardless of the channel bandwidth of the low band  
NOTE 13:	Unless stated otherwise, UL resource blocks shall be centered within the transmission bandwidth configuration for the channel bandwidth.





Table 5: Reference sensitivity exceptions due to cross band isolation for SUL operation
	UL band
	DL band
	UL band RB allocation
	SCS of UL band
	MSD value

	
	
	number of RB
	kHz
	dB

	n80
	n41
	50
	15
	4.3

	n95
	n41
	75
	15
	6.1

	NOTE 1:	The B41 requirements are modified by -0.5dB when carrier frequency of the assigned E-UTRA channel bandwidth is within 2515 – 2690 MHz.
NOTE 2:	15 kHz SCS is assumed for UL band.



Proposal 4: It’s proposed to reconstruct the MSD requirements based on the table 4 and table 5 for the SUL exceptions due to UL harmonic and cross band isolation.
Conclusion
Based on the analysis and discussion, the proposal and observations are shown below.
Observation 1: As the channel bandwidths are increasing, it’s necessary to simplify the MSD exception tables in TS 38.101-1.
Observation 2: Generally, RAN4 use the minimum channel bandwidth of victim bands to evaluate the MSD value and derive values of other channel bandwidth.
Observation 3: Currently, there is a strong demand to use unified derivation method to fill up the missing MSD requirements.
Proposal 1: The equation-based representation without explicitly writing down the number for each channel bandwidth can be used for the MSD exception tables due to harmonic interference and cross band isolation.
Proposal 2: It’s proposed to use equation (4) to derive the MSD values of other channel bandwidths.
Proposal 3: It’s proposed to reconstruct the MSD requirements based on the table 1, table 2 and table 3 for the exceptions due to UL harmonic, harmonic mixing and cross band isolation.
Proposal 4: It’s proposed to reconstruct the MSD requirements based on the table 4 and table 5 for the SUL exceptions due to UL harmonic and cross band isolation.
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