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[bookmark: OLE_LINK4]Introduction
In last meeting, WF [1] is approved and the open issue for MSD due to harmonic interference is listed as below.
1) MSD levels:
· Option 1: To consider a equation-based approach per band combination for different DL channel bandwidths and some assumptions and issues are listed as below
· The victim's RX CBW entirely overlaps the aggressor's UL harmonic, 
· The victim’s receiver integrates the total power of the PA harmonic PSD ,
· FFS whether the interference is equal on all RX ports or not based on the architecture
· FFS in case of partial overlap/near miss cases.
· Option 2: Keep the traditional way
· Option 3: Other solutions are not precluded.
2) Aggressor UL allocations
· Option 1: Specify the aggressor’s UL RB allocation so that the UL harmonic is entirely contained within the victim’s smallest Rx CBW. Use this Lcrb for all victim’s Rx CBW greater than the minimum CBW.
· Option 2: Keep the existing table
· Option 3: Other solutions are not precluded.
In this paper, we’d like to further discuss this issue to move forward.
Discussion
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK32]Overview for the MSD due to harmonic interference
For inter-band CA and SUL band combinations, the reference sensitivity exceptions due to harmonic interference 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. 
· In Rel-17, RAN4 will introduce 15 channel bandwidths (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100) for FR1. 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 7.3A.4 from TS 38.101-1.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]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.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK82]Observation 2: Generally, RAN4 use the minimum channel bandwidth of victim bands to evaluate the MSD value and derive values of other channel bandwidth. However, there seems to be no unified derivation method.
Since we need to consider both the victim channel bandwidths and aggressor UL allocations, the situation seems to be more complex due to the increase of channel bandwidths. So many cases need to be considered as below.
	
	
	n1/n2/n3/n5/n8/n20/n25/n28/n66/n71 Aggressor Bands

	
	
	5
	10
	15
	20
	25
	30
	40
	50

	n1
n25
n41
n48
n50
n70
n75
n77
n78
n79
Victim bands
	5
	*
	*
	*
	*
	*
	*
	*
	*

	
	10
	*
	*
	*
	*
	*
	*
	*
	*

	
	15
	*
	*
	*
	*
	*
	*
	*
	*

	
	20
	*
	*
	*
	*
	*
	*
	*
	*

	
	25
	*
	*
	*
	*
	*
	*
	*
	*

	
	30
	*
	*
	*
	*
	*
	*
	*
	*

	
	40
	*
	*
	*
	*
	*
	*
	*
	*

	
	50
	*
	*
	*
	*
	*
	*
	*
	*

	
	60
	*
	*
	*
	*
	*
	*
	*
	*

	
	70
	*
	*
	*
	*
	*
	*
	*
	*

	
	80
	*
	*
	*
	*
	*
	*
	*
	*

	
	90
	*
	*
	*
	*
	*
	*
	*
	*

	
	100
	*
	*
	*
	*
	*
	*
	*
	*



Basic principles
[image: ]
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Figure 2.2-1 Basic principles for MSD due to harmonic interference
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]As shown in figure 2.2-1, when the victim's RX CBW entirely overlaps the aggressor's UL harmonic, the total harmonic interference level isn’t changed for different UL aggressor channel bandwidths (That means interference PSD is changed fordifferent DL victim channel bandwidths). Thus, it’s unnecessary to specify the different MSD levels for different DL victim channel bandwidths since the RF parameters e.g. isolation, harmonic rejection aren’t changed for different channel bandwidths.
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK80][bookmark: OLE_LINK81]Observation 3: It’s unnecessary to specify the different MSD levels for different DL victim channel bandwidths since the RF parameters e.g. isolation, harmonic rejection aren’t changed for different channel bandwidths.
[bookmark: OLE_LINK54]Generally, we can get the MSD level of all the victim frequency range by moving the centre frequency of UL aggressor band as below. This method is similar with BS Reference measurement channel in 38.104.
[image: ]
Figure 2.2-2 MSD test by moving the centre frequency of UL aggressor band
Considering the worst case, the minimum CBW can be chosen for DL victim band since maximum interference on each PRB can be achieved.
[bookmark: OLE_LINK83]Proposal 1: It’s proposed to choose one test configuration for MSD due to harmonic interference. And the principles are shown below.
[bookmark: OLE_LINK56] #1 The minimum CBW should be chosen for DL victim band
 #2 The victim's RX CBW entirely overlaps the aggressor's UL harmonic
[bookmark: OLE_LINK57] #3 To specify the aggressor’s UL RB allocation so that the UL harmonic is entirely contained within the victim’s smallest Rx CBW
 
[bookmark: OLE_LINK35]The impact and improvement on specification
Based on the proposal 1, 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 channel BW
	MSD value

	
	
	[bookmark: OLE_LINK15]number of RB
	MHz
	dB

	[bookmark: _Hlk71299370]n1
	n771,2
	25
	[bookmark: OLE_LINK58][bookmark: OLE_LINK59]10
	23.9

	
	n773
	25
	10
	1.1

	n2
	n481, 2
	25
	10
	23.9

	
	n483
	25
	10
	1.1

	[bookmark: _Hlk71299403]n2
	n771, 2
	25
	10
	23.9

	
	n773
	25
	10
	1.1

	[bookmark: _Hlk71299426]n2
	n781,2
	25
	10
	23.9

	
	n783
	25
	10
	1.1

	n3
	n771,2
	25
	10
	23.9

	
	n773
	25
	10
	1.1

	
	n781,2
	25
	10
	23.9

	
	n783
	25
	10
	1.1

	n5
	n774, 5
	12
	10
	10.5

	n5
	n776,7
	10
	10
	10.4

	n5
	n784,5
	12
	10
	10.5

	n8
	n311
	N/A
	10
	N/A

	
	n418,9
	16
	10
	13.0

	
	n784,5
	12
	10
	10.8

	
	n796,7
	25
	40
	6.8

	n20
	n784,5
	12
	10
	10.8

	n25
	n481,2
	25
	10
	23.9

	
	n483
	25
	10
	1.1

	
	n771,2
	25
	10
	23.9

	
	n773
	25
	10
	1.1

	[bookmark: _Hlk71299745]
	n781,2
	25
	10
	23.9

	
	n783
	25
	10
	1.1

	n28
	n18,9
	8
	5
	10.2

	
	n501,2
	25
	10
	19.8

	
	n751,2
	12
	5
	28.1

	
	n776,7
	10
	10
	[bookmark: OLE_LINK74][bookmark: OLE_LINK75]10.4

	
	n786,7
	10
	10
	10.4

	n66
	n481, 2
	25
	10
	23.9

	
	n483
	25
	10
	1.1

	n66
	n771, 2
	25
	10
	23.9

	
	n773
	25
	10
	1.1

	n66
	n781,2
	25
	10
	23.9

	
	n783
	25
	10
	1.1

	n71
	n2510,16
	8
	5
	10

	
	[bookmark: OLE_LINK48]n414,5
	[bookmark: OLE_LINK78]12
	10
	10.8

	
	n708,9
	8
	5
	9.9

	n92
	n784,5
	12
	10
	10.8

	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:	15 kHz SCS is assumed for UL band.
NOTE 14:	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.
[bookmark: OLE_LINK79]NOTE 15:	Unless stated otherwise, UL resource blocks shall be centred within the transmission bandwidth configuration for the channel bandwidth.
NOTE 16:	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.
NOTE 17:	Unless stated otherwise, DL resource blocks shall be configured within the transmission bandwidth configuration for the DL channel bandwidth.



Table 2: Reference sensitivity for SUL operation (exceptions due to harmonic issue)
	UL band
	DL band
	UL band RB allocation
	DL band channel BW
	MSD value

	
	
	number of RB
	MHz
	dB

	n80
	n771,2
	25
	10
	23.9

	
	n773
	25
	10
	1.1

	n80
	n781,2
	25
	10
	23.9

	
	n783
	25
	10
	1.1

	n81
	n418,9
	16
	10
	13.0

	
	n784,5
	12
	10
	10.8

	
	n796,7
	25
	40
	6.8

	n82
	n784,5
	12
	10
	10.8

	n83
	n786,7
	10
	10
	10.4

	n84
	n771, 2
	25
	10
	23.9

	
	n773
	25
	10
	1.1

	n86
	n781,2
	25
	10
	23.9

	
	n783
	25
	10
	1.1

	n97
	n791,2
	100
	40
	29.4

	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:	15 kHz SCS is assumed for UL band.
NOTE 11:	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 12:	Unless stated otherwise, UL resource blocks shall be centred within the transmission bandwidth configuration for the channel bandwidth.
NOTE 13:	Unless stated otherwise, DL resource blocks shall be configured within the transmission bandwidth configuration for the DL channel bandwidth.




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. However, there seems to be no unified derivation method.
Observation 3: It’s unnecessary to specify the different MSD levels for different DL victim channel bandwidths since the RF parameters e.g. isolation, harmonic rejection aren’t changed for different channel bandwidths.
Proposal 1: It’s proposed to choose one test configuration for MSD due to harmonic interference. And the principles are shown below.
 #1 The minimum CBW should be chosen for DL victim band
 #2 The victim's RX CBW entirely overlaps the aggressor's UL harmonic
 #3 To specify the aggressor’s UL RB allocation so that the UL harmonic is entirely contained within the victim’s smallest Rx CBW
References
[1]	R4-2105373, “Possible improvements on MSD in relation to BCS4”, Possible improvements on MSD in relation to BCS4
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