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1 Introduction
[bookmark: OLE_LINK20]A new template was introduced in Release 17. The template is used to capture MSD test points for harmonics and cross-band isolation. In Release 18, several corrections were brought to MSD due to cross-band isolation. However, several corrections were brought to MSD due to harmonic interference. In this contribution, we review MSD test points due to uplink (UL) harmonics and propose several corrections for NR-CA. The intention is solely to remove inconsistencies and to ensure technical correctness. If agreed upon, we plan to mirror these changes to the EN-DC MSD tables and to bring companion change requests at the RAN4 meeting #111.
2 Discussion
Reminder on guidelines for MSD due to UL harmonics
To our knowledge, the latest guidelines on MSD test points for UL harmonic interference were captured in Way Forward (WF) [1] and referenced in TR 38.846. We reproduce only key guidelines below:
1) Guidelines for the DL band configuration – [1] (P4):
· For both Tx harmonic direct hit and for Rx harmonic mixing, a maximum of two test points can be specified:
· one test point to capture the lowest DL channel bandwidth (CBW) MSD,
· one test point to capture the highest DL channel bandwidth (CBW) MSD. For this second test points, other DL configurations are not precluded.
· For near-miss harmonic interference, one MSD test point can be considered to specify the lowest DL CBW MSD.

2) Guidelines for the UL band configuration – [1] (P5):
For all MSD test points:
· Lcrb and RBstart specify the UL RB allocation which ensures that the DL affected band RX CBW entirely overlaps the harmonic interference power spectral density (PSD),
· The UL band is configured with the lowest UL CBW and the lowest SCS that can accommodate the specified UL Lcrb. For example, if the Lcrb is 25RB, the UL configuration should be 5MHz CBW, SCS15kHz.

[bookmark: _Ref103591637]These guidelines are illustrated in Table 1 for the example of CA_n1-n77 [1] where:
· The 1st direct-hit MSD test point captures the band n77 highest MSD that corresponds with the lowest DL CBW,
· The 2nd direct-hit MSD test point is the optional test point. It is used here to specify the band n77 100MHz CBW MSD. Compared to the 1st test point, we observe that the UL CBW is increased from 5 to 20MHz and the UL Lcrb is increased from 25RB to 100RB. This aligns with the WF [1] guidelines since the band n77 100MHz CBW entirely overlaps the 2nd UL harmonic PSD of UL band n1 20MHz channel bandwidth (CBW) Lcrb=100 RB (RBstart=0). This is also the result of porting the test point from the previous table template directly into the new template.
· The 3rd MSD test point is the single test point for near-miss harmonic MSD.  
Table 1 New MSD table format for MSD due to UL harmonic for power class 3 (Table 7.3A.4-1)
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order
	MSD test point #

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	
	

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
	1

	
	
	
	
	
	
	
	
	direct-hit
	

	n1
	n77
	20
	15
	100 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
	2

	
	
	
	
	
	
	
	
	direct-hit
	

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
	3

	
	
	
	
	
	
	
	
	near-miss
	



Amendments Guidelines to Simplify MSD Tables due to UL Harmonics
On UL Configurations for Direct-hit Test Points
Regarding the UL configuration of the 2nd direct-hit MSD test point, we believe there is no reason to adopt a different configuration than that specified for the 1st MSD test point. This is justified by the fact that if the DL affected band Rx CBW entirely overlaps the UL “nth” order harmonic for the lowest DL CBW (1st test point), then it is automatically also the case for the higher DL CBW of the 2nd test point. We illustrate this concept in  Figure 1 which shows an example of a measured 2nd order UL “UL2” harmonic PSD: once “UL2” is entirely integrated by the DL lowest CBW (“direct-hit” case - dark blue), this harmonic is also entirely integrated by all higher DL CBW (lighter shades of dashed blue lines). Thus, the level of UL harmonic interference level is constant and agnostic of the DL CBW.
[image: A graph of a graph

Description automatically generated]
[bookmark: _Ref79061160]Figure 1: Plain lines: second harmonic (UL2) PSD for DFT-s-OFDM QPSK SCS 15kHz waveform with LCRB = 25 RB. Dashed lines: illustration of increasing DL affected band CBW.
Observation 1: For most direct-hit UL harmonic 2nd MSD test points, the UL RB allocation “Lcrb” and/or the UL CBW are configured with a higher CBW and a higher “Lcrb” than the 1st MSD test point. We believe that this was inherited during the migration from the previous MSD tables. However, once the direct-hit UL “nth” harmonic is entirely overlapped by the DL affected band lowest CBW, it is also automatically the case for higher DL CBW. Hence it is not necessary to change the UL CBW or UL RB allocation.

Table 2 shows one of the few exceptions where the 2nd MSD test point for CA_n25-n71 is specified with an UL configuration that is identical to the 1st MSD test point. Unfortunately, we face a situation where direct-hit MSD test points are not consistently captured.

[bookmark: _Ref161767233]Table 2 CA_n25-n71 power class 3 UL harmonic test points (Table 7.3A.4-1)
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order
	MSD test point #

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	
	

	n71
	n2510,11
	5
	15
	8 (RBstart=0)
	5
	10
	NOTE 3
	UL3/DL1
	1st

	
	
	
	
	
	
	
	
	direct-hit
	

	n71
	n2510,11
	5
	15
	8 (RBstart=0)
	40
	2.1
	NOTE 3
	UL3/DL1
	2nd 

	
	
	
	
	
	
	
	
	direct-hit
	



Observation 2: For CA_n25-n71 and CA_n26_n77, the 2nd MSD test point is specified with an UL configuration that is identical to that of the 1st MSD test point, thus introducing inconsistent MSD requirements.






On the Necessity to Specify Near-miss Test Points when Direct-hit occurs.
Regarding near-miss MSD test points, we observe:
1) For several band combinations that are affected by direct-hit UL2/DL1 interference, like CA_n1-n77, a third near-miss MSD test point is specified,
2) For CA_n28-n50, CA_n28-n74 and CA_n28-n75, CA_n28-n94, only direct-hit UL2/DL1 test points have been specified. Yet it is possible to find a configuration that leads to near-miss interference.

We therefore also face a situation where near-miss UL2/DL1 MSD test points are not consistently captured.

We believe that adding a near-miss to a Band that is already affected by a direct-hit collision adds little value to RAN4.  We understand that the rationale for introducing these test points was to prevent conformance test failures in case the user equipment (UE) were to be tested under cell configurations that could have led to a near-miss collision, i.e.  test conditions  where RAN4 may not guarantee “zero” MSD. 

[bookmark: _Hlk163210614]Observation 3: For DL Bands affected by direct-hit UL2/DL1 interference:
· For most band combinations, a third near-miss MSD test point is specified, like CA_n1-n77, CA_n2-n77, CA_n3-n77 etc…
· For CA_n28-n50, CA_n28-n74 and CA_n28-n75, CA_n28-n94, only direct-hit UL2/DL1 test points have been specified, even though it is possible to defined near-miss test conditions, thereby introducing inconsistent MSD requirements.

To remove inconsistencies and to simplify the MSD tables, we believe UL2/DL1 near-miss MSD test points should only be specified when there is no direct-hit collision. To address concerns related to conformance test, to modify the NOTE 2 by adding text explaining that this DL band may also be affected by near-miss interference for which the MSD is not specified.

Examples of near-miss test points that should be removed and near-miss test points that should be kept are captured in Table 3 below. 
[bookmark: _Ref162344179]Table 3 Handling of near-miss MSD test points (Table 7.3A.4-1).
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order
	Clean-up suggestion

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	
	

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit
	Keep 1st test point

	n1
	n77
	20
	15
	100 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit
	Keep this 2nd optional test point

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss
	Remove

	n7
	n79
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss
	Keep

	

NOTE 2:  The requirements should be verified for UL NR ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with carrier frequency in the victim (higher) band in MHz and  the channel bandwidth configured in the lower band. This DL band may be affected by near-miss interference for which the MSD is not specified.





Amendments to WF [1] Guidelines on UL Harmonic MSD Test Points.

Based on observation 1, 2, 3 we propose the following amendments to the WF [1] guidelines on MSD test points for UL harmonic interference.

[bookmark: _Hlk163210734][bookmark: _Hlk163210697]Proposal 1: To remove inconsistencies in the UL harmonic MSD test points and to simplify MSD analyses in TPs for TR, we propose to adopt the amendments highlighted in blue to the WF [1]:

Guidelines for the UL band configuration:
Adopt a unique and common UL configuration for the 1st and the 2nd “optional” direct-hit UL harmonic MSD test points:
· The UL band should be configured with the smallest UL CBW and the smallest SCS supported by the UL band, and with the UL RB allocation “Lcrb” and “RBstart” which ensures that the DL affected band RX CBW entirely overlaps the harmonic interference power spectral density (PSD).
· This ensures that the UL harmonic interference level is agnostic of the affected DL band CBW.

Guidelines for the DL band configuration
For both Tx harmonic direct hit and for Rx harmonic mixing, a maximum of two test points can be specified:
· one test point to capture the lowest DL channel bandwidth (CBW) MSD,
· one test point to capture the highest DL channel bandwidth (CBW) MSD. For this second test point, other DL configurations are not precluded.
For near-miss harmonic interference, 
· When the DL band may not be affected by a direct-hit collision, one near-miss MSD test point may be considered whenever applicable, and the MSD should be specified for the lowest DL band CBW. 
· When the DL band may be affected by an UL2/DL1 direct-hit collision, the near-miss MSD test point is not needed. Footnote 2 may be modified to inform RAN5 that the DL band may be affected by near-miss interference for which the MSD is not specified.
Porting the corrections of proposal 1 requires checking that the MSD levels have been specified assuming harmonic interference levels that are agnostic of the DL CBW. This may not be the case for all band combinations.

MSD Re-evaluation assuming UL Harmonic Interference Levels Agnostic of DL CBW
Based on proposal 1, we re-evaluate the 2nd test point MSD level assuming the UL harmonic level is agnostic of the DL CBW and three sets of calculation assumptions and two principles. In the remainder of this document, “Pint” is used to denote the uplink harmonic interference power level.
Principle #1: For direct-hit UL harmonic MSD, “Pint” is identical for the 1st test point and for the 2nd optional test point.
Principle #2: For direct-hit UL harmonic MSD, the UL CBW and the UL Lcrb configuration of the 1st MSD test point applies to the 2nd optional MSD test point.
Assumption #1: MSD is re-evaluation assuming MRC combining with 4dB lower “Pint” on diversity antenna than on primary antenna. An example of MSD re-evaluation is presented below for CA_n5-n77 in Table 3.
· Step 1: Estimate the interference level “Pint” that leads to band n77 10MHz CBW 10.5dB MSD of the 1st MSD test point. Here the band n5 Pint = -81.7 / -85.7dBm for Primary/Diversity antenna (yellow),
· Step 2: Apply the interference level found at step 1 to the ideal RB scaled REFSENS for n77 100MHz CBW (blue highlight),
· Step 3: Calculate using MRC combining the band n77 100MHz CBW MSD. 
· The 100MHz CBW n77 MSD is evaluated at 3.2dB (green).
[bookmark: _Ref161825391]Table 3 CA_n5-n77 power class 3 (PC3) UL harmonic MSD re-evaluation assuming 4dB harmonic interference power “Pint” imbalance between primary and diversity antenna ports. 
	Direct-hit PC3 UL harmonic MSD for CA_n5_n77
	1st MSD 
test point
	2nd MSD 
test point
	

	
	Prim.
	Div.
	Prim.
	Div.
	

	Antenna referred in-channel harmonic interference levels:
[primary/diversity] (dBm/MBW)
	-81.7
	-85.7
	-81.7
	-85.7
	

	Ideal REFSENS: [n77 10/100MHz] (dBm/MBW)
	-95.3
	-85.1

	Noise floor (dBm/MBW)
	-91.3
	-91.3
	-81.1
	-81.1
	

	Total noise level at antenna connector (dBm/MBW)
	-81.7
	-85.7
	-81.7
	-85.7
	

	Degradation: [n77 10/100MHz] (dB)
	10.1
	6.7
	2.7
	1.3
	

	Ideal REFSENS MRC degradation: [n77 10/100MHz] (dB)
	10.50
	3.20



Assumption #2: MSD is re-evaluated assuming MRC combining with equal “Pint” on both diversity and primary antenna.  The example of CA_n5-n77 is captured in Table 4. The 100MHz CBW n77 MSD is evaluated at 2.9dB (green). 

[bookmark: _Ref162008509]Table 4 CA_n5-n77 PC3 UL harmonic MSD re-evaluation assuming equal harmonic interference power “Pint” between primary and diversity antenna ports.
	Direct-hit PC3 UL harmonic MSD for CA_n5_n77
	1st MSD 
test point
	2nd MSD 
test point
	

	
	Prim.
	Div.
	Prim.
	Div.
	

	Antenna referred in-channel harmonic interference levels:
[primary/diversity] (dBm/MBW)
	-84.2
	-84.2
	-84.2
	-84.2
	

	Ideal REFSENS: [n77 10/100MHz] (dBm/MBW)
	-95.3
	-85.1

	Noise floor (dBm/MBW)
	-91.3
	-91.3
	-81.1
	-81.1
	

	Total noise level at antenna connector (dBm/MBW)
	-84.2
	-84.2
	-84.2
	-84.2
	

	Degradation: [n77 10/100MHz] (dB)
	7.9
	7.9
	1.7
	1.7
	

	Ideal REFSENS MRC degradation: [n77 10/100MHz] (dB)
	10.50
	2.90



Assumption #3: MSD is re-evaluated using the equation-based method [2].  

The results of these re-evaluations are summarized in Table 5 where we highlight:
· in yellow: the proposed changes to either UL CBW, and/or UL Lcrb and/or MSD,
· in blue: the necessary corrections for erroneous DL CBW.

We observe that:
· Corrections are needed for all direct-hit 2nd MSD test points due to a change for the UL CBW, the UL Lcrb, the MSD or a combination of these three parameters,
· For MSD corrections: the three set of MSD evaluations lead to near similar MSD levels. As a compromise solution, we propose to adopt the MSD calculated using assumption #2, ie. with equal interference power between the primary and the diversity antenna port. MSD corrections are suggested when the calculated MSD deviates from the specified MSD by more than +/- 0.5dB,
· Direct-hit MSD test points are missing for CA_n18-n78, CA_n25-n48 and CA_n71-n77,
· Erroneous DL CBW need to be corrected for CA_n12-n48, CA_n25-n48, CA_n28-n94, CA_n66-n85, 
· Direct-hit test points for CA_n2-n48 may be removed since only near-miss collision applies. This is discussed in more detail in section 2.4.
· The test point for CA_n5-n77 UL5/DL1 does not seem necessary since one test point is already captured for CA_n5-n77. It is suggested to remove this test point.

[bookmark: _Ref161842414]Table 5: Power class 3 UL harmonic MSD re-evaluation and needed corrections (Table 7.3A.4-1).
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL harmonic order
	MSD re-evaluation for 2nd "optional" test point

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	MRC combining
4dB "Pint" imbalance
	MRC combining
equal "Pint"
	Equation based

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n1
	n77
	20
	15
	100 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed.

	n2
	n48
	5
	15
	25 (RBstart=0)
	5
	27.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	This combination is not affected by direct-hit collision. Only near-miss applies. These test points may be removed.

	n2
	n48
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	 Test point may be removed, only near miss applies to this band combination

	n2
	n48
	5
	15
	25 (RBstart=0)
	10
	1.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	
	
	

	n2
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n2
	n77
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n2
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed.

	n2
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n2
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n2
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed.

	n3
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n3
	n77
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n3
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed

	n5
	n411
	5
	15
	16 (RBstart=0)
	10
	10.3
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n5
	n778
	5
	15
	16 (RBstart=0)
	10
	10.5
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n5
	n778
	5
	15
	25 (RBstart=0)
	100
	1.4
	UL4/DL1
	3.2
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n5
	n778
	5
	15
	16 (RBstart=0)
	10
	10.4
	UL5/DL1
	The UL5/DL1 test point is not needed and may be removed

	
	
	
	
	
	
	
	direct-hit
	

	n5
	n778
	5
	15
	25 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider removing test point or changing MSD to 2.9dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n5
	n78
	5
	15
	16 (RBstart=0)
	10
	10.5
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n5
	n78
	5
	15
	25 (RBstart=0)
	100
	1.4
	UL4/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n7
	n79
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	
	
	

	n8
	n313
	N/A
	N/A
	N/A
	N/A
	N/A
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n8
	n7
	5
	15
	8 (RBstart=0)
	5
	10
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n8
	n7
	5
	15
	25 (RBstart=0)
	50
	1.1
	UL3/DL1
	2.9
	2.6
	2.4

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.6dB,
 - Change UL Lcrb to 8 (RBstart=0)

	n8
	n41
	5
	15
	16 (RBstart=0)
	10
	13
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n8
	n41
	5
	15
	25 (RBstart=0)
	100
	3.5
	UL3/DL1
	4.8
	4.5
	4.2

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 4.5dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n8
	n77
	5
	15
	16 (RBstart=0)
	10
	10.8
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n8
	n77
	5
	15
	25 (RBstart=0)
	100
	1.4
	UL4/DL1
	3.3
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n8
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n8
	n78
	5
	15
	25 (RBstart=0)
	100
	1.4
	UL4/DL1
	3.4
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n8
	n79
	5
	15
	16 (RBstart=0)
	10
	12
	UL5/DL1
	 
	
	 

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n8
	n79
	5
	15
	25 (RBstart=0)
	100
	4.4
	UL5/DL1
	4.1
	3.9
	3.6

	
	
	
	
	
	
	
	direct-hit
	 - Keep 4.4dB MSD,
 - Change  UL Lcrb to 16 (RBstart=0)

	n12
	n48
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	 - Correct 10MHz DL CBW to 5MHz. Appears to be a copy and paste error during test point migration

	
	
	
	
	
	
	
	direct-hit
	

	n12
	n48
	5
	15
	25 (RBstart=0)
	40
	4.7
	UL5/DL1
	5.5
	5.2
	5.1

	
	
	
	
	
	
	
	direct-hit
	- Keep 4.7dB MSD,
- Change  UL Lcrb to 10 (RBstart=0)

	n12
	n66
	5
	15
	8 (RBstart=0)
	5
	10
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n12
	n66
	5
	15
	20 (RBstart=0)
	40
	2.4
	UL3/DL1
	3.3
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 8 (RBstart=0)
 - Consider changing DL 40MHz to the highest supported CBW

	n12
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n12
	n77
	5
	15
	20 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 10 (RBstart=0)

	n12
	n781
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n13
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n13
	n77
	5
	15
	20 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 10 (RBstart=0)

	n14
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n14
	n77
	5
	15
	20 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 10 (RBstart=0)

	n18
	n77
	5
	15
	16 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n18
	n77
	5
	15
	25 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n20
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n20
	n78
	5
	15
	25 (RBstart=0)
	100
	1
	UL4/DL1
	3.4
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n24
	n778
	5
	15
	25 (RBstart=0)
	10
	N/A
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n25
	n48
	5
	15
	25 (RBstart=0)
	10
	1.9
	UL2/DL1
	 - Correct 10MHz DL CBW to 5MHz. Appears to be a copy and paste error during test point migration

	
	
	
	
	
	
	
	near-miss
	

	n25
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n25
	n77
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n25
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	
	
	

	n25
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n25
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n25
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	
	
	

	n26
	n778
	5
	15
	16 (RBstart=0)
	10
	N/A
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n26
	n778
	5
	15
	16 (RBstart=0)
	10
	N/A
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n26
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n26
	n78
	5
	15
	25 (RBstart=0)
	100
	1.4
	UL4/DL1
	3.4
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n28
	n1
	5
	15
	8 (RBstart=0)
	5
	10.2
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n28
	n1
	5
	15
	25 (RBstart=0)
	50
	1.1
	UL3/DL1
	2.9
	2.7
	2.5

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.7dB,
 - Change UL Lcrb to 8 (RBstart=0)

	n28
	n50
	5
	15
	12 (RBstart=0)
	5
	23
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n28
	n50
	5
	15
	25 (RBstart=0)
	80
	10.8
	UL2/DL1
	11.1
	11
	10.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 10.8dB MSD,
 - Change  UL Lcrb to 12 (RBstart=0)

	n28
	n74
	5
	15
	12 (RBstart=0)
	5
	23.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n28
	n74
	5
	15
	25 (RBstart=0)
	20
	16.8
	UL2/DL1
	17
	16.9
	16.6

	
	
	
	
	
	
	
	direct-hit
	 - Keep 16.8dB MSD,
 - Change  UL Lcrb to 12 (RBstart=0)

	n28
	n75
	5
	15
	12 (RBstart=0)
	5
	28.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n28
	n75
	10
	15
	50 (RBstart=0)
	50
	18.7
	UL2/DL1
	17.8
	17.8
	17.4

	
	
	
	
	
	
	
	direct-hit
	 - Keep 18.7dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 12 (RBstart=0)

	n28
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n28
	n77
	5
	15
	25 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 10 (RBstart=0)

	n28
	n78
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n28
	n78
	5
	15
	25 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 10 (RBstart=0)

	n28
	n94
	5
	15
	12 (RBstart=0)
	5
	28.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n28
	n94
	10
	15
	50 (RBstart=0)
	50
	18.7
	UL2/DL1
	21.9 at 20MHz CBW
	21.9 at 20MHz CBW
	21.5 at 20MHz CBW

	
	
	
	
	
	
	
	direct-hit
	 - Correct n94 DL CBW to highest supported of 20MHz
 - Consider changing MSD to 21.9 at 20MHz CBWdB,
 - Change UL CBW to 5MHz and UL Lcrb to 12 (RBstart=0)

	n66
	n48
	5
	15
	12 (RBstart=0)
	5
	27.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n66
	n48
	40
	15
	200 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 12 (RBstart=0)

	n66
	n48
	5
	15
	12 (RBstart=0)
	5
	1.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	
	
	

	n66
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n66
	n77
	20
	15
	100 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n66
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed

	n66
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n66
	n78
	20
	15
	100 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n66
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed

	n70
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n70
	n77
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n70
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed

	n70
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n70
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	UL2/DL1
	14
	13.9
	13.5

	
	
	
	
	
	
	
	direct-hit
	 - Keep 13.8dB MSD,
 - Change UL CBW to 5MHz and UL Lcrb to 25 (RBstart=0)

	n70
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	UL2/DL1
	
	
	

	
	
	
	
	
	
	
	near-miss
	Proposal 1: may be removed

	n71
	n210
	5
	15
	8 (RBstart=0)
	5
	10
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n71
	n71
	5
	15
	8 (RBstart=0)
	5
	14.6
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n71
	n2510,11
	5
	15
	8 (RBstart=0)
	5
	10
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n71
	n2510,11
	5
	15
	8 (RBstart=0)
	40
	2.1
	UL3/DL1
	3.3
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB

	n71
	n41
	5
	15
	16 (RBstart=0)
	10
	10.8
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n71
	n41
	5
	15
	25 (RBstart=0)
	100
	1.4
	UL4/DL1
	3.3
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n71
	n70
	5
	15
	8 (RBstart=0)
	5
	9.9
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n71
	n70
	5
	15
	20 (RBstart=0)
	25
	4.1
	UL3/DL1
	4.4
	4.2
	4.4

	
	
	
	
	
	
	
	direct-hit
	 - Keep 4.1dB MSD,
 - Change  UL Lcrb to 8 (RBstart=0)

	n71
	n78
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n85
	n66
	5
	15
	8 (RBstart=0)
	10
	10
	UL3/DL1
	 - Correct 10MHz DL CBW to 5MHz. Appears to be a copy and paste error during test point migration

	
	
	
	
	
	
	
	direct-hit
	

	n85
	n66
	5
	15
	20 (RBstart=0)
	40
	2.4
	UL3/DL1
	3.3
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 8 (RBstart=0)

	n85
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n85
	n77
	5
	15
	20 (RBstart=0)
	100
	0.7
	UL5/DL1
	3.1
	2.9
	2.8

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 2.9dB,
 - Change UL Lcrb to 10 (RBstart=0)

	n92
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n92
	n78
	5
	15
	25 (RBstart=0)
	100
	1
	UL4/DL1
	3.4
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n94
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	UL4/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n94
	n78
	5
	15
	25 (RBstart=0)
	100
	1.4
	UL4/DL1
	3.4
	3.1
	2.9

	
	
	
	
	
	
	
	direct-hit
	 - Consider changing MSD to 3.1dB,
 - Change UL Lcrb to 16 (RBstart=0)

	n105
	n7
	5
	15
	25 (RBstart=0)
	5
	14.6
	UL3/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	

	n105
	n78
	5
	15
	25 (RBstart=0)
	10
	10.4
	UL5/DL1
	
	
	

	
	
	
	
	
	
	
	direct-hit
	
	
	



[bookmark: _Hlk163210816]Observation 4: For PC3 Table 7.3A.4-1 direct-hit MSD test points: 
· Corrections are needed for all 2nd test points: either UL CBW, UL Lcrb, MSD or a combination of these three parameters.
· Direct-hit MSD test points are missing for CA_n18-n78, CA_n25-n48 and CA_n71-n77,
· DL CBW need to be corrected for CA_n12-n48, CA_n25-n48, CA_n28-n94, CA_n66-n85, 
· The UL5/DL1 test point for CA_n5-n77 may be removed.

Handling of CA_n2-n48/CA_n25-n48
Band n48 is affected by 2nd uplink harmonic “UL2” of Band n2 and Band n48. While only 1 near-miss MSD test point has been specified for CA_n25-n48, we observe that three test points are specified for CA_n2-n48: 2 direct hit test points and one near miss test point. In Figure 2 we bring measurement UL2 PSD measurements at 23dBm (orange) and 21dBm (red) using a PA that was calibrated for PC3 operation under the usual RAN4 assumptions. In Figure 2:
· The black rectangle shows the “UL2” boundaries of the band n2/n25 lowermost 5MHz channel configured with Lcrb=25 (RBSTART=0),
· The blue rectangle shows the boundaries of the band n48 affected uppermost 5MHz channel.
[image: A graph of a band signal

Description automatically generated with medium confidence]
[bookmark: _Ref163171240]Figure 2: Measured PC3 PA second harmonic (UL2) PSD of band n2/n25 lower-most 5MHz channel and DFT-s-OFDM QPSK SCS 15kHz waveform with LCRB = 25 RB. Vertical axis: 5dB/division.
Figure 2 shows that Band n48 is affected only by a near-miss UL harmonic collision, hence the CA_n2-n48 direct-hit test points should be removed. 
[bookmark: _Hlk163210884]Observation 5: Band n48 is affected only by near-miss UL harmonic collision for CA_n2-n48 and CA_n25-n48. Hence the direct-hit test points of CA_n2-n48 may be removed. 
PC3 and PC2 UL Harmonic Interference MSD corrections
Based on observation 3,4,5 we propose to adopt the following PC3 and PC2 MSD table corrections.

[bookmark: _Hlk163212020]Proposal 2: For PC3 Table 7.3A.4-1 direct-hit MSD test points, consider adopting the changes of Table 6 and, 

1. Introduce new test points for:
· CA_n18-n77 based on CA_n18-n78 requirements, 
· CA_n2-n48 based on CA_n25-n48 requirements, 
· CA_n71-n78 based on CA_n71-n77 requirements.
2. For DL band affected by a direct-hit UL2/DL1 interference:
· Remove UL2/DL1 near-miss test points, and,
· Add text to NOTE 2 “This DL band may be affected by near-miss interference for which the MSD is not specified.”
3. For CA-n2-n48, remove the UL2/DL1 direct-hit MSD test points,
4. For 2nd direct-hit MSD test points, adopt the UL CBW/Lcrb configuration of the 1st MSD test point, and correct the MSD level whenever applicable.
5. Correct remaining errors.

[bookmark: _Ref161852288]Table 6 Corrections to the PC3 UL harmonic MSD Table 7.3A.4-1

	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n1
	n77
	205
	15
	25 (RBstart=0)100 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n2
	n48
	5
	15
	25 (RBstart=0)
	5
	27.1
	NOTE 2
	UL2/DL1
direct-hit

	n2
	n48
	10
	15
	50 (RBstart=0)
	1007
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n2
	n48
	5
	15
	25 (RBstart=0)
	10
	1.9
	NOTE 6
	UL2/DL1
near-miss

	n2
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n2
	n77
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n2
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n2
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n2
	n78
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n2
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n3
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n77
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n5
	n411
	5
	15
	16 (RBstart=0)
	10
	10.3
	NOTE 3
	UL3/DL1
direct-hit

	n5
	n778
	5
	15
	16 (RBstart=0)
	10
	10.5
	NOTE 4
	UL4/DL1
direct-hit

	n5
	n778
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.42.9
	NOTE 4
	UL4/DL1
direct-hit

	n5
	n778
	5
	15
	16 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n5
	n778
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	0.72.9
	NOTE 5
	UL5/DL1
direct-hit

	n5
	n78
	5
	15
	16 (RBstart=0)
	10
	10.5
	NOTE 4
	UL4/DL1
direct-hit

	n5
	n78
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.42.9
	NOTE 4
	UL4/DL1
direct-hit

	n7
	n79
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n8
	n313
	N/A
	N/A
	N/A
	N/A
	N/A
	NOTE 2
	UL2/DL1
direct-hit

	n8
	n7
	5
	15
	8 (RBstart=0)
	5
	10
	NOTE 3
	UL3/DL1
direct-hit

	n8
	n7
	5
	15
	8 (RBstart=0)25 (RBstart=0)
	50
	1.12.6
	NOTE 3
	UL3/DL1
direct-hit

	n8
	n41
	5
	15
	16 (RBstart=0)
	10
	13
	NOTE 3
	UL3/DL1
direct-hit

	n8
	n41
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	3.54.5
	NOTE 3
	UL3/DL1
direct-hit

	n8
	n77
	5
	15
	16 (RBstart=0)
	10
	10.8
	NOTE 4
	UL4/DL1
direct-hit

	n8
	n77
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.43.1
	NOTE 4
	UL4/DL1
direct-hit

	n8
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	NOTE 4
	UL4/DL1
direct-hit

	n8
	n78
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.43.1
	NOTE 4
	UL4/DL1
direct-hit

	n8
	n79
	5
	15
	16 (RBstart=0)
	10
	12.0
	NOTE 5
	UL5/DL1
direct-hit

	n8
	n79
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	4.4
	NOTE 5
	UL5/DL1
direct-hit

	n12
	n48
	5
	15
	10 (RBstart=0)
	105
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n12
	n48
	5
	15
	10 (RBstart=0)25 (RBstart=0)
	40
	4.7
	NOTE 5
	UL5/DL1
direct-hit

	n12
	n66
	5
	15
	8 (RBstart=0)
	5
	10
	NOTE 3
	UL3/DL1
direct-hit

	n12
	n66
	5
	15
	8 (RBstart=0)20 (RBstart=0)
	40
	2.43.1
	NOTE 3
	UL3/DL1
direct-hit

	n12
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n12
	n77
	5
	15
	10 (RBstart=0)20 (RBstart=0)
	100
	0.72.9
	NOTE 5
	UL5/DL1
direct-hit

	n12
	n781
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n13
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n13
	n77
	5
	15
	10 (RBstart=0)20 (RBstart=0)
	100
	0.72,9
	NOTE 5
	UL5/DL1
direct-hit

	n14
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n14
	n77
	5
	15
	10 (RBstart=0)20 (RBstart=0)
	100
	0.72.9
	NOTE 5
	UL5/DL1
direct-hit

	n18
	n77
	5
	15
	16 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n18
	n77
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	0.72.9
	NOTE 5
	UL5/DL1
direct-hit

	n18
	n78
	5
	15
	16 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n20
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	NOTE 4
	UL4/DL1
direct-hit

	n20
	n78
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.03.1
	NOTE 4
	UL4/DL1
direct-hit

	n24
	n778
	5
	15
	25 (RBstart=0)
	10
	N/A
	NOTE 2
	UL2/DL1
direct-hit

	n25
	n48
	5
	15
	25 (RBstart=0)
	105
	1.9
	NOTE 6
	UL2/DL1
near-miss

	n25
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n25
	n77
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n25
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n25
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n25
	n78
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n25
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n26
	n778
	5
	15
	16 (RBstart=0)
	10
	N/A
	NOTE 4
	UL4/DL1
direct-hit

	n26
	n778
	5
	15
	16 (RBstart=0)
	10
	N/A
	NOTE 5
	UL5/DL1
direct-hit

	n26
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	NOTE 4
	UL4/DL1
direct-hit

	n26
	n78
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.43.1
	NOTE 4
	UL4/DL1
direct-hit

	n28
	n1
	5
	15
	8 (RBstart=0)
	5
	10.2
	NOTE 3
	UL3/DL1
direct-hit

	n28
	n1
	5
	15
	8 (RBstart=0)25 (RBstart=0)
	50
	1.12.7
	NOTE 3
	UL3/DL1
direct-hit

	n28
	n50
	5
	15
	12 (RBstart=0)
	5
	23.0
	NOTE 2
	UL2/DL1
direct-hit

	n28
	n50
	5
	15
	12 (RBstart=0)25 (RBstart=0)
	80
	10.8
	NOTE 2
	UL2/DL1
direct-hit

	n28
	n74
	5
	15
	12 (RBstart=0)
	5
	23.1
	NOTE 2
	UL2/DL1
direct-hit

	n28
	n74
	5
	15
	12 (RBstart=0)25 (RBstart=0)
	20
	16.8
	NOTE 2
	UL2/DL1
direct-hit

	n28
	n75
	5
	15
	12 (RBstart=0)
	5
	28.1
	NOTE 2
	UL2/DL1
direct-hit

	n28
	n75
	105
	15
	12 (RBstart=0)50 (RBstart=0)
	50
	18.7
	NOTE 2
	UL2/DL1
direct-hit

	n28
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n28
	n77
	5
	15
	10 (RBstart=0)25 (RBstart=0)
	100
	0.72.9
	NOTE 5
	UL5/DL1
direct-hit

	n28
	n78
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n28
	n78
	5
	15
	10 (RBstart=0)25 (RBstart=0)
	100
	0.72.9
	NOTE 5
	UL5/DL1
direct-hit

	n28
	n94
	5
	15
	12 (RBstart=0)
	5
	28.1
	NOTE 2
	UL2/DL1
direct-hit

	n28
	n94
	105
	15
	12 (RBstart=0)50 (RBstart=0)
	5020
	18.721.9
	NOTE 2
	UL2/DL1
direct-hit

	n66
	n48
	5
	15
	12 (RBstart=0)
	5
	27.1
	NOTE 2
	UL2/DL1
direct-hit

	n66
	n48
	405
	15
	12 (RBstart=0)200 (RBstart=0)
	1007
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n66
	n48
	5
	15
	12 (RBstart=0)
	5
	1.9
	NOTE 6
	UL2/DL1
near-miss

	n66
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n66
	n77
	205
	15
	25 (RBstart=0)100 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n66
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n66
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n66
	n78
	205
	15
	25 (RBstart=0)100 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n66
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n70
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n70
	n77
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n70
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n70
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n70
	n78
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n70
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss

	n71
	n210
	5
	15
	8 (RBstart=0)
	5
	10
	NOTE 3
	UL3/DL1
direct-hit

	n71
	n71
	5
	15
	8 (RBstart=0)
	5
	14.6
	NOTE 4
	UL4/DL1
direct-hit

	n71
	n2510,11
	5
	15
	8 (RBstart=0)
	5
	10
	NOTE 3
	UL3/DL1
direct-hit

	n71
	n2510,11
	5
	15
	8 (RBstart=0)
	40
	2.13.1
	NOTE 3
	UL3/DL1
direct-hit

	n71
	n41
	5
	15
	16 (RBstart=0)
	10
	10.8
	NOTE 4
	UL4/DL1
direct-hit

	n71
	n41
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.43.1
	NOTE 4
	UL4/DL1
direct-hit

	n71
	n70
	5
	15
	8 (RBstart=0)
	5
	9.9
	NOTE 3
	UL3/DL1
direct-hit

	n71
	n70
	5
	15
	8 (RBstart=0)20 (RBstart=0)
	25
	4.1
	NOTE 3
	UL3/DL1
direct-hit

	n71
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n71
	n78
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n85
	n66
	5
	15
	8 (RBstart=0)
	105
	10
	NOTE 3
	UL3/DL1
direct-hit

	n85
	n66
	5
	15
	8 (RBstart=0)20 (RBstart=0)
	40
	2.43.1
	NOTE 3
	UL3/DL1
direct-hit

	n85
	n77
	5
	15
	10 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n85
	n77
	5
	15
	10 (RBstart=0)20 (RBstart=0)
	100
	0.72.9
	NOTE 5
	UL5/DL1
direct-hit

	n92
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	NOTE 4
	UL4/DL1
direct-hit

	n92
	n78
	5
	15
	16 (RBstart=0)25 (RBstart=0)
	100
	1.03.1
	NOTE 4
	UL4/DL1
direct-hit

	n94
	n78
	5
	15
	16 (RBstart=0)
	10
	10.8
	NOTE 4
	UL4/DL1
direct-hit

	n94
	n78
	5
	15
	25 (RBstart=0)
	100
	1.4
	NOTE 4
	UL4/DL1
direct-hit

	n105
	n7
	5
	15
	25 (RBstart=0)
	5
	14.6
	NOTE 3
	UL3/DL1
direct-hit

	n105
	n78
	5
	15
	25 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	

NOTE 2:  The requirements should be verified for UL NR ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with carrier frequency in the victim (higher) band in MHz and  the channel bandwidth configured in the lower band. This DL band may be affected by near-miss interference for which the MSD is not specified.




Based on the same approach, we re-evaluate in Table 7 the band n78 PC2 MSD using MRC set#2 and find that the MSD level of the 2nd MSD deviates by less than 0.5dB from the agreed level of 16.9dB. Therefore, we propose to only correct the UL CBW and Lcrb configuration of the 2nd MSD test point.  

[bookmark: _Ref162010756]Table 7 CA_n3-n78 PC2 UL harmonic MSD re-evaluation assuming equal harmonic interference power “Pint” between primary and diversity antenna ports.
	Direct-hit PC2 UL harmonic MSD for CA_n3_n78
	1st MSD 
test point
	2nd MSD 
test point
	

	
	Prim.
	Div.
	Prim.
	Div.
	

	Antenna referred in-channel harmonic interference levels:
[primary/diversity] (dBm/MBW)
	-67.7
	-67.7
	-67.7
	-67.7
	

	Ideal REFSENS: [n77 10/100MHz] (dBm/MBW)
	-95.8
	-85.6

	Noise floor (dBm/MBW)
	-91.8
	-91.8
	-81.6
	-81.6
	

	Total noise level at antenna connector (dBm/MBW)
	-67.7
	-67.7
	-67.7
	-67.7
	

	Degradation: [n77 10/100MHz] (dB)
	24.1
	24.1
	14.1
	14.1
	

	Ideal REFSENS MRC degradation: [n77 10/100MHz] (dB)
	27.1
	17.00



[bookmark: _Hlk163212052]Proposal 3: For PC2 Table 7.3A.4-2a / Table 7.3A.4-2b, adopt the corrections of Table 8 based on agreed WF [3] new table template.

[bookmark: _Ref161852337]Table 8 Corrections to the Power Class 2 UL harmonic MSD Table 7.3A.4-2a / Table 7.3A.4-2b. 
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSDX
	MSDY
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	(dB)
	
	

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	27.1
	32.3
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	16.6
	N/A
	NOTE 2
	UL2/DL1
direct-hit

	



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 X:  Applicable to UE supporting PC2 with single Tx. 
NOTE Y:  Applicable to UE supporting PC2 with dual Tx.



3 Conclusion
In this contribution, based on Observation 1,2,3,4,5 and Proposal 1, we propose to adopt the PC3 MSD test point corrections of proposal 2 (Table 5) and the PC2 corrections of proposal 3 (Table 6). If agreed, we plan to mirror these changes to the EN-DC MSD tables and to bring companion change requests at RAN4 meeting #111. 
Also, based on observation 5, preliminary 2nd harmonic measurements (UL2) indicate that near-miss UL2 level may not always be 30dB lower than direct-hit. Near-miss MSD levels may need to be further checked at next meeting.
Proposal 1: To remove inconsistencies in the UL harmonic MSD test points and to simplify MSD analyses in TPs for TR, we propose to adopt the amendments highlighted in blue to the WF [1]:

Guidelines for the UL band configuration:
Adopt a unique and common UL configuration for the 1st and the 2nd “optional” direct-hit UL harmonic MSD test points:
· The UL band should be configured with the smallest UL CBW and the smallest SCS supported by the UL band, and with the UL RB allocation “Lcrb” and “RBstart” which ensures that the DL affected band RX CBW entirely overlaps the harmonic interference power spectral density (PSD).
· This ensures that the UL harmonic interference level is agnostic of the affected DL band CBW.

Guidelines for the DL band configuration
For both Tx harmonic direct hit and for Rx harmonic mixing, a maximum of two test points can be specified:
· one test point to capture the lowest DL channel bandwidth (CBW) MSD,
· one test point to capture the highest DL channel bandwidth (CBW) MSD. For this second test point, other DL configurations are not precluded.
For near-miss harmonic interference, 
· When the DL band may not be affected by a direct-hit collision, one near-miss MSD test point may be considered whenever applicable, and the MSD should be specified for the lowest DL band CBW. 
· When the DL band may be affected by an UL2/DL1 direct-hit collision, the near-miss MSD test point is not needed. Footnote 2 may be modified to inform RAN5 that the DL band may be affected by near-miss interference for which the MSD is not specified.

Proposal 2: For PC3 Table 7.3A.4-1 direct-hit MSD test points, consider adopting the changes of Table 6 and, 

6. Introduce new test points for:
· CA_n18-n77 based on CA_n18-n78 requirements, 
· CA_n2-n48 based on CA_n25-n48 requirements, 
· CA_n71-n78 based on CA_n71-n77 requirements.
7. For DL band affected by a direct-hit UL2/DL1 interference:
· Remove UL2/DL1 near-miss test points, and,
· Add text to NOTE 2 “This DL band may be affected by near-miss interference for which the MSD is not specified.”
8. For CA-n2-n48, remove the UL2/DL1 direct-hit MSD test points,
9. For 2nd direct-hit MSD test points, adopt the UL CBW/Lcrb configuration of the 1st MSD test point, and correct the MSD level whenever applicable.
10. Correct remaining errors.

Proposal 3: For PC2 Table 7.3A.4-2a / Table 7.3A.4-2b, adopt the corrections of Table 8 based on agreed WF [3] new table template.

Table 8 Corrections to the Power Class 2 UL harmonic MSD Table 7.3A.4-2a / Table 7.3A.4-2b 
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSDX
	MSDY
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	(dB)
	
	

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	27.1
	32.3
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	105
	15
	25 (RBstart=0)50 (RBstart=0)
	100
	16.6
	N/A
	NOTE 2
	UL2/DL1
direct-hit

	



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 X:  Applicable to UE supporting PC2 with single Tx. 
NOTE Y:  Applicable to UE supporting PC2 with dual Tx.
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