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Introduction
In the RAN4#108 meeting, we provided a discussion paper [1] to go through the whole discussion and official agreements on MSD due to harmonic mixing issue. And we tried to reach a consensus on some general rules of how to specify the harmonic mixing MSD. This topic was discussed extensively.
[bookmark: _Hlk149851285]In the RAN4#108bis meeting, the MSD due to Even harmonic mixing was discussed in the paper [2]. A good question was proposed: which DL frequency range and power level should be specified for different even harmonic mixing MSD with the following proposals.

Proposal: Even harmonic mixing MSD should be investigated and specified if necessary, for:
1. UL1/DL2 for all FR1 DL bands and all power classes
1. UL1/DL4 for all FR1 DL bands for PC2 and PC1.5 and for DL bands >1GHz for PC3
1. UL3/DL2 for all FR1 DL bands >3GHz for PC3 and >1GHz for PC2 and PC1.5
1. UL3/DL4 for all FR1 DL bands >5GHz for PC5 and PC3 and >3GHz for PC2 and PC1.5.

In this paper, we’d like to share our views on this topic.
Discussion
Referring to the discussion papers [3][4][5][6][7], the Rx 2nd and 3rd harmonic rejection of Receiver LO from companies’ contributions are summarized below.
Table 1 The summary of Rx harmonic rejection of Receiver LO
	Rx harmonic order
	Proposed Values

	Rx 3rd harmonic rejection of Receiver LO
	20dB [3]
30dB [4]

	Rx 2nd harmonic rejection of Receiver LO
Rx 2nd harmonic rejection of Receiver LO for DL band above 1.7GHz
Rx 2nd harmonic rejection of Receiver LO for DL band above 1.7GHz
	At least 60dB [5]
46dB [6]
52dB [7]



Ccurrent harmonic mixing cases in 38.101-1 in the last column of the table were summarized below: 

Table 2 Current harmonic mixing cases in 38.101-1
	UL band
	Power Class
	DL band
	DL band range
	UL/DL collision
	Case specified

	n3
	PC3
	n26
	<1GHz
	UL1/DL2
	Yes for all power classes

	n7
	PC3
	n71
	<1GHz
	UL1/ DL4
	No for PC3

	n40
	PC3
	n77/78
	>3GHz
	UL3/DL2
	Yes for all power classes

	n41
	PC3
	n39
	>1GHz and <3 GHz
	UL3/DL4
	No for all power classes

	n41
	PC3
	n77/78
	>3GHz
	UL3/DL2
	Yes for all power classes

	n46
	PC5
	n7
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes

	n77
	PC3/2/1.5
	n2
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes

	n77
	PC3/2/1.5
	n25
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes 

	n77
	PC2/PC1.5
	n3
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes (PC3 missing?)

	n77
	PC2/PC1.5
	n5
	<1GHz
	UL1/DL4
	Yes for PC2/PC1.5

	n77
	PC3
	n8
	<1GHz
	UL1/DL4
	No for PC3

	n77
	PC3
	n70
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes

	n78
	PC2
	n3
	>1GHz and <3 GHz
	UL1/DL2
	Yes for all power classes (PC3 missing?)

	n78
	PC2
	n8
	<1GHz
	UL1/DL4
	Yes for PC2



CA_n5-n77 is the first band combination that the MSD in DL band n5 below 1GHz is introduced due to 4th order harmonic mixing in Rel-16.
CA_n3-n26 is the first band combination that the MSD in DL band n26 below 1GHz is introduced due to 2nd order harmonic mixing in Rel-18.
However, MSD for these two highlighted band combinations were introduced without any specific technical investigation.
Referring to TS 38.101-1-gh0, the MSD exceptions due to due to harmonic mixing for CA in NR FR1 are copied below.
	[bookmark: _Hlk515991175]Table 7.3A.4-4: Reference sensitivity exceptions due to harmonic mixing for CA in NR FR1
	NR Band / Channel bandwidth of the affected DL band

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

	n25
	n713,4
	26.5
	23.3
	20.9
	15.3
	
	
	
	
	
	
	
	
	

	n40
	n284
	37.8
	34.8
	33
	30.3
	
	
	
	
	
	
	
	
	

	n77
	n2
	6.7
	5.0
	4.0
	3.7
	
	
	
	
	
	
	
	
	

	n77
	n5
	5.7
	4.0
	3.0
	2.7
	
	
	
	
	
	
	
	
	

	n78
	n402
	10.4
	10.4
	10.4
	10.4
	
	
	7.2
	6.2
	5.5
	
	4.5
	
	

	n78
	n412
	
	10.4
	10.4
	10.4
	
	
	8.2
	7.6
	7.3
	
	6.6
	6.4
	6.3

	n79
	n85
	25
	21.8
	19.4
	13.8
	
	
	
	
	
	
	
	
	

	NOTE 1:	 Void.

NOTE 2:	The requirements should be verified for DL NR-ARFCN of the Victim (lower) band (superscript LB) such that  with the DL carrier frequency in the lower band and  the UL carrier frequency in the higher band, both in MHz.
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 requirements should be verified for DL EARFCN of the victim (lower) band (superscript LB) such that   with  the DL carrier frequency in the lower band and  the UL carrier frequency in the higher band, both in MHz.







Table 7.3B.2.3.2-1 of TS 38.101-3 is shown below.
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

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

	1
	n714
	26.8
	23.6
	21.2
	15.6
	
	
	
	
	
	
	

	2
	n714
	26.8
	23.6
	21.2
	15.6
	
	
	
	
	
	
	

	n38
	59
	N/A
	N/A
	
	
	
	
	
	
	
	
	

	n40
	284
	37.8
	34.8
	33
	30.3
	
	
	
	
	
	
	

	n41
	264
	24.3 
	24.3
	22.5
	N/A
	
	
	
	
	
	
	

	48
	n122
	31
	28
	
	
	
	
	
	
	
	
	

	n77
	3
	5.7
	4.0
	3.0
	2.7
	
	
	
	
	
	
	

	n78
	3
	5.7
	4.0
	3.0
	2.7
	
	
	
	
	
	
	



Obviously, it’s lack of technical analysis about Rx 4th harmonic rejection of Receiver LO for DL band below 1.0 GHz. And the MSD value should not be same as the 2nd order harmonic mixing MSD of victim band 3 from aggressor band n78 for DC_3_n78.

Referring to the TR 38.718-02-01 [8], the REFSENS analysis in clause 5.2.1.5 is copied below.
	[bookmark: _Toc30967][bookmark: _Toc7592][bookmark: _Toc1060][bookmark: _Toc1164][bookmark: _Toc27074][bookmark: _Toc16562][bookmark: _Toc2426][bookmark: _Toc25986][bookmark: _Toc12005][bookmark: _Toc26042][bookmark: _Toc9991]5.2.1.5 		REFSENS requirements
As can be seen in the co-existence studies in 5.2.1.3 there are no harmonics issues.
Based on the co-existence studies there are 2nd harmonic mixing from band n26 DL into band n3 UL. MSD values based on CA_n2-n77 corrected for lower Rx harmonic mixing gain for band n26.
Table 5.2.1.5-1: Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for DL NR CA FR1
	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)
	
	

	n3
	n26
	5
	15
	25 (RBstart=0)
	5
	3.7
	NOTE 1
	UL1/DL2






For CA_n3-n26, the MSD due to 2nd harmonic mixing is 3dB less than the MSD due to 2nd harmonic mixing for CA_n2-n77 without any technical reason. However, in LTE phase, both CA_3-5 and CA_4-5 were specified without any degradation and they were deployed so well without any issues. 
Observation 1: The even order harmonic mixing MSD on DL bands below 1GHz were specified without any technical analysis. And it’s contradicted with LTE specification logically.
As the main issue is which DL frequency range and power level should be specified for different even harmonic mixing MSD. I summarized the following table based on the previous agreement and specification logic.

Table 3 Which DL frequency range and power level should be specified for different even harmonic mixing MSD.
	
	1UL/2DL and 1UL/4DL cases

	
	Victim bands below 1.7GHz
	Victim bands above 1.7GHz

	PC3 in Aggressor bands
	There is no degradation cases in LTE spec for 1UL/2DL and 1UL/4DL cases. For NR, it’s proposed to follow the same requirement.
	Based on Rel-16 agreement: MSD due to 1UL/2DL will be considered.

	PC2 in Aggressor bands
	Up to 3dB MSD for 1UL/2DL and 1UL/4DL cases
	Additional 3dB based on the evaluation from PC3 aggressor band.

	PC1.5 in Aggressor bands
	Up to 6dB MSD for 1UL/2DL and 1UL/4DL cases
	Additional 6dB based on the evaluation from PC3 aggressor band.



Proposal 1: In order to align with LTE spec as much as possible, it’s proposed to remove the MSD test configurations due to 2nd and 4th order harmonic mixing in victim bands below 1.7GHz when the aggressor band is power class 3.
Summary
Observation 1: The even order harmonic mixing MSD on DL bands below 1GHz were specified without any technical analysis. And it’s contradicted with LTE specification logically.
[bookmark: _GoBack]Proposal 1: In order to align with LTE spec as much as possible, it’s proposed to remove the MSD test configurations due to 2nd and 4th order harmonic mixing in victim bands below 1.7GHz when the aggressor band is power class 3.
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