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1	Background
[bookmark: _Hlk149936446]In RAN4#109, even harmonic mixing issue was discussed in [2, 3] and a CR was agreed on the topic for the SimBC TR [1]. In this contribution, we provide proposals to finalize the harmonic mixing orders to be considered, applicable DL frequency ranges, where needed, and propose a new table template covering UL harmonics and harmonic mixing. This proposal is part of a package to enhance the block approval process in view of Release 19 as described in [4].
2 Discussion
2.1 Current agreements
Current agreements are reflected in [1] in section 6.5.1 and the UL/DL order matrix for PC3+PC5 and PC2+PC1.5 are copied in Table 1 below. The cells in green have cases specified in 38.101-1 for PC3.

Table 1: harmonic mixing rules of analysis applicability
	
	PC3 and PC5 of UL band
	PC2 and PC1.5 of UL band

	 
	UL1
	UL2
	UL3
	UL4
	UL1
	UL2
	UL3
	UL4

	DL2
	TBD
	N/A
	DL > 3GHz
	N/A
	TBD
	N/A
	All
	N/A

	DL3
	All
	All
	N/A
	TBD
	All
	All
	N/A
	TBD

	DL4
	TBD
	N/A
	DL > [3 or 5]GHz
	N/A
	All
	N/A
	DL > [3]GHz
	N/A

	DL5
	All
	TBD
	N/A
	N/A
	All
	TBD
	N/A
	N/A



Observations:
· UL3/DL2 cases are agreed
· There are tentative values for UL3/DL4
· UL1/DL2 and UL1/DL4 are TBD 
· UL2/DL5 and UL4/DL3 are TBD and the later exists in 38.101-1

In this contribution we discuss the above cases and make proposals.
2.2 Analysis of the UL harmonic levels and receiver harmonic responses
In order to assess other cases, one aspect is that for a given DL order, the MSD for different UL orders only depend on the UL power level and the level of attenuation at the DL(X) frequency. This exactly what happens for the UL harmonics where the MSD into DL1 only depends on the power level that reaches the receiver.

In Table 2 we show the MSD levels for different harmonics a 5MHz UL into a 10MHz DL. In most cases it corresponds to the worst-case test point for the UL harmonic MSD in Table 7.3A.4-1 in 38.101-1. In some cases, the DL bandwidth is 5MHz and the MSD was simply corrected by 3dB to normalize to 10MHz (it is understood that 3dB is not the exact number but with MSDs>10dB the error is small enough for the purpose of comparing the different harmonic levels).

One thing that was observed is that some values seem 3dB “off”. This is most likely due to copy and paste of the MSD value, while the DL CBW was 5MHz vs 10MHz (and vice-versa). Nevertheless, this does not affect the average by much and anyhow a lot of the values are redundant as they are simply copied. With this data we can investigate an average MSD per UL harmonic (rounded to the next 0.5 dB at the bottom of the table).

Table 2: MSD for UL(N) harmonic of 5MHz UL into 10MHz DL
	UL2
	UL3
	UL4
	UL5

	UL
	DL
	MSD
	UL
	DL
	MSD
	UL
	DL
	MSD
	UL
	DL
	MSD

	n1
	n77
	23.9
	n5
	n41
	10.3
	n5
	n77/78
	10.5
	n5
	n77
	10.4

	n2
	n48
	24.1
	n8
	n7
	7
	n8
	n77/78
	10.8
	n8
	n79
	12

	n2
	n77/78
	23.9
	n8
	n41
	13
	n20
	n78
	10.8
	n12
	n48
	10.4

	n3
	n77/78
	23.9
	n12
	n66
	7
	n26
	n78
	10.8
	n12
	n77/78
	10.4

	n25
	n77/78
	23.9
	n28
	n1
	7.2
	n71
	n7
	11.6
	n13
	n77
	10.4

	n28
	n50
	20
	n71
	n2
	7
	n71
	n41
	10.8
	n14
	n77
	10.4

	n28
	n74
	20.1
	n71
	n25
	7
	n92
	n78
	10.8
	n18
	n77
	10.4

	n28
	n75/n94
	25.1
	n71
	n70
	9.9
	n94
	n78
	10.8
	n28
	n77/78
	10.4

	n66
	n48
	24.1
	n85
	n66
	10
	
	
	
	n71
	n78
	10.4

	n66
	n77/78
	23.9
	n105
	n7
	11.6
	
	
	
	n85
	n77
	10.4

	n70
	n77/78
	23.9
	
	
	
	
	
	
	n105
	n78
	10.4

	~average
	23
	~average
	9
	~average
	11
	~average
	10.5



Observation: 
· The UL harmonic MSD level is 23/9/11/10.5dB for UL2/3/4/5 respectively
· UL3/4/5 have about the same level of 10dB
· UL2 is 13dB above UL3/4/5

Based on the above, we can assume that for harmonic mixing, the UL3/4 levels reaching the receiver are about the same, while UL2 is 13dB above. Then the only differences versus DL order are linked to:
· The receiver selectivity at the different DL orders increases with DL harmonic order but will plateau at some level for the higher orders. Also, the selectivity is mainly related to the front end since current transceiver receive paths are wideband to allow the support of multiple bands and band combinations with a reasonable number of paths.
· Odd order receiver harmonic response decay in a similar way as the Fourier coefficients of a square waveform representative of the mixer switching with the LO. 4/Pi for DL1, 4/(3*Pi) for DL3, 4/(5*Pi) for DL5.
· DL5 harmonic response is about 4.5dB lower than DL3 and DL3 response is about 9.5dB lower than for DL1
· For this exercise and assuming that the switching is slew rate limited, we can use a 6dB difference between DL5 and DL3 harmonic mixing response when we exclude any selectivity. As with the UL harmonics we can assume higher selectivity for DL5 than DL3. 
· Even order receiver harmonic response should not exist if the mixer switching has an exact 50% duty cycle and also has cancellation mechanisms for DL2 due to balanced mixer architecture and furthermore for DL4 with the IQ quadrature architecture. In real implementations though, the cancellation is not perfect due to non-50% duty cycle, and imbalances due to differences in LO duty cycle, DC offset, up/down slew rate and delays.

To bring the reasoning further, we now must compare the different UL(N)/DL(M) orders. First find those that are logically covered by another, then focus on Even and odd orders of the DL as we already have a ranking for the UL based on the UL MSD value per UL harmonic order.

As a general principle, UL(N)/DL(N) direct hit is unlikely as it would mean that the UL1 and DL1 frequencies overlap which would be a far more critical issue. Thus UL2/DL2, UL3/DL3, UL4/DL4 and UL5/DL5 can be ignored.
2.3 Analysis of the even DL harmonic mixing cases
As a general principle, for even DL (N):
· If UL2/DL4 direct hit happens then it is already covered by a UL1/DL2 direct hit. Thus UL2/DL4 can be ignored
· Similarly, if UL4/DL2 direct hit happens then it is already cover by a UL2/DL1 direct hit. Thus UL4/DL2 can be ignored.

UL3/DL2: Values are agreed:
· DL > 3GHz for PC3/5 and all bands for PC2/PC1.5 are agreed
· This means DL2 and UL3 frequencies are >6GHz for PC3/5
· This means UL>2GHz for PC3/5.

UL3/DL4: The DL4 harmonic response is lower than the DL2 when at the same frequency:
· Compared to DL2, DL4 response benefits from further quadrature rejection
· Compared to DL2, DL4 sees more filtering in the TRX
· DL > 5GHz for PC3/5 and DL >3GHz for PC2/PC1.5 are justified
· This means DL4 and UL3 frequencies are >20GHz for PC3/5 and >12GHz for PC2/1.5
· This implies that UL1 frequencies are > 6.6GHz which is limited to n96 and n104 for PC3/5, we could round to UL>6.4GHz such that n104 is fully included
· And UL1 >4GHz for PC2/1.5 we could round to UL>4.2GHz such that bands n77 is excluded. 

Based on the agreements for UL3/DL2 or UL3/DL4, we can deduct the related UL1 cases.

UL1/DL2: The UL1/DL2 harmonic response is much larger than UL3/DL2:
· UL1 power can be >40dB higher than UL3 and does not benefit from any filtering at the transmitter
· UL1/DL2 should be considered for MSD for all frequencies for all power classes.

UL1/DL4: The UL1/DL4 harmonic response is much larger than UL3/DL4:
· UL1 power can be >40dB higher than UL3 and does not benefit from any filtering at the transmitter
· Compared to DL2, DL4 response benefits from further quadrature rejection
· Compared to DL2, DL4 sees more filtering in the TRX
· UL1/DL4 should be considered for MSD for DL > 1GHz for PC3/5 and all bands for PC2/1.5
· This means DL4 and UL1 frequencies are >4GHz for PC3/5 for convenience we can use UL>4.2GHz such that bands n77 is excluded.
2.4 Analysis of the odd DL harmonic mixing cases
As a general principle, for odd DL (N): There is no reason to consider UL(N)/(M) with N+M>7 as for UL harmonics we stop at UL5/DL1. Thus UL3/DL5 and UL5/DL3 can be ignored.

Given the cases that are logically eliminated or already agreed, the only two odd order DL cases left to analyze are UL4/DL3 and UL2/DL5. As discussed above, we already have:
· 13dB difference between UL2 and UL5 levels reaching the receiver 
· 6dB higher harmonic response of DL3 versus DL5 without selectivity but we can assume that the receiver has at least higher rejection at DL5 than DL3.

To then decide on the criteria for these cases, we need to compare with the other cases:
· First, we can compare UL4/DL3 with UL3/DL2: 
· UL4 and UL3 reach the receiver at similar levels but DL3 response is 10s of dB higher than DL2 even with the added selectivity for DL3 vs DL2
· UL4/DL3 should be considered with tighter criteria than UL3/DL2
· UL4/DL3 should be considered for DL>1GHz for PC3/5 and all bands for PC2/1.5
· This means UL4 and DL3 >3GHz which then means UL>0.75GHz, which we can simplify to all UL bands for PC3/5 except the 450MHz bands.
· Next, we can compare UL2/DL5 with UL2/DL3 and UL3/DL4: 
· UL2 reach the receiver at a 13dB higher level than UL3 and DL5 response is lower than DL3 but higher than DL4.
· DL5 may have only little additional selectivity compared to DL4 and together with the higher UL2 power and higher DL5 response, UL2/DL5 should be considered with tighter criteria than UL3/DL4 and similar UL5/DL3
· UL2/DL5 should be considered for DL>1GHz for PC3/5 and all bands for PC2/1.5
· This means UL2 and DL5 >3GHz which then means UL>1.5GHz for PC3/5.
2.4 Proposed orders and conditions on harmonic mixing cases
First rather than using a DL frequency criterion, it is more useful to use the UL frequency criterion as it clearly shows the cases should be considered or ignored if the UL frequency is within FR1 or not.
Proposal on harmonic mixing orders to be considered and associated conditions on UL frequencies: the following table is used to determine which harmonic mixing cases should be studied. 
Table 3: harmonic mixing rules of analysis applicability
	
	PC3 and PC5 of UL band
	PC2 and PC1.5 of UL band

	 
	UL1
	UL2
	UL3
	UL4
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	N/A
	UL > 2GHz
	N/A
	All
	N/A
	All
	N/A

	DL3
	All
	All
	N/A
	All*
	All
	All
	N/A
	All

	DL4
	UL > 4.2GHz
	N/A
	UL > 6.4GHz
	N/A
	All
	N/A
	UL > 4.2GHz
	N/A

	DL5
	All
	UL > 1.5GHz
	N/A
	N/A
	All
	All
	N/A
	N/A

	*: All UL band except 450MHz bands


2.4 Improved tables combining UL harmonic and harmonic mixing cases
The matrix format is helpful to visualize which harmonic mixing cases to consider and if added with the UL harmonic table, provides a compact view of both UL harmonic and harmonic mixing issues that are specified in the same section of 38.101-1 but in different tables.
With this, we would like to propose a matrix format for the TP template for 2DL/1UL TR in the scope of the Release 19 block approval process improvement discussed in [4].
Proposal on new table format for UL harmonic and harmonic mixing table:
· The below table is used in the two DL one UL section of the block approval TPs.
· When a collision is detected with an overlap of ULX range with DLY range, the ULX/DLY cell is marked “D” for direct hit (red highlight)
· When ULX range is less than X times the UL channel bandwidth away from DLY range, the ULX/DLY cell is marked “N” for Near miss (orange highlight) and only the orders where X+Y<5 are considered.
· A specific row is added to capture conclusions on the UL harmonic and harmonic mixing analysis.
· Notes are provided for guidance and harmonic mixing cases that are conditional to an UL harmonic range.


Table 4: UL/DL harmonics collision table
	UL/DL
harmonics
	nX
	UL1
	UL2
	UL3
	UL4
	UL5
	
MSD type

	
	fLow
	fULlow
	2*fULlow
	3*fULlow
	4*fULlow
	5*fULlow
	

	nY
	fLow
	fHigh
	fULhigh
	2*fULhigh
	3*fULhigh
	4*fULhigh
	5*fULhigh
	

	DL1
	fDLlow
	fDLhigh
	N/A
	
	
	
	
	UL harmonic

	DL22
	2*fDLlow
	2*fDLhigh
	
	N/A
	
	N/A
	N/A
	Harmonic mixing

	DL32
	3*fDLlow
	3*fDLhigh
	
	
	N/A
	
	N/A
	

	DL42
	4*fDLlow
	4*fDLhigh
	
	N/A
	
	N/A
	N/A
	

	DL52
	5*fDLlow
	5*fDLhigh
	
	
	N/A
	N/A
	N/A
	

	Analysis
	text

	UL/DL
harmonics
	nY
	UL1
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	fULlow
	2*fULlow
	3*fULlow
	4*fULlow
	5*fULlow
	

	nX
	fLow
	fHigh
	fULhigh
	2*fULhigh
	3*fULhigh
	4*fULhigh
	5*fULhigh
	

	DL1
	fDLlow
	fDLhigh
	N/A
	
	
	
	
	UL harmonic

	DL22
	2*fDLlow
	2*fDLhigh
	
	N/A
	
	N/A
	N/A
	Harmonic mixing

	DL32
	3*fDLlow
	3*fDLhigh
	
	
	N/A
	
	N/A
	

	DL42
	4*fDLlow
	4*fDLhigh
	
	N/A
	
	N/A
	N/A
	

	DL52
	5*fDLlow
	5*fDLhigh
	
	
	N/A
	N/A
	N/A
	

	Analysis
	text

	Note 1: When a collision is detected with an overlap of UL(X) range with DL(Y) range, the UL(X)/DL(Y) cell is marked “D” for direct hit. When UL(X) range is less than an X*ULCBW away from DL(Y) range, the UL(X)/DL(Y) cell is marked “N” for Near miss and only the orders where X+Y<5 are considered.
Note 2: Conditions on UL frequency apply for some ULX/DLY harmonic mixing case for PC3/5: UL>2GHz for UL3/DL2, all UL except 450MHz bands for UL4/DL3, UL>4.2GHz for UL1/DL4, UL>6.4GHz for UL3/DL4, UL>1.5GHz for UL2/DL5



2.5 CA_n1-n102 example
[bookmark: _Hlk158933915]Table 4: UL/DL harmonics collision table for CA_n1-n102
	UL/DL
harmonics
	n102
	UL1
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	5945
	11890
	17835
	23780
	29725
	

	n1
	fLow
	fHigh
	6425
	12850
	19275
	25700
	32125
	

	DL1
	2110
	2170
	N/A
	-
	-
	-
	-
	UL harmonic

	DL22
	4220
	4340
	-
	N/A
	-
	N/A
	N/A
	Harmonic mixing

	DL32
	6330
	6510
	D
	-
	N/A
	-
	N/A
	

	DL42
	8440
	8680
	-
	N/A
	-
	N/A
	N/A
	

	DL52
	10550
	10850
	-
	-
	N/A
	N/A
	N/A
	

	Analysis
	Direct hit n102 UL1 / n1 DL3

	UL/DL
harmonics
	n1
	UL1
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	1920
	3840
	5760
	7680
	9600
	

	n102
	fLow
	fHigh
	1980
	3960
	5940
	7920
	9900
	

	DL1
	5945
	6425
	N/A
	-
	N
	-
	-
	UL harmonic

	DL22
	11890
	12850
	-
	N/A
	-
	N/A
	N/A
	Harmonic mixing

	DL32
	17835
	19275
	-
	-
	N/A
	-
	N/A
	

	DL42
	23780
	25700
	-
	N/A
	-
	N/A
	N/A
	

	DL52
	29725
	32125
	-
	-
	N/A
	N/A
	N/A
	

	Analysis
	Near miss n1 UL3 / n102 DL1 (5MHz)

	Note 1: When a collision is detected with an overlap of UL(X) range with DL(Y) range, the UL(X)/DL(Y) cell is marked “D” for direct hit. When UL(X) range is less than an X*ULCBW away from DL(Y) range, the UL(X)/DL(Y) cell is marked “N” for Near miss and only the orders where X+Y<5 are considered.
Note 2: Conditions on UL frequency apply for some ULX/DLY harmonic mixing case for PC3/5: UL>2GHz for UL3/DL2, all UL except 450MHz bands for UL4/DL3, UL>4.2GHz for UL1/DL4, UL>6.4GHz for UL3/DL4, UL>1.5GHz for UL2/DL5



3 Conclusion
In this contribution, we discussed the question raised about the need to specify UL1/DL4 harmonic mixing MSD and make the following proposal for a complete harmonic mixing table. We also adapted the table format for better detection of UL harmonic and harmonic mixing issues.
Proposal on harmonic mixing orders to be considered and associated conditions on UL frequencies: the following table is used to determine which harmonic mixing cases should be studied. 
Table 3: harmonic mixing rules of analysis applicability
	
	PC3 and PC5 of UL band
	PC2 and PC1.5 of UL band

	 
	UL1
	UL2
	UL3
	UL4
	UL1
	UL2
	UL3
	UL4

	DL2
	All
	N/A
	UL > 2GHz
	N/A
	All
	N/A
	All
	N/A

	DL3
	All
	All
	N/A
	All*
	All
	All
	N/A
	All

	DL4
	UL > 4.2GHz
	N/A
	UL > 6.4GHz
	N/A
	All
	N/A
	UL > 4.2GHz
	N/A

	DL5
	All
	UL > 1.5GHz
	N/A
	N/A
	All
	All
	N/A
	N/A

	*: All UL band except 450MHz bands



Proposal on new table format for UL harmonic and harmonic mixing table:
· The below table is used in the two DL one UL section of the block approval TPs.
· When a collision is detected with an overlap of ULX range with DLY range, the ULX/DLY cell is marked “D” for direct hit (red highlight)
· When ULX range is less than X times the UL channel bandwidth away from DLY range, the ULX/DLY cell is marked “N” for Near miss (orange highlight) and only the orders where X+Y<5 are considered.
· A specific row is added to capture conclusions on the UL harmonic and harmonic mixing analysis.
· Notes are provided for guidance and harmonic mixing cases that are conditional to an UL harmonic range.

Table 4: UL/DL harmonics collision table
	UL/DL
harmonics
	nX
	UL1
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	fULlow
	2*fULlow
	3*fULlow
	4*fULlow
	5*fULlow
	

	nY
	fLow
	fHigh
	fULhigh
	2*fULhigh
	3*fULhigh
	4*fULhigh
	5*fULhigh
	

	DL1
	fDLlow
	fDLhigh
	N/A
	
	
	
	
	UL harmonic

	DL22
	2*fDLlow
	2*fDLhigh
	
	N/A
	
	N/A
	N/A
	Harmonic mixing

	DL32
	3*fDLlow
	3*fDLhigh
	
	
	N/A
	
	N/A
	

	DL42
	4*fDLlow
	4*fDLhigh
	
	N/A
	
	N/A
	N/A
	

	DL52
	5*fDLlow
	5*fDLhigh
	
	
	N/A
	N/A
	N/A
	

	Analysis
	text

	UL/DL
harmonics
	nY
	UL1
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	fULlow
	2*fULlow
	3*fULlow
	4*fULlow
	5*fULlow
	

	nX
	fLow
	fULhigh
	fULhigh
	2*fULhigh
	3*fULhigh
	4*fULhigh
	5*fULhigh
	

	DL1
	fDLlow
	fDLhigh
	N/A
	
	
	
	
	UL harmonic

	DL22
	2*fDLlow
	2*fDLhigh
	
	N/A
	
	N/A
	N/A
	Harmonic mixing

	DL32
	3*fDLlow
	3*fDLhigh
	
	
	N/A
	
	N/A
	

	DL42
	4*fDLlow
	4*fDLhigh
	
	N/A
	
	N/A
	N/A
	

	DL52
	5*fDLlow
	5*fDLhigh
	
	
	N/A
	N/A
	N/A
	

	Analysis
	text

	Note 1: When a collision is detected with an overlap of UL(X) range with DL(Y) range, the UL(X)/DL(Y) cell is marked “D” for direct hit. When UL(X) range is less than an X*ULCBW away from DL(Y) range, the UL(X)/DL(Y) cell is marked “N” for Near miss and only the orders where X+Y<5 are considered.
Note 2: Conditions on UL frequency apply for some ULX/DLY harmonic mixing case for PC3/5: UL>2GHz for UL3/DL2, all UL except 450MHz bands for UL4/DL3, UL>4.2GHz for UL1/DL4, UL>6.4GHz for UL3/DL4, UL>1.5GHz for UL2/DL5
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