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1. Introduction
In this document, we evaluate the criteria for UL(n)/DL(m) harmonic mixing MSD, where m+n > 5.
2. Discussion
In previous 3GPP release, harmonic mixing UL(n)/DL(m) MSD was only considered for the total harmonic mixing order, m+n ≤ 5. In the latest release, CA_n39-n41, and CA_n48-n41 band combinations for PC3 were added with MSD values of [8.1] dB and 8.3 dB respectively. However, CA_n25-n41 PC3 was never considered in earlier or later releases until the PC2 was being considered for band n25, even though n25 and n39 share the similar TX frequency range.
Last meeting, a discussion was presented that justified the necessity for evaluation of harmonic mixing MSD for UL4/DL3 [1]. The result is reproduced below ion Table 2-1. 
Table 2-1: 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
	All
	N/A
	DL > 3GHz
	N/A
	All
	N/A
	All
	N/A

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

	DL4
	All
	N/A
	N/A
	N/A
	All
	N/A
	N/A
	N/A

	DL5
	All*
	All
	N/A
	N/A
	All
	All
	N/A
	N/A

	*: All Near miss shall be evaluated if there is no direct-hit case for the same UL and DL order


In this document we further discuss the criteria for UL4/DL3 evaluation in the context of UL(n)/DL3 in general to see if MSD is indeed justified for UL4/DL3.
Harmonic mixing involves down converting an aggressor signal that is the harmonic of the main DL signal. The 2 main considerations for harmonic mixing MSD are RX selectivity and the UL aggressor level. Both considerations are critical in meeting the core requirement. For example, a minimum level of RX selectivity is required to meet the OOB blocking at the OOB blocking exception level. Furthermore, the UL spurious level cannot exceed the general spurious limit. Both core requirements must be met with sufficient margin. Care must be taken not to over specify the harmonic mixing MSD, and these 2 criteria are helpful to determine whether the MSD is over specified.
Observation 1: Harmonic mixing MSD for higher orders ≥ 7 should only be considered when there is sufficient margin to pass the OOB blocking exception level and as well as to pass the general spurious emission limit at the aggressor frequency.
A first step is to check for the minimum required RX selectivity. A simple analysis can be done to check for the minimum RX selectivity required to pass the OOB blocking exception level core requirement where the OOB blocking exception level is -44dBm, and the wanted signal is set to REFSENS+6dB. The total RX selectivity is defined as the sum of the harmonic conversion gain and the RX filter rejection at the aggressor frequency. Figure 2-1 shows the margin to REFSENS+6dB Vs the total RX selectivity. The figure shows that at least 45dB of total RX selectivity is required. At the OOB exception level, it is wise to have some margin, so 55dB of selectivity is required to pass the OOB exception level comfortably. The minimum RX selectivity applies to any RX DL harmonic. For UL1/DL3, the RX selectivity maybe on the order of 85dB, so there is no issue for passing the OOB requirement at the exception level. For the UL1/DL3 case, it is merely a matter of passing the regular requirement.

[image: image1]
Figure 2-1: Margin to REFSEN+6dB Vs RX selectivity to pass -44dBm OOB exception level. This example uses the n41 REFSENS value of -94.8dBm for 10MHz RX channel BW.
Observation 2: At least 55dB of RX selectivity is required to pass the OOB blocking exception level with sufficient margin.
The second step is to check to make sure that sufficient margin to the general spurious limit exists at the UL aggressor frequency for the specified MSD level. If there is no margin to the spurious limit, then the MSD is over specified. An example plot is shown in Figure 2-2. It shows for a given MSD and RX selectivity, the UL aggressor spurious margin. The lower the margin, the higher the spurious level and MSD. Usually, the spurious margin is implementation dependent, and is a function of the PA harmonic level and TX OOB filtering rejection.
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Figure 2-2: Spurious margin for the UL4 aggressor assuming 55dB RX selectivity.
To sum up, we can analyse all the harmonic mixing cases for UL(n)/DL3. The table summary is large and shown in the appendix. A few main points arise from the table. 5 cases stand out where MSD seems to be over specified for the existing core requirements:
Observation 3:

· CA_n28-n40 UL1/DL3. The MSD is 37.8dB, but the RX selectivity is at least 10dB lower than other comparable low band combinations because the aggressor level is fixed at the fundamental TX power level. Increasing the RX selectivity brings the MSD value within the acceptable range of peers.
· CA_n46-n48, CA_n46-n77/n78 UL2/DL3. The MSD is ~22dB, but the RX selectivity is at a value with 0dB margin for OOB to pass the exception level AND there is also no margin to the spurious response limit.

· CA_n39-n41 UL4/DL3. For the given 8.1dB MSD, the spurious emission is ~4dB below the limit which is unusual for UL4 (-19dBc harmonic level at the PA output). More spurious margin is available if less RX selectivity is assumed, but that would mean less margin to pass the OOB blocking exception level.
Proposal 1: Harmonic mixing MSD analysis for orders > 5 is justified if the victim band passes the minimum RX selectivity criteria and the general spurious emission limit for the UL harmonic aggressor is met with sufficient margin.
3. Conclusion
Observation 1: Harmonic mixing MSD for higher orders > 5 should only be considered when there is sufficient margin to pass the OOB blocking exception level and as well as to pass the general spurious emission limit at the aggressor frequency.

Observation 2: At least 55dB of RX selectivity is required to pass the OOB blocking exception level with sufficient margin.

Observation 3:

· CA_n28-n40 UL1/DL3. The MSD is 37.8dB, but the RX selectivity is at least 10dB lower than other comparable low band combinations because the aggressor level is fixed at the fundamental TX power level. Increasing the RX selectivity brings the MSD value within the acceptable range of peers.

· CA_n46-n48, CA_n46-n77/n78 UL2/DL3. The MSD is ~22dB, but the RX selectivity is at a value with 0dB margin for OOB to pass the exception level AND there is also no margin to the spurious response limit.

· CA_n39-n41 UL4/DL3. For the given 8.1dB MSD, the spurious emission is ~4dB below the limit which is unusual for UL4 (-19dBc harmonic level at the PA output). More spurious margin is available if less RX selectivity is assumed, but that would mean less margin to pass the OOB blocking exception level.
Proposal 1: Harmonic mixing MSD analysis for orders > 5 is justified if the victim band passes the minimum RX selectivity criteria and the general spurious emission limit for the UL harmonic aggressor is met with sufficient margin.
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n1_n105_n105victim

n1 n105 5 15 25 (RBstart=0) 5 26.8 NOTE 4 UL1/DL3

-97.2 2 35 0 28 24 -54 -89

n2_n71_n71victim

n2 n71 5 15 25 (RBstart=0) 5 26.5 NOTE 4 UL1/DL3

-97.2 2 35 0 28 24 -54.3 -89.3

n7_n26_n26victim n7 n26 25 15 25 (RBstart=104) 5 2 NOTE 10 UL1/DL3

-97.6

2 35 -32.5 28 24 -55 -90

n25_n71_n71victim

n25 n71 5 15 25 (RBstart=0) 5 26.5 NOTE 4 UL1/DL3

-97.2 2 35 0 28 24 -54.3 -89.3

n40_n20_n20victim

n40 n20 5 15 25 (RBstart=0) 5 27.8 NOTE 4 UL1/DL3

-97 2 35 0 28 24 -52.8 -87.8

n40_n28_n28victim

n40 n28 5 15 25 (RBstart=0) 5 37.8 NOTE 4 UL1/DL3

-98.5 2 35 0 28 24 -44.3 -79.3

n41_n5_n5victim

n41 n5 10 15 25 (RBstart=0) 5 24.3 NOTE 4 UL1/DL3

-98 2 35 0 28 24 -57.3 -92.3

n41_n18_n18victim

n41 n18 5 15 25 (RBstart=0) 5 24.3 NOTE 4 UL1/DL3

-100 2 35 0 28 24 -59.3 -94.3

n102_n1_n1victim

n102 n1 20 15 100 (RBstart=0) 5 13.5 NOTE 4 UL1/DL3

-100 2 35 -15.6 28 24 -55 -90

n46_n48_n48victim

n46 n48 20 15 100 (RBstart=0) 5 22.6 NOTE 2 UL2/DL3

-99 20 15 -6.9 4.8 -30 -31.9 -46.9

n46_n77_n77victim

n46 n77 20 15 100 (RBstart=0) 10 21.8 NOTE 2 UL2/DL3

-95.3 20 15 -3.9 4.8 -30 -32 -47

n46_n78_n78victim

n46 n78 20 15 100 (RBstart=0) 10 21.8 NOTE 2 UL2/DL3

-95.8 20 15 -3.9 4.8 -30 -32.5 -47.5

n77_n7_n7victim

n77 n7 20 30 50 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3

-98 20 35 -1.3 -3 -35.2 -23.7 -58.7

n77_n30_n30victim

n77 n30 10 15 12 (RBstart=0) 5 10.4 NOTE 2 UL2/DL3

-99 20 15 0 -8.2 -34.7 -39 -54

n77_n40_n40victim

n77 n40 20 30 50 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3

-100 20 15 -1.3 -6.9 -39.1 -40 -55

n77_n41_n41victim

n77 n41 20 30 50 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3

-94.8 20 15 -1.3 -3.7 -35.9 -38 -53

n78_n40_n40victim

n78 n40 20 30 50 (RBstart=0) 5 10.4 NOTE 2 UL2/DL3

-100 20 15 -3.9 -4.3 -36.5 -40 -55

n78_n41_n41victim

n78 n41 20 30 50 (RBstart=0) 10 10.4 NOTE 2 UL2/DL3

-94.8 20 15 -1.3 -3.7 -35.9 -38 -53

n39_n41_n41victim

n39 n41 5 15 25 (RBstart=0) 5 [8.1] NOTE 11 UL4/DL3

-98 30 15 -3.3 3.8 -34.2 -40 -55

n25_n41_n41victim

n25 n41 5 15 25 (RBstart=0) 5 [TBD] NOTE 11 UL4/DL3

-98 30 15 -3.3 -7.4 -45.4 -40 -55

n41_n48_n48victim

n41 n48 10 30 24 (RBstart=0) 10 8.3 NOTE 9 UL4/DL3

-95.8 20 15 0 -6.9 n28_n40 -40 -55
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