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1. Introduction
In this document, we discuss options for specifying triple beat MSD in a 3rd DL band.
2. Discussion
In previous meeting, it was agreed to discuss triple beat detection and analysis for triple beat MSD test point in a 3rd DL band [1]. Various band combinations were introduced in the last meeting [2] [3]. The detection criteria were clearly stated and reproduced below in Figure 2-1.
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Figure 2-1: Triple Beat Criteria in a 3rd DL band

Upon closer inspection, the triple beat product is exactly midway between IMD3 products. More specifically, TB3 lies midway between 2*f2-f1 and 2*f3-f1. TB4 lies midway between f1+2*f2 and f1+2*f3. The nonlinear mechanism that generates the triple beat product is the same as what generates the IMD3 product.
Observation 1: TB3 lies midway between 2*f2-f1 and 2*f3-f1. TB4 lies midway between f1+2*f2 and f1+2*f3. The nonlinear mechanism that generates the triple beat product is the same as what generates the IMD3 product. It follows that the triple beat MSD can be evaluated based on the 2-tone IMD3 test point
2.1. MSD evaluation of a triple beat product in a 3rd DL band.
To consider MSD evaluation, we must look at the power levels. For IMD3 evaluation, the power level in each of the 2 carriers is backed off by 10*log (2) = 3dB. For TB evaluation the power level in each of the 3 carriers is backed off by 10*log (3) = 4.771dB. When evaluating the IMD3 level for the 2-carrier case and the triple beat (TB) product of the 3-carrier case, it can be shown that the TB IMD product is 0.7dB higher than the 2-tone IMD3 product when all carriers are at equal levels and do not violate the power class condition.
Observation 2: It can be shown theoretically that the TB IMD product is 0.7dB higher than the 2-tone IMD3 product when all carriers are at equal levels and do not violate the power class condition.

The test points chosen for the IMD3 product and triple beat IMD product include the RB allocation for each carrier. This allocation determines the TB IMD product BW difference from the IMD3 product BW. The amount of overlapping RX BW of either the 2-tone IMD3 product or the 3-tone TB product determines the correction factor (CF). Simulation and measurements were done to evaluate the correction factor. Figure 2.1-1 shows the comparison. For the case shown Figure 2.1-1 for the band combination of DC_3C-1A_n75A, the simulated CF is 1.6dB, which means the 3-tone TB product is 1.6dB higher than the 2-tone IMD3 product for a RX BW of 5MHz. The total difference of the 3-tone TB IMD product relative to the 2-tone IMD3 product is then 0.7+1.6=2.3dB, which leads us to observation 3.
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: Placement and levels to determine 2 tone IMD3 and 3 tone TB IMD.
Observation 3: Given adequately placed test points so the 3-tone TB products and 2-tone IMD3 products occur in the same frequency range, the TB product MSD may be evaluated given the 2-tone IMD3 MSD by a simple offset given in observation 2 and a CF adjustment based on RB allocation.
There are 2 band combinations in question: 

1. DC_3C-1A_n75A that has a 3-tone TB3 product and DC_3A-1A_n75A has a 2-tone (2 x -1) IMD3 product landing in band n75. 

a. 2-tone IMD3 MSD = 15.2dB in band n75. Calculated offset for triple beat is 2.2dB.
b. 3-tone TB IMD MSD = 15.2dB + 2.3dB = 17.5dB

2. DC_3C-7A_n26A that has a 3-tone TB3 product and DC_3A-7A_n26A has a 2-tone (2 x -1) IMD3 product landing in band 7.

a. 2-tone IMD3 MSD = 17dB in band 7. The IMD3 MSD test point is similar to DC_3A-7A_n28A. Calculated offset for triple beat is 2.3dB. 

b. 3-tone TB IMD MSD = 17dB + 2.3dB = 19.3dB
Corresponding test points are as follows:
Table 2.1-1: Example of MSD test point for 1st order triple beat interference for DC_3C-1A_n75A
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	ENDC band combination
	NR/LTE band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	
	1
	1975
	5
	25(RBSTART=0)
	2165
	N/A
	FDD
	N/A

	DC_3C-1A_n75A
	3
	1730
	20
	1 (RBSTART=20)
	1825
	N/A
	FDD
	N/A

	
	
	1749.8
	20
	1 (RBSTART=79)
	1844.8
	N/A
	FDD
	N/A

	
	n75
	N/A
	5
	N/A
	1504.8
	[17.5]
	FDD
	IMD3


Table 2.1-2: Example of MSD test point for 1st order triple beat interference for DC_3C-7A_n26A
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	ENDC band combination
	NR/LTE band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	
	n26
	846.5
	5
	25(RBSTART=0)
	891.5
	N/A
	FDD
	N/A

	DC_3C-7A_n26A
	3
	1755
	20
	1 (RBSTART=20)
	1850
	N/A
	FDD
	N/A

	
	
	1774.8
	20
	1 (RBSTART=79)
	1869.8
	N/A
	FDD
	N/A

	
	7
	N/A
	5
	N/A
	2682.5
	[19.3]
	FDD
	IMD3


Proposal 1: Consider using 3-tone TB MSD test points as shown in Table 2.1-1 and Table 2.1-2.
3. Conclusion
Observation 1: TB3 lies midway between 2*f2-f1 and 2*f3-f1. TB4 lies midway between f1+2*f2 and f1+2*f3. The nonlinear mechanism that generates the triple beat product is the same as what generates the IMD3 product.

Observation 2: It can be shown theoretically that the TB IMD product is 0.7dB higher than the 2-tone IMD3 product when all carriers are at equal levels and do not violate the power class condition.

Observation 3: Given adequately placed test points so the 3-tone TB products and 2-tone IMD3 products occur in the same frequency range, the TB product MSD may be evaluated given the 2-tone IMD3 MSD by a simple offset given in observation 2 and a CF adjustment based on RB allocation.

Proposal 1: Consider using 3-tone TB MSD test points as shown in Table 2.1-1 and Table 2.1-2.

Table 2.1-1: Example of MSD test point for 1st order triple beat interference for DC_3C-1A_n75A
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	ENDC band combination
	NR/LTE band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	
	1
	1975
	5
	25(RBSTART=0)
	2165
	N/A
	FDD
	N/A

	DC_3C-1A_n75A
	3
	1730
	20
	1 (RBSTART=20)
	1825
	N/A
	FDD
	N/A

	
	
	1749.8
	20
	1 (RBSTART=79)
	1844.8
	N/A
	FDD
	N/A

	
	n75
	N/A
	5
	N/A
	1504.8
	[17.5]
	FDD
	IMD3


Table 2.1-2: Example of MSD test point for 1st order triple beat interference for DC_3C-7A_n26A
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	ENDC band combination
	NR/LTE band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	
	n26
	846.5
	5
	25(RBSTART=0)
	891.5
	N/A
	FDD
	N/A

	DC_3C-7A_n26A
	3
	1755
	20
	1 (RBSTART=20)
	1850
	N/A
	FDD
	N/A

	
	
	1774.8
	20
	1 (RBSTART=79)
	1869.8
	N/A
	FDD
	N/A

	
	7
	N/A
	5
	N/A
	2682.5
	[19.3]
	FDD
	IMD3
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