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1. Introduction
In this document, we show if MSD is required for band combinations involving 3 UL CCs as summarized in the WF [1].
2. Discussion
2.1. Background or Problem Description
· Triple beat products can be generated and pose a problem even if coexistence requirements can be met.
· For 2UL CCs with a NR single carrier aggressor, the triple beat is simply a cross modulation issue, but there is not much of an issue due to the lower transmission BW not being large enough to exceed the duplex offset of the FDD band. Even if the transmission BW was large enough, the PSD level of the emission along with the filter attenuation of the TDD band TX blocker at the FDD RX/TX frequency was enough to quench the cross-modulation level for any observable impact. Even if this issue exists, it is yet to be reported in RAN4.
· With the advent of ULCA in the aggressor band, non-contiguous allocations can arise along with the wider end-end aggregated CA BW on top of the relatively weak TDD filtering, leaving some band combinations vulnerable to de-sense.

· We intend to flush out these band combinations and deep dive any potential MSD requirement.

2.2.  Triple Beat Detection and Vulnerable Band Combinations

· From the WID and the last meeting, the following band combinations arose.
· Using the triple beat detection criteria outlined in [1] [2], we can detect which band combinations show a potential problem.

· We define the jammer band as the band that contains the single carrier. That band can be a FDD or TDD band. If it is a TDD band, then there is no triple beat issue because the RX/TX are at the same frequency, and the triple beat product is always offset from the TX frequency of the jammer band.

· If the jammer band is a FDD band, then a problem exists when the triple beat noise is fully contained within the RXBW at the duplex offset. This happens for the 1RB+1RB in the ULCA configuration and the regular REFSENS configuration in the jammer/FDD band.
· The 1RB+1RB tone spacing can be further configured to optimally locate the noise with a minimum ULCA MPR taken to meet the general spurious/coexistence requirement. This can happen when the potential ULCA BW is large to enable that tone spacing variation flexibility.

· If the ULCA BW is small, then sometimes it takes a large jammer/FDD band channel BW to have triple beat detection. In this case the triple beat de-sense is mitigated due to larger back off taken due to the smaller ULCA BW and a correction factor due to partial overlap of the triple beat noise with the large RXBW.
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· MSD analysis was done for the highlighted band combinations to further investigate the issue. Forward and reverse triple beat measurements were completed on a few PAs. The distortion is maximum on the PA generating the ULCA signal because the distortion varies 2:1 with ULCA output power and 1:1 with the FDD jammer power.
· Band combinations with the ULCA back off set at the minimum to meet the minimum general requirements had the highest MSD value. These band combinations are listed below:

[image: image2.emf]cfg RB add. CF ULCA MPR singleMPRULCA B.O. Single B.O. MSD

3_41C 25 0 -2 -1 -4.78 -4.78 9.9

8_79C 25 0 -2 -1 -4.78 -4.78 2.3

28_7B 25 0 -11.5 -1 -11.5 -1 0

3C_5 25 -3 -8.5 -1 -8.5 -1 0.6

7C_5 25 -3 -8.5 -1 -8.5 -1 0

3_77(2A) 25 0 -15 -1 -15 -1 0

3_78(2A) 25 0 -15 -1 -15 -1 0

25_41C 25 0 -2 -1 -4.78 -4.78 9.4

66_77(2A) 25 0 -15 -1 -15 -1 0

30_77(2A) 20 0 -15 -1 -15 -1 0

2_77(2A) 25 0 -15 -1 -15 -1 0


· The actual diagram showing possible mechanisms coming into play is shown in Figure 1. PA forward and reverse triple beat mechanisms come into play as well as LNA non-linearity. The latter still needs some more investigation. PA measurements are provided in figure 2. 


[image: image3]
Figure 1: How triple beat impacts RF performance with coinciding IMD15
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Figure 2: Forward and Reverse PA triple beat measurements with PA output at max power
· Key observations are as follows:

· Observation1: There is a possibility of a triple beat and IMD15 coinciding for DC_3A_n41C and DC_25A_n41C combinations.
· Observation2: Forward triple beat is more dominant than the reverse triple beat suggesting PCB isolation will be a key factor in lowering this interference

· Observation3: Triple beat is more dominant at the ULCA PA because the triple beat product goes as 2:1 with ULCA output power and only 1:1 with FDD TX power

· Observation4: Reverse triple beat at the FDD PA can be neglected. Forward triple beat at the FDD PA maybe neglected pending more measurements on PAs from other bands.
· Observation 4: Triple beat is affected by the RX LNA as well as the PA and analysis and measurements for RX will be considered in the next meeting.
2.3.  Triple Beat MSD and specification
Table 7.3B.2.3.5.3-1: MSD test points for PCell due to dual uplink operation for EN-DC in NR FR1 (two bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL 
BW (MHz)
	UL 
LCRB
	DL Fc 
(MHz)
	MSD 
(dB)
	Duplex mode
	Triple beat order

	DC_3A-n41C
	3
	1782.5
	5
	25
	1877.5
	[FFS]
	FDD
	3

	
	n41C
	2545

2595
	50
50
	1 (RBstart=0)

1 (RBstart=250)
	2545

2595
	N/A
	TDD
	N/A

	DC_25A-n41C
	25
	1912.5
	5
	25
	1992.5
	[FFS]
	FDD
	3

	
	n41C
	2545

2595
	50
50
	1 (RBstart=0)

1 (RBstart=250)
	2545

2595
	N/A
	TDD
	N/A

	DC_8A-n79C
	8
	912.5
	5
	25
	957.5
	[FFS]
	FDD
	3

	
	n79C
	4545

4595
	50

50
	1 (RBstart=0)

1 (RBstart=250)
	4545

4595
	N/A
	TDD
	N/A


Proposal 1: Use MSD for triple beat structure as shown in Table 7.3B.2.3.5.3-1

3. Conclusion

Observation1: There is a possibility of a triple beat and IMD15 coinciding for DC_3A_n41C and DC_25A_n41C combinations.
Observation2: Forward triple beat is more dominant than the reverse triple beat suggesting PCB isolation will be a key factor in lowering this interference

Observation3: Triple beat is more dominant at the ULCA PA because the triple beat product goes as 2:1 with ULCA output power and only 1:1 with FDD TX power

Observation4: Reverse triple beat at the FDD PA can be neglected. Forward triple beat at the FDD PA maybe neglected pending more measurements on PAs from other bands.
Observation 4: Triple beat is affected by the RX LNA as well as the PA and analysis and measurements for RX will be considered in the next meeting.
Proposal 1: Use MSD for triple beat structure as shown in Table 7.3B.2.3.5.3-1
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[image: image1.emf]Combo Jammer_Band ULCA_BW Band ULCA _BW_max Jammer_BW_max Jammer Duplex TB_Condition Issue (1/0)

3A_n7B 3 n7 50 20 95 60 0

28A_n7B 28 n7 50 20 55 60 1

1A_n7B 1 n7 50 20 190 60 0

1C_n3A n3 1 40 40 95 60 0

2C_n41A n41 2 40 100 0 90 0

2C_n71A n71 2 40 20 46 50 1

2A_n77(2A) 2 n77 200 40 80 220 1

3A_n41C 3 n41 200 20 95 210 1

3C_n1A n1 3 40 50 190 65 0

3C_n5A n5 3 40 20 45 50 1

3C_n7A n7 3 40 50 120 65 0

3C_n28A n28 3 40 30 55 55 0

3C_n41A n41 3 40 100 0 90 0

3A_n77(2A) 2 n77 600 20 95 610 1

3A_n78(2A) 2 n77 600 20 95 610 1

3C_n77A n77 3 40 100 0 90 0

3C_n78A n78 3 40 100 0 90 0

3C_n79A n79 3 40 100 0 90 0

7C_n1A n1 7 40 50 190 65 0

7C_n3A n3 7 40 50 95 65 0

7C_n5A n5 7 40 20 45 50 1

7C_n28A n28 7 40 30 55 55 0

7C_n78A n78 7 40 100 0 90 0

8A_n79C 8 n79 200 20 45 210 1

25A_n41C 25 n41 200 20 80 210 1

30_n77(2A) 30 n77 600 20 45 610 1

39C_n41A n41 39 40 100 0 90 0

40C_n78A n78 40 40 100 0 90 0

41C_n3A n3 41 40 50 95 65 0

41C_n77A n77 41 40 100 0 90 0

41C_n78A n78 41 40 100 0 90 0

41C_n79A n79 41 40 100 0 90 0

42C_n28A n28 42 40 30 55 55 0

42C_n3A n3 42 40 50 95 65 0

66_n77(2A) 66 n77 600 20 400 610 1

