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1. Introduction
At meeting RAN4 #104-bis-e, text proposals (TP) for DC_3C_n26A [1] and for DC_3-7_n26 [2] were flagged due to missing band triple beat maximum sensitivity degradation (MSD) analysis. This contribution presents measurement data to evaluate the MSD due to triple-beat intermodulation (IMD) distortion generated by the respective primary and diversity Low Noise Amplifiers (LNAs).
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
[bookmark: _Toc112664222]2.1	MSD for DC_3C_n26A
MSD evaluation is based upon the agreed WF [3] DC_3C_n28A architecture shown in Figure 1 and the LNA measurement presented in [4] for DC_3C_n28A. Due to time constraints, the IMD contribution to Power Amplifier (PA) forward and reverse IMD is not evaluated. For MSD analysis due to LNA IMD contributions, this analysis considers paths 6 to 12 of Figure 1. Paths 6,7,8 are conducted paths, paths 9,10,11,12 are PCB isolation coupling paths.
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[bookmark: _Ref115305288]Figure 1: DC_3C_n26A Triple Beat coupling paths for band n26 LNA contributions
The RF Front-End (RF-FE) assumptions from previous contribution on DC_3C_n28 [4] are adopted and reproduced in Table 1.
[bookmark: _Ref115427344]Table 1: RF-FE parameters for DC_3C_n26A MSD evaluation
	Attenuation and Isolation Parameter
	This contribution (dB)

	Antenna ISO
	10

	Diplexer ISO
	10

	PCB isolation
	60

	Band n26 filter/Duplexer Rx rejection at n26 Tx
	n26 Duplexer: 50
n26 Div. BPF: 42

	Band n26 filter/Duplexer Rx rejection at B3 Tx
	n26 Duplexer: 33
n26 Div. BPF: 25



The MSD test point was proposed during RAN4 #104-bis-e [5] as:
· Band B3 UL PCC/SCC = 1720/1739.8MHz, CBW 20MHz/20MHz and Lcrb= 1RBstart=0/1RBstart99;
· Band n26 UL Fc=841.5MHz, Lcrb=25RBstart54, CBW=15MHz,
 for which a triple beat IMD product is expected at 765.5MHz, i.e. the product falls within the DL band n26 15MHz CBW channel. 
The measured antenna referred triple beat IMD power levels and MSD levels are captured in Figure 2 . The triple-beat IMD levels are identical to those measured in [4], the MSD is calculated based on band 26 15MHz REFSENS level of -92.7dBm.
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[bookmark: _Ref115304217]Figure 2: Measured LNA triple beat IMD interference levels referred to the primary and diversity antenna ports and corresponding MSD for Band n26 15MHz CBW.
The n26 15MHz CBW MSD due to LNA contribution is estimated at 20.7dB assuming correlated MRC combining.
Proposal 1: For DC_3C_n26A, adopt the band n26 15MHz CBW triple beat MSD test point of Table 2.
[bookmark: _Ref115383346]Table 2: Band n26 15MHz MSD for DC_3C_n26A due to dual uplink transmission triple beat interference.
	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
	IMD order

	DC_3C_n26A
	3
	1720
	20
	1 (RBstart=0)
	1815
	N/A
	FDD
	N/A

	
	
	1739.8
	20
	1 (RBstart=99)
	1834.8
	N/A
	
	

	
	n26
	841.5
	15
	25(RBstart=54)
	886.5
	20.7
	FDD
	IMD3



2.2	MSD for DC_3-7_n26
In DC_3-7_n26, a triple beat IMD product due to dual uplink DC_3C_n26A transmission may affect the downlink band B7 channel. The following MSD test point was proposed at meeting RAN4#104-bis-e [5]:
· Band B3 UL PCC/SCC = 1755/1774.8MHz, CBW 20MHz/20MHz and Lcrb= 1RBstart=20/1RBstart79;
· Band n26 UL Fc=846.5MHz, Lcrb=25RBstart0, CBW=5MHz;
, for which triple beat IMD products are expected at:
· 877.09MHz, i.e. this triple beat product does not fall within the DL band n26 5MHz channel. The UL band configurations have been carefully selected to ensure that only the DL band B7 is affected by triple-beat desense;
· 2682.47MHz, i.e. this triple beat product falls within the DL band B7.
The MSD analysis assumes the quad-plexer RF-FE architecture of Figure 3. Due to time constraints, only the band B7 primary/diversity LNA contributions are considered as sole contributors to IMD interference through coupling paths #1 to #7. Paths 1,2,3 are conducted paths, Paths 4,5,6,7 are PCB isolation coupling paths.
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[bookmark: _Ref118319226]Figure 3: DC_3-7_n26 Triple Beat coupling paths for band B7 LNA contributions
The RF-FE assumptions are shown in Table 3, with isolations for diversity branch assumed 7dB worse than for main branch.
[bookmark: _Ref118319418]Table 3: RF-FE parameters for DC_3C_n26A MSD evaluation
	Attenuation and Isolation Parameter
	This contribution (dB)

	Antenna ISO
	10

	Diplexer ISO
	10

	PCB isolation
	60

	B7/B3 quadplexer/Duplexer Rx rejection at B3 Tx
	Quadplexer: 45
Diversity BPF: 38

	B7/B3 quadplexer/Duplexer Rx rejection at n26 Tx
	Quadplexer: 37
Diversity BPF: 30



In Figure 4, the IMD levels are based on jammer input power levels calculated using Table 3 assumptions, and LNA IMD measurements of [4]. The band B7 MSD is calculated based on the 5MHz CBW REFSENS level of -98dBm.
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[bookmark: _Ref118320115]Figure 4: LNA triple beat IMD interference levels referred to the primary and diversity antenna ports and corresponding MSD for Band n7 5MHz CBW.
Contrary to DC_3C_n26A, we observe a large triple-beat IMD power imbalance between the primary and the diversity branch. MRC combining in that case relies mostly on the diversity branch. Even though the sources of interference coupling into each of the band B7 LNA are identical, i.e. the sources are strongly correlated, it is questionable if the MSD calculation using correlated MRC combing still holds under such high imbalance. We therefore propose to adopt the MSD calculated assuming uncorrelated MRC combining. PA contribution may help better assess how triple-beat IMD interference is shared between each of the receiver branches.
Proposal 2: For DC_3-7_n26, adopt the band B7 5MHz CBW triple beat MSD test point of Table 2.
Table 2: Band B7 5MHz MSD for DC_3-7_n26 due to dual uplink transmission triple beat interference.
	EN-DC Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	
	3
	1755
	20
	1(RBstart=20)
	1850
	N/A
	FDD
	N/A

	DC_3C-7A_n26A
	
	1774.8
	20
	1(RBstart=79)
	1869.8
	N/A
	
	

	DC_3C-7C_n26A
	7
	N/A
	5
	N/A
	2682.5
	18.6
	FDD
	IMD3

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


3. Conclusion
This contribution evaluates band n26 15MHz MSD for DC_3C_n26A and band B7 5MHz MSD for DC_3-7_n26 using LNA measurements. Due to time constraints, a contribution that measures power amplifier IMD interference could not be evaluated. We therefore make the following proposal based solely on the LNAs contribution.
Proposal 1: For DC_3C_n26A, adopt the band n26 15MHz CBW triple beat MSD test point of Table 2.
Table 2: Band n26 15MHz MSD for DC_3C_n26A due to dual uplink transmission triple beat interference.
	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
	IMD order

	DC_3C_n26A
	3
	1720
	20
	1 (RBstart=0)
	1815
	N/A
	FDD
	N/A

	
	
	1739.8
	20
	1 (RBstart=99)
	1834.8
	N/A
	
	

	
	n26
	841.5
	15
	25(RBstart=54)
	886.5
	20.7
	FDD
	IMD3



Proposal 2: For DC_3-7_n26, adopt the band B7 5MHz CBW triple beat MSD test point of Table 2.
Table 2: Band B7 5MHz MSD for DC_3-7_n26 due to dual uplink transmission triple beat interference.
	EN-DC Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	
	3
	1755
	20
	1(RBstart=20)
	1850
	N/A
	FDD
	N/A

	DC_3C-7A_n26A
	
	1774.8
	20
	1(RBstart=79)
	1869.8
	N/A
	
	

	DC_3C-7C_n26A
	7
	N/A
	5
	N/A
	2682.5
	18.6
	FDD
	IMD3

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