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1	Background 
· At RAN4 #104-bis-e, new detection rules and MSD test point guidelines were agreed in WF [1] for the case of three-band EN-DC combinations for which the 2UL configuration with one band configured for intra-band contiguous CA for which the third DL band may be affected by a first order Triple-Beat (TB) product. This WF provides:
· A decision flow chart to help proponent identify if a TB MSD analysis is needed. This flow chart provides guidelines for the case of two-band and three-band EN-DC combinations,
· Two sets of equations: one for two-band EN-DC combinations, one for three-band EN-DC combinations.

· At RAN4 #105, further improvements have been proposed:
· A unified set of equations that apply to both two-band and three-band EN-DC combinations [2]
· Guidelines for the handling of 4 UL CCs in two UL bands were proposed [3]
· Corrections to flow-chart rules for TB MSD affecting the third DL band of a three-band EN-DC combination.

· Regarding flow-chart for TB affecting the third DL band, it was found that the rule based on verifying if the 2UL CC IMD3 affects the 3rd DL band may not allow detection of TB IMD collision cases. 

· This WF brings the necessary corrections and enhancements to the previous WF [1].
2 Way forward
2.1 WF on Pre-Condition for TB MSD Analysis with 3UL CCs
For two-band inter-band combinations with 3UL CCs in two bands, i.e. 1UL CC in one band, and 2UL CCs in the other UL band:

· For two-band inter-band CA or DC combinations, the precondition is that:
· Only FDD-FDD and TDD-FDD combination need to be considered with 3 uplink (UL) component carriers (CC) in two clusters within FR1. The decision tree in Figure 1 provides guidelines to decide if TB detection analysis is needed. 
· The 2 UL bands are part of the same band group or belong to adjacent band groups as defined in Table 1.
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Figure 1: Decision tree for two-band combinations
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Table 1 : Band group definition for adjacent band-group criterion
	FR1 band group range

	Name
	FR1-1 (LB)
	FR1-2 (MB)
	FR1-3 (HB)
	FR1-4 (VHB)
	FR1-5 (UHB)

	Range (MHz)
	600-1000
	1400-2200
	2300-2700
	3300-5000
	5250-7125

	Duplex mode
	Mostly FDD
	Mostly FDD
	FDD and TDD
	TDD only
	TDD only




· For three band inter-band CA or DC combinations:
· Only the 3rd DL band should be considered, and it is recommended to systematically check TB analysis using this WF set of detection equations,
· The 3rd DL band belongs to the same band group or belongs to a band group which is adjacent to either one of the UL bands, where band groups are defined in Table 1.
2.2  WF on Pre-Condition for TB MSD Analysis with 4UL CCs
· Two-band EN-DC combinations with 4 UL CCs configured as 2UL CCs in one UL band, and 2 UL CCs in the other UL band cannot be requested unless the corresponding 3 UL CC fall-back combinations have previously been completed, including triple beat analysis of the two 3 UL CC fallbacks. 

For example, for two band EN-DC with LTE Band BX and NR band nY:
· DC_XB/C_nYB/C cannot be requested unless both DC_XB/C_nYA and DC_XA_nyB/C have been completed. 
· MSD analysis of the 4UL CC EN-DC combination can only be considered on a case by case basis once these 3UL CC fall-back MSD test points are defined.
2.3  WF on Triple-Beat Detection for two-band combinations
· A 1st order triple beat product is a 3rd order non-linearity for which a collision with the FDD DL band is true if the following condition is met:


where,
· Duplex Offset is the duplex offset of the victim FDD band.
· ULCAMBW is the non-contiguous 2 tone allocation spacing.
· TXMBW and RXBW is the FDD victim band TX transmission measured BW and the RX DL channel BW respectively.

Note that the unified set of equations in this WF section 2.4 may also be used for two-band combination triple-beat detection.
2.4  WF on Unified Triple Beat Detection Equations
· A 1st order triple beat product is a 3rd order non-linearity which may affect the third DL band of a three-band inter-band combination if either one of the following TB product falls in the Rx frequency range of the third band:
· TB1 = |f1+f2-f3| 
· TB2 = |f1-f2+f3| 
· TB3 = |f1-f2-f3| 
· TB4 = f1+f2+f3 
When both non-equal equations in (4) are satisfied, a TB product is falling into the Rx freq range of the 3rd band and potential de-sense might happen:


					(4)
Note 1: n= 1, 2, 3 or 4.  
Note 2: If only one non-equality is satisfied, it means that TBn product does Not fall into the Rx band.
Note 3: Here the “3rd Rx band” could be any Rx band in the CA or DC combination under investigation.
Figure 2 shows an example of 1st order Triple Beat (TB) IMD landscape for the DC_3A_n1A-n75A.  The general expression all TB products is ±f1±f2±f3, resulting in four TB products: TB1,TB2,TB3, and TB4.
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[bookmark: _Ref116580637]Figure 2: 1st order triple beat product landscape for example of DC_3A_n1A-n75A [1]
2.5  WF on MSD analysis
· Triple Beat MSD analysis should evaluate the contribution of three contributors:
· the FDD PA forward and reverse IMD contribution,
· the TDD PA forward and reverse IMD contribution,
· the IMD contribution of the FDD band LNAs.

Figure 2 shows an example of coupling paths for DC_3C_n28A [4]. 
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Figure 3: Example of coupling paths for triple beat interference evaluation for DC_3C_n28A [4]
2.6  WF on Capturing MSD Test Points
· Triple beat MSD test points are captured in Reference Sensitivity exceptions due to intermodulation interference due to 2UL CA (clause 7.3A.5) or MSD for intermodulation interference due to dual uplink operation for EN-DC in NR FR1 (clause 7.3B.2.3.5) with the following parameters,

ULCA band (TDD or FDD) Parameters
· Must have non-contiguous RB allocation in UL LCRB (ie. 1RB + 1RB)
· Duplex mode (ie. FDD or TDD)
· Spacing between RB allocations in each CC must equal the FDD Victim band duplex offset
· UL CC1 BW and UL CC1 Fc
· UL CC2 BW and UL CC2 Fc
· 
Non-ULCA FDD band Parameters
· DL Fc and UL Fc
· TX LCRB
· RX BW
· TX BW

Triple Beat Order
· 1st order triple beat is for 3rd order non-linearity and should be captured as interference source "IMD3".

· It is recommended that if the lower order fall-back combination is also affected by 1st order triple beat interference, that the MSD test point for the 3rd DL band does not also create conditions to affect the Scell and Pcell downlink bands.

Table 2 shows an example of table template to capture the TB test point for DC_3C-7A_n26A.

[bookmark: _Ref116579445]Table 2 : Example of MSD test point template for 1st order triple beat interference.
	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
	[FFS]
	FDD
	IMD3



2.7  WF on DC_3C_n26A triple beat MSD
The MSD level is the average of [5] and [6].
	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
	18.9
	FDD
	IMD3


 
2.8 WF on DC_3-7_n26 triple beat MSD
The MSD level is the average of [6] and [7].
	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
	19.0
	FDD
	IMD3



2.9 WF on DC_3C-1A_n75A triple beat MSD
The test point is from [8] and the band n75  MSD level is the average of [7] and [8].

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

	DC_3C_n1A-n75A
	3
	1720
	20
	1(RBstart=0)
	1815
	N/A
	FDD
	N/A

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

	
	n1
	1977.5
	5
	25(RBstart=0)
	2167.5
	N/A
	FDD
	N/A

	
	n75
	N/A
	5
	N/A
	1481.5
	20
	SDL
	IMD3



2.10 WF on DC_3C-32A_n1A triple beat MSD
The test point is from [8] and B32 MSD level is based on WF 2.9 MSD level for n75.
	EN-DC Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	DC_3C-32A_n1A
	3
	1720
	20
	1(RBstart=0)
	1815
	N/A
	FDD
	N/A

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

	
	32
	N/A
	5
	N/A
	1481.5
	20
	SDL
	IMD3

	
	n1
	1977.5
	5
	25(RBstart=0)
	2167.5
	N/A
	FDD
	N/A
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