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1	Background 

· MSD analyses due to Triple-Beat (TB) were initiated by a limited set of companies throughout the development of Release 17. Due to its infancy, the criteria to detect eligible combinations and MSD evaluation required several Way Forward [1,2,3].

· Recently, more companies started to bring MSD analyses for eligible combinations [4,5].

· At RAN4 #104-bis-e:

· Corrections to the most recent WF on detection probably were identified and proposed in [6] to account for bands with both positive and negative duplex-distance;
· TPs for DC_3C-7A_n26A [7] and DC_3C_n1A-n75A [8] were flagged due 1st order TB product that may affect the third band [9].

· It has therefore become apparent that criteria for detection mechanism require corrections [6]. Further enhancements to detect all other 1st order TB products that may fall in a third band also need to be captured [9].

· This WF aims at bringing these corrections. It also captures a decision tree that is aimed at better assisting proponents of future TP for TRs to detect if a triple-beat MSD analysis is needed or not. 

· The flowcharts of WF 2.1 are intended to prevent TP for TRs from being submitted to automatic approval baskets agenda items (AI). In case TB analysis is needed, proponents may post the TP in the appropriate AI to call for expert review on defining the MSD test point based on WF 2.2 and WF 2.3 guidelines.

· WF 2.2 and WF 2.3 are guidelines intended to identify configuration of RF parameters (e.g. uplink resource block allocations LCRB/RBstart, carrier frequencies, channel bandwidth, SCS) that ensure 1st order TB product collision is met.

2 Way forward
2.1	WF on Pre-Condition for TB MSD Analysis

· 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-left provides guidelines to decide if TB detection analysis is needed.

· For three band inter-band CA or DC combinations, only the 3rd DL band should be considered. The precondition is that the 3rd DL band is affected by IMD3 when the 2UL bands are configured with 1 UL CC. The decision tree in Figure 1-right provides guidelines to decide if TB detection analysis is needed.
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Figure 1: Decision tree for 2 band combinations (left) and 3rd downlink band (right)

· In both cases, the last step consists in checking if the 2 UL bands are part of the same band group or belong to adjacent band groups as defined in Table 1.

[bookmark: _Ref103680231]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



2.2	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.

2.3	WF on Triple-Beat Detection for the Third DL Band
· 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:
· TB3 = |f1-f2-f3| or |f2+f3-f1|
· TB4 = f1+f2+f3 or |-f1-f2-f3|

where,
· f1 is the center frequency of the non-ULCA uplink resource block (RB)
· f2 and f3 are the center frequencies of each of the ULCA CC uplink RB.
· MBW1 is the measured bandwidth of the non-ULCA CC at the frequency f1.
· RXBW3rdDL is the RX channel bandwidth in the 3rd DL band
Figure 2 shows an example of triple beat IMD landscape for the DC_3A_n1A-n75A. TB1 and TB2 are products under consideration for WF 2.2. Note that the general expression for all TB products is ±f1±f2±f3.
As per figure 2, the detection condition for TB3 and TB4 is as follows. Note that other detection options are not precluded:


TB3:




TB4:
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[bookmark: _Ref116580637]Figure 2: 1st order triple beat product landscape for example of DC_3A_n1A-n75A [9]

2.4	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 [5]. 
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Figure 3: Example of coupling paths for triple beat interference evaluation for DC_3C_n28A [5]
2.5	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 [9].

[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
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