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Introduction
In the R4#102e meeting additional progress on triple beat MSD evaluation for inter-band combinations with two band UL configuration containing contiguous ULCA was captured in way forwards [1]. For this meeting, a formal check of all potential triple beat cases identified in the latest revision of 31.101-3 is presented in [2]. Based on this premise, we propose that an additional criterion related to band separation be added to detect the need for triple beat MSD analysis.
Discussion
Potential triple beat cases in latest 38.101-3
Table 1 provides the list of triple beat cases that have been analysed in [2]. The first order triple beat cases that require attention are highlighted in red in the “TB order” column. 
Table 1: Two band inter-band ENDC with two UL band and LTE intra-band ULCA MSD analysis
	Band Combination
	UL configuration
	1UL
	Duplex
[MHz]
	max DLBW
[MHz]
	max ULBW
[MHz]
	2UL
	max aggBW
[MHz]
	TB
order
	comment

	[bookmark: _Hlk101276606]DC_1C_n3A
	DC_1C_n3A
	n3A
	95
	50
	50
	1C
	40
	1.113
	2nd order TB OK

	DC_2C_n71A
	DC_2C_n71A
	n71A
	-46
	35
	20
	2C
	40
	-1.85
	2nd order TB OK

	DC_3C_n1A
	DC_3C_n1A
	n1A
	190
	50
	50
	3C
	40
	3.488
	High order TB OK

	DC_3C_n5A
	DC_3C_n5A
	n5A
	45
	25
	20
	3C
	40
	0.55
	Needs further analysis MB to LB -> R18

	DC_3C_n7A
	DC_3C_n7A
	n7A
	120
	50
	50
	3C
	40
	1.738
	2nd order TB OK

	DC_3C_n28A
	DC_3C_n28A
	n28A
	55
	30
	30
	3C
	40
	0.613
	Needs further analysis MB to LB -> R18

	DC_7C_n1A
	DC_7C_n1A
	n1A
	190
	50
	50
	7C
	40
	3.488
	High order TB OK

	DC_7C_n3A
	DC_7C_n3A
	n3A
	95
	50
	50
	7C
	40
	1.113
	2nd order TB OK

	DC_7C_n5A
	DC_7C_n5A
	n5A
	45
	25
	20
	7C
	40
	0.55
	TB OK due to band distance? HB to LB

	DC_7C_n28A
	DC_7C_n28A
	n28A
	55
	30
	30
	7C
	40
	0.613
	TB OK due to band distance? HB to LB

	DC_41C_n1A
	DC_41C_n1A
	n1A
	190
	50
	50
	41C
	40
	3.488
	High order TB OK

	DC_41C_n3A
	DC_41C_n3A
	n3A
	95
	50
	50
	41C
	40
	1.113
	2nd order TB OK

	DC_41C_n28A
	DC_41C_n28A
	n28A
	55
	30
	30
	41C
	40
	0.613
	TB OK due to band distance? HB to LB

	DC_42C_n1A
	DC_42C_n1A
	n1A
	190
	50
	50
	42C
	40
	3.488
	High order TB OK

	DC_42C_n3A
	DC_42C_n3A
	n3A
	95
	50
	50
	42C
	40
	1.113
	2nd order TB OK

	DC_42C_n28A
	DC_42C_n28A
	n28A
	55
	30
	30
	42C
	40
	0.625
	TB OK due to band distance? HB to LB

	DC_3A_n7B
	DC_3A_n7B
	3A
	95
	20
	20
	n7B
	50
	1.5
	2nd order TB OK

	DC_8A_n79C
	DC_8A_n79C
	8A
	45
	10
	10
	n79C
	200
	0.175
	OK due to band distance? VHB to LB

	DC_28A_n7B
	DC_28A_n7B
	28A
	55
	20
	20
	n7B
	50
	0.7
	OK due to band distance? HB to LB

	DC_3A_n41C
	DC_3A_n41C
	3A
	95
	20
	20
	41C
	160
	0.469
	TB example case for [1]



Observation on triple beat cases:
· DC_3C_n5A and DC_3C_n28A requires further analysis for triple beat MSD and are proposed to be postponed to Release 18 in [2] (orange highlight in comment column)
· DC_3A_n41C is used as the example triple beat analysis for [1]
· DC_7C_n5A, DC_7C_n28A, DC_41C_n28A, DC_42C_n28A DC_8A_n79C and DC_28A_n7B are proposed to not require TB MSD thanks to band separation (yellow highlight in comment column)
· Note that in the last bullet although a first order triple beat issue exists, it is proposed that no MSD requirement is needed based on a band distance criterion. In the following chapter we formalise such criterion.
Inter-band ENDC with two UL band and intra-band ULCA missing fallbacks
In way forward [1] the following criteria have been agreed in order to decide if a triple beat MSD may be required:
•	ULCA band (TDD or FDD) Parameters
•	Must have non-contiguous RB allocation in UL LCRB (ie. 1RB + 1RB)
•	Duplex mode (i.e.. 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
•	In Release-17, capture only MSD test point due to 1st order triple beat interference

First it should be noted that although not specifically stated here some additional aspects should be considered:
· The ULCA band can be both bands (for example 3C_n7B exists in the specification as an UL configuration)
· In this case two triple beat analysis may be required if both bands are FDD bands with two UL CCs
· In Release 17 when there is two band UL configuration, only contiguous ULCA is allowed in one or both UL bands
· Regarding “Spacing between RB allocations in each CC must equal the FDD Victim band duplex offset” this is to ensure that the triple beat product is optimally centred in the FDD DL channel when feasible. However, the triple beat issue is present for cases described in [3] where the ULCA allocation distance is equal to the distance between the FDD UL allocation and the closest edge of the DL channel: 
[image: ]
· where: 
[image: ]
· And where ULCAMBW is equivalent to ULCA Aggregated BW – CC1 GBLow – CC2 GBHigh since only contiguous ULCA is considered.
· The triple beat issue can arise to a third DL band if simultaneous Tx/Rx with both UL bands.

Beyond these already agreed to criteria, it is recognized by experts that when there is a significant distance between the two UL bands, there is typically sufficient combined rejection from the band group diplexing and the band filters as it has already been concluded in [1] for DC_8A_n79C.

This conclusion can be formalized in additional criteria 

Proposal on band groups distance criteria:
· For the two-band case, triple beat MSD must be analysed only when the two simultaneous Tx/Rx UL bands are part of the same or adjacent band group as defined in Table 2
· For the three-band case, triple beat MSD must be analysed only when the third DL bands is simultaneous Tx/Rx with both UL bands and is part of the same or adjacent band group of one of the UL band as defined in Table 2
Table 2: 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



It should be noted that since the last two ranges are TDD only, there is no possible triple beat issue for:
· If UL band in FR1-4 ot FR1-5 is the non-ULCA band
· Between bands within FR1-4 and FR1-5
Conclusions
In this contribution, provide further understanding on applicable criteria to detect potential triple beat issues in inter-band combinations with 2 band UL including intra-band contiguous ULCA and make the following proposal.

Proposal on band groups distance criteria:
· For the two-band case, triple beat MSD must be analysed only when the two simultaneous Tx/Rx UL bands are part of the same or adjacent band group as defined in Table 2
· For the three-band case, triple beat MSD must be analysed only when the third DL bands is simultaneous Tx/Rx with both UL bands and is part of the same or adjacent band group of one of the UL band as defined in Table 2
Table 2: 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
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