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1. Introduction
At meeting RAN4 #104-bis-e, a Way Forward was agreed to refine triple beat detection criteria [1]. A new set of detection criteria was proposed to detect cases where triple beat intermodulation products affect a third downlink band of a three-band inter-band EN-DC combination [1]. This document brings minor corrections to these criteria. We also present our views on how to treat EN-DC combinations that may be requested with 4UL CCs. Finally, we present a list of Release 17 three-band combination for which MSD test points due to triple-beat interference are missing.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
[bookmark: _Toc112664222]2.1	Triple Beat Detection for two-band combinations
[bookmark: _Ref115427344]In Release 17, EN-DC combinations with a maximum of 3 uplink (UL) component carriers (CCs) within FR1 frequency bands are allowed, so long as the 3 UL CCs are contained within a maximum of two clusters. Even though such combinations have not been requested, two-band EN-DC combinations with 4 UL CCs in a maximum of two clusters are not precluded. Such combinations may generate quad-beat intermodulation distortion products. Considering triple-beat MSD analysis is still in its infancy, we propose that 4UL CC EN-DC combinations be analyzed on a case-by-case basis with the condition that all 3 UL CCs fallback combinations have been previously requested, and the associated triple-beat MSD analyses are completed.
Proposal 1: Two-band EN-DC combinations with 4 UL CCs 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. Only then can the 4UL CC DC combination MSD be considered on a case-by-case basis. 
2.2	Triple Beat Detection for the third DL band
In WF[1], a the decision tree reproduced in Figure 1 left was provided to help proponents identify if MSD analysis is needed for the requested combination. The last step consists of checking if the two UL bands are part of the band group or part of adjacent band group. However, for MSD analysis of the third DL band, this criterium should be corrected to checking the third DL band is part of the group or belongs to a band group that is adjacent to any of the 2 UL bands. The correction is proposed in Figure 1-right.
[image: ]
[bookmark: _Ref118319226]Figure 1: Left: WF[1] decision tree for 3rd DL band, Right: Proposed Correction.
Proposal 2: Three band EN-DC combinations for which a triple beat check is needed should fulfil the following criterium: does the third DL affected band belong to the same band group; or does it belong to a band group which is adjacent to either one of the two UL bands?
Example 1: for UL configuration DC_3C_n26A:
· In two-band DC_3C_n26A, a 1st order triple beat IMD product may fall in DL n26. 
Band n26 MSD needs to be evaluated because band n26 belongs to a band group which is adjacent to band B3,
· In three-band DC_3C-7A_n26A, a 1st order triple beat IMD product may fall in the 3rd DL band B7. 
Band B7 MSD needs to be evaluated because band B7 belongs to band group which is adjacent to band B3.
Example 2: for UL configuration DC_7C_n5A:
· In two-band DC_7C_n5A, a 1st order triple beat IMD product may fall in DL n5. 
Band n5 MSD does not need to be evaluated because band n5 does not belong to a band group which is adjacent to band B7,
· In three-band DC_7C_n5A-n28A, a 1st order triple beat IMD product may fall in the 3rd DL band n28. However, band n28 MSD needs to be evaluated because band n28 belongs to band group which is adjacent to band n5.
This latter combination is part of a list of combinations for which triple beat MSD analysis is missing in the TS.
2.3	Missing triple-beat MSD analysis in Rel-17 EN-DC combinations
Table 1 below summarizes the analysis of triple-band MSD candidates based on the 3rd DL band detection criteria for TS 38.101-3 17.7.0. 
[bookmark: _Ref118452276]Table 1: Triple-beat MSD candidates from TS 38.101-3 17.7.0
	UL/DL configuration
	2UL IMD3  affects 3rd DL band?
	3rd DL band part of the same band group or adjacent to either one of the UL bands?
	TB MSD analysis needed?

	UL: DC_3C_n1A
DL: DC_3C-32A_n1A
	yes: B32
	yes: B32 belongs to the same band group than B3 and n1.
	yes: B32 MSD

	UL: DC_3A_n7B
DL: DC_3A-3A_n7B-n78A
	yes: n78
	yes: n78 adjacent to n7 band group
	yes: n78 MSD

	UL: DC_3C_n7A
DL: 
· DC_3C_n7A-n78A
· DC_3C_n7A-n78(2A) 
	yes: n78
	yes: n78 adjacent to n7 band group
	no

	UL: DC_3C_n41A
DL: DC_3C-20A_n41A
	yes: B20
	yes: B20 adjacent to B3 band group
	 near miss

	UL: DC_7C_n3A
DL: DC_7C_n3A-n78A
	yes: n78
	yes: n78 adjacent to n7 band group
	 yes: n78 MSD

	UL: DC_7C_n78A
DL: 
· DC_3A-7C_n78A
· DC_3C-7C_n78A
· DC_3A-7C_n78(2A)
· DC_3C-7C_n78(2A)
· DC_7C_n3A-n78A
	yes: B3
	yes: B3 adjacent to B7
	 near miss

	UL: DC_41C_n3A
DL:
· DC_8A-41C_n3A:
· DC_18A-41C_n3A
· DC_41C_n3A-n78A
· DC_41C_n3A-n77A
	yes: B8, B18, n78, n77
	yes:
B8, B18 adjacent to n3
n77, n78 adjacent to n41
	yes: n77, n78 MSD
no: B8, B18

	UL: DC_41C_n28A
DL: DC_41C_n28A-n77A

	yes: n77
	yes: n77 adjacent to n41
	no: TB does not fall in n77

	UL: DC_41C_n77A
DL:
· DC_3A-41C_n77A 
· DC_3A-41C_n77(2A)
· DC_41C_n3A-n77A
· DC_8A-41C_n77A
· DC_41C_n28A-n77A
	yes: B3, B8, n28
	yes: B3 adjacent to n41
no for B8 and n28: not adjacent to B41/n77.
	 yes: B3 MSD

	UL: DC_41C_n78A
DL:
· DC_41C_n3A-n78A
· DC_3A-41C_n78A
· DC_3A-41C_n78(2A)
	yes: B3
	yes: B3 adjacent to n41
	yes: B3 MSD

	UL: DC_42C_n28A
DL: DC_1A-42C_n28A 
	yes: B1
	yes: B1 adjacent to B42 and n28
	no



The following MSD analyses are missing:
· B32 MSD for DC_3C-32A_n1A
· n78 MSD for DC_3A-3A_n7B-n78A
· n78 MSD for DC_7C_n3A-n78A
· n78 MSD for DC_41C_n3A-n78A
· n77 MSD for DC_41C_n3A-n77A
· B3 MSD for DC_3A-41C_n77A, DC_3A-41C_n77(2A), DC_41C_n3A-n77A
· B3 MSD for DC_41C_n3A-n78A, DC_3A-41C_n78A, DC_3A-41C_n78(2A).
Figure 2 shows that the B32 IMD landscape for DC_3C-32A_n1A is similar to that of DC_3_n1-n75, for which the text proposal was flagged at previous meeting due to missing n75 MSD [2]. The MSD for DC_3-32_n1 could therefore be treated at this meeting. The other MSDs should be treated in Rel-18, however, it is not clear how to handle the missing requirements for Release 17.
[image: ]
[bookmark: _Ref118454150]Figure 2: 1st order triple beat product landscape for DC_3C-32A_n1A. TB stands for Triple-Beat, f1 is the center frequency of band 1 UL RB, f2 and f3 are the center frequencies of B3 PCC UL RB and SCC UL RB.
Proposal: For Release 18, MSD analysis is missing for the following combinations/affected DL band.
· B32 MSD for DC_3C-32A_n1A
· n78 MSD for DC_3A-3A_n7B-n78A
· n78 MSD for DC_7C_n3A-n78A
· n78 MSD for DC_41C_n3A-n78A
· n77 MSD for DC_41C_n3A-n77A
· B3 MSD for DC_3A-41C_n77A, DC_3A-41C_n77(2A), DC_41C_n3A-n77A
· B3 MSD for DC_41C_n3A-n78A, DC_3A-41C_n78A, DC_3A-41C_n78(2A).
For Release 17, how should these missing MSD combinations be handled? Introduce via Rel-17 Maintenance CR, or remove the requested combinations from TS?
3. Conclusion
This contribution discusses how to handle 4 UL CC EN-DC combinations and presents corrections to detection criteria for triple-beat products affecting the third DL band of a three-band EN-DC combination. 
Proposal: For Release 18, MSD analysis is missing for the following combinations/affected DL band.
· B32 MSD for DC_3C-32A_n1A
· n78 MSD for DC_3A-3A_n7B-n78A
· n78 MSD for DC_7C_n3A-n78A
· n78 MSD for DC_41C_n3A-n78A
· n77 MSD for DC_41C_n3A-n77A
· B3 MSD for DC_3A-41C_n77A, DC_3A-41C_n77(2A), DC_41C_n3A-n77A
· B3 MSD for DC_41C_n3A-n78A, DC_3A-41C_n78A, DC_3A-41C_n78(2A).
For Release 17, how should these missing MSD combinations be handled? Introduce via Rel-17 Maintenance CR, or remove the requested combinations from TS?
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