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1. Introduction
We discussed MSD issue and achieved below agreement in previous meetings:
	RAN2#123:
· R2 intends to support capability reporting to fullfill RAN4s requirements.

· R2 assumes that the proposed inheritance mechanism is for signaling optimization. It is not consistent with current mechanisms and R2 might not apply it.

· We send Reply LS in R2-2306866[2]
· Invite for solutions discussion for next meeting. 
RAN2#123:
· Lower MSD cap is reported outside BC list

· Filtering FFS (discussion postponed until more mature)

· In the signalling, victim / aggressor need to be identified



In this contribution, we will discuss the solutions for lower MSD signalling design.
2. Discussion
2.1 Lower MSD capability reporting 
Based on the RAN4 LS[1],  lower MSD capability reporting requirement is as below:
	· Lower MSD capability for higher order combination is inherited from lower order fallback combinations

· For 2-bands combination, the MSD indication of corresponding threshold (or capability class) are supposed to be reported separately as per victim band per MSD type per band combination

· For 3-bands combination, the MSD indication of corresponding threshold (or capability class) are only reported for IMD of dual UL falling into the third band DL whose UL band is not configured with, other kinds of Lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) could inherit from 2-band combinations with the same power class.

· For combination with more than 3 bands, no need to report the Lower MSD capability any more, the capability could inherit from the fallback combinations with the same power class.


We can categorize MSD indication into two types, 3-bands combination MSD set and 2-bands combination MSD set. 
3-bands combination MSD set
As said in LS[1], for dual UL falling into the third band DL in case of 3-bands combination, the MSD reporting is needed, which cannot inherit from 2-band combinations. Table 1 for CA_n1-n3-n78 is an example.
Table 1: MSDs for 3-bands combination
	NR-CA
	UL
	UL
	DL
	MSD dB
	Source of MSD

	CA_n1-n3-n78
	n1
	n3
	n78
	28.4@ 10 MHz
	IMD2

	CA_n1-n3-n78
	n1
	n3
	n78
	11.2@ 10 MHz
	IMD4

	CA_n1-n3-n78
	n1
	n78
	n3
	27.9@ 5 MHz
	IMD2


Observation 1. MSD reporting for 3-bands combination is needed for dual UL falling into the third band DL.
2-bands combination MSD set
For 2-bands combination, the MSD information should be reported separately as per victim band per MSD type per band combination. the MSD could be caused by single or dual UL. The victim band could be any one of the two bands. Table 2 is an example
Table 2: MSDs for 2-bands combination
	NR-CA
	UL
	UL
	DL
	MSD dB
	Source of MSD

	CA_n1-n3
	n1
	n3
	n1
	23
	IMD3

	CA_n1-n3
	n1
	N/A
	n3
	3@5MHz, …
	Cross band isolation

	CA_n1-n78
	n1
	N/A
	n78
	8@5MHz
	IMD4

	CA_ n3-n78
	n3
	N/A
	n78
	23.9@10 MHz,…
	Harmonics

	CA_ n3-n78
	n3
	n78
	n3
	26@ 5 MHz
	IMD2

	CA_ n3-n78
	n3
	n78
	n3
	8@ 5 MHz
	IMD4

	CA_ n3-n78
	n78
	N/A
	n3
	8.1@ 5 MHz
	Harmonic mixing


Observation 2. MSD reporting for 2-bands combination are needed for single or dual UL falling into its own DL band.
2.2 Associate 2-bands combination and 2-bands combination MSD sets for one band combination 
As LS[1] said, for 3-bands combination, lower MSD capability due to dual UL falling into its own DL could inherit from 2-band combinations with the same power class. Hence, for the lower MSD of the fallback band combination,  it’s better to refer to the MSD reporting for 2-bands combination, but unnecessary to repeat it  in the MSD reporting for 3-bands combination. It is better to report the two MSD set tables for all high order band combinations, like below 
Table 3: MSDs for 2-bands combination set 
	index
	NR-CA
	UL
	UL
	DL
	MSD dB
	Source of MSD

	1
	CA_nx-ny
	nx
	ny
	nx
	xx
	IMD3

	2
	CA_nx-ny
	nx
	N/A
	ny
	xx
	Cross band isolation

	3
	CA_nx-nz
	…
	…
	…
	…
	…

	4
	CA_ ny-nz
	…
	…
	…
	…
	…

	5
	CA_ nw-nr
	…
	…
	…
	…
	…

	6
	CA_ nw-nz
	…
	…
	…
	…
	…

	…
	…
	…
	…
	…
	…
	…


Table 4: MSDs for 3-bands combination set
	index
	NR-CA
	UL
	UL
	DL
	MSD dB
	Source of MSD

	1
	CA_nx-ny-nz
	nx
	ny
	nz
	xx
	IMD2

	2
	CA_nx-ny-nz
	nx
	ny
	nz
	xx
	…

	3
	CA_nw-nr-nz
	nw
	nr
	nz
	xx
	…

	…
	…
	…
	…
	…
	…
	…


Therefore, we propose that:
Proposal 1. UE separately reports lower MSD by two full tables for all band combinations including 3-bands combination set and 2-bands combination set. The table for MSD reporting of 3-bands combination set is only for dual UL falling into the third band DL.
Then, for one certain band combination, the lower MSD includes the MSD for the band combination itself in the high-order band combination table, and the MSD for partial band combinations in the low-order band combination table.  As shown in Figure 1, take CA_n1-n3-n78 as an example, it can deduce the itself lower MSD reporting from full MSD table: firstly, we check the full band combination, i.e. the combination of n1,n3 and n78 according 3-bands combination MSD set. Then, check lower order BC, i..e 2-bands combination MSD set for the fallback band combination.  For CA_n1-n3-n78-nX, we may use the similar way to check both 3-bands combination MSD set and 2-bands combination MSD set.
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Figure 1: The Lower MSD for certain BC
Proposal 2. For one certain band combination, the lower MSD includes the MSD for the full band combination, and the MSD for partial band combinations which refers to the low order band combination based on the reported full MSD table.
2.3 Filtering of Lower MSD reporting
RAN4 pointed out that signaling overhead reduction is an important issue. Filtering lower MSD capability reporting could help reduce unnecessary reporting. According to TR38.881, “The filter conditions may include: frequency band(s), MSD source (such as IMD order), power class, frequency range, and etc.”
According to LS[1], the following parameters may be used for the report filtering:

	Parameters
	Using for report filtering

	power class
	UE reports the lower MSD capability class per MSD type for the highest supported power class and other power classes if requested by the network/regulator.

	Band
	UE reports the lower MSD for the requested victim / aggressor band

	MSD type
	UE reports the lower MSD capability class per MSD type. The following MSD types are agreed to be reported: Harmonic, harmonic mixing, crossband isolation and  type “ALL”.

	MSD order


	UE reports the lower MSD for the requested specified orders of the MSD type. IMD order is up to 5 in Rel-18

	Lower MSD capability class
	UE reports the lower MSD, which meet the requested lower MSD capability class. 
Index

Maximum allowed actual MSD

 (i.e. Thresholds)

Lower MSD

 Capability classes

Note

0

0dB

Ⅰ

No degradation

1

3 dB

Ⅱ

Actual MSD ≤ 3dB

2

6 dB

Ⅲ

Actual MSD ≤ 6dB

3

9 dB

IV

Actual MSD ≤ 9dB

4

12 dB

Ⅴ

Actual MSD ≤ 12dB

5

15 dB

Ⅵ

Actual MSD ≤ 15dB

6

18 dB

Ⅶ

Actual MSD ≤ 18dB

7

22dB

Ⅷ

Actual MSD ≤ 22dB




From a practical point of view, it’s natural to use a combination of above parameters for report filtering. For example, the network may use band and Lower MSD capability class together to filter the reporting. If the network would only consider a maximum allowed 6dB MSD for harmonic interference for n3-n78 harmonics interference for n78, it can consider using the lower MSD capability class as a filtering parameter, and set up the maximum allowed report class as III (index 2), which corresponds to a maximum allowed actual MSD of 6dB. In this case, the UE would report the lower MSD class for this scenario if it can satisfy lower MSD capability class I or II or III. If the UE support lower MSD but can only achieve lower MSD class larger than III, the UE would not report the capability. In this way, the signaling overhead is saved based on network needs. 
Proposal 3. Lower MSD parameters can be used in a combination for report filtering, including power class, band, MSD type, MSD order, lower MSD capability class.
3. Conclusion

Based on the discussion, we have the following observation and proposals:
Observation 1. MSD reporting for 3-bands combination is needed for dual UL falling into the third band DL.

Observation 2. MSD reporting for 2-bands combination is needed for single or dual UL falling into its own DL band.
Proposal 1. UE separately reports lower MSD by two full tables for all band combinations including lower MSD for 3-bands combination set and 2-bands combination set. The table for MSD reporting of 3-bands combination set is only for dual UL falling into the third band DL.
Proposal 2. For one certain band combination, the lower MSD includes the MSD for the full band combination and the MSD for partial band combinations which refers to the low order band combination based on the reportinged full MSD table.
Proposal 3. Lower MSD parameters can be used in a combination for report filtering, including power class, band, MSD type, MSD order, lower MSD capability class.
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