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1. Introduction
About the lower MSD capability signaling, there is an LS received from RAN4[1], in which besides the essential information, some other agreements reached in RAN4 were also provided.
	To facilitate the initial discussion of the signalling design for lower MSD capability, the following agreements reached so far are provided, which are essential information considered by RAN4 for the capability: 
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD indication of corresponding threshold (or capability class)
· Power class
· [Aggressor UL and victim DL bandwidth]
Upon the essential information, some other agreements reached in RAN4 (up to RAN4#106-bis-e) could also be referred for the signalling design: 
· A UE should be allowed to report the low MSD capability for any MSD mechanism and order that have been defined in the 3GPP specifications for a given band combination.
· No dynamic signaling scheme will be introduced for lower MSD report in Rel-18
· Define one set of absolute multiple thresholds for lower MSD
· Respective MSD indication of corresponding threshold(s) are reported with one of the thresholds listed in the set 
· 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.
· UE is allowed to report lower MSD capability for different power classes
Since a band combination may suffer reference sensitivity degradation from different MSD types and orders (e.g. CA_n3-n78 could have MSDs caused by harmonic, harmonic mixing, 2nd order IMD and 4th order IMD with different levels for certain UL/DL configurations in the operating bands), signalling overhead reduction is also an important issue discussed in RAN4.


In this paper, we will share our preliminary thinking on the signaling design. 
2. Discussion
In this chapter, we first discuss which message shall be considered for the lower MSD capability reporting (e.g. UAI or UE capability), then discuss the MSD capability structure, and at last discuss the signaling overhead issue.
Lower MSD capability Signaling
For the lower MSD capability reporting, the UE can report it either through the UAI or through the UE capability. The UAI can be seen as a dynamic scheme for that once the Lower MSD capabilities were updated, the UE can indicate it to the network with UAI. However, during RAN4 discussion, it has been agreed that no dynamic signaling scheme will be introduced for lower MSD report in Rel-18, thus only the UE capability signaling can be considered for the lower MSD capability reporting.
	· No dynamic signaling scheme will be introduced for lower MSD report in Rel-18


Proposal 1: RAN2 to confirm that the UE report the lower MSD capability only in the UE capability message.
Lower MSD capability Structure
According to the LS the below items would be considered for the Lower MSD capability reporting:
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD indication of corresponding threshold (or capability class)
· Power class
· [Aggressor UL and victim DL bandwidth]
Besides, it was also agreed that： 
	· 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
· UE is allowed to report lower MSD capability for different power classes


Based on the above agreements, for the 2 bands BC, the capabilities can be report with the below structure:


Fig 1: Lower MSD Capability Structure for the BC with 2 bands
Proposal 2: The signaling structure in the Fig1 can be taken as a start point for the 2 bands combination.
Furthermore, when considering the blue highlighted agreements below, some further clarification are still needed. 
	· Lower MSD capability for higher order combination is inherited from lower order fallback combinations
· 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.
· UE is allowed to report lower MSD capability for different power classes


Let’s consider 3 BCs as below, we assume they have the same per BC power class.
	BC1 = Band A (bandwidth class x)+ Band B (bandwidth class y)
BC2 = Band A (bandwidth class x)+ Band B (bandwidth class y) + Band C (bandwidth class m) 
BC3 = Band A (bandwidth class x)+ Band B (bandwidth class y) + Band D (bandwidth class n) 


According to the RAN4’s agreement, it seems that the lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) of band A+ band B are the same across these 3 BCs. In other words, the lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) of 2 bands are independent from its parent BCs (i.e. the BC with 2 or more than 2 bands).
Proposal 3: Ran 2 to confirm that the lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) of 2 bands are independent from its parent BCs (i.e. the BC with 2 or more than 2 bands).
Proposal 3a: If no consensus were achieved in RAN2 on the proposal 3, an LS can be sent to RAN4 for the clarification.
Lower MSD capability Signaling Overhead
As indicated in the LS, the signalling overhead reduction is also an important issue discussed in RAN4. From the above structure, we can see that the Lower MSD capability was quite complex, some filter-based mechanism maybe needed to reduce the singaling overhead.
Proposal 4: Ran2 to discuss whether to introduce filter-based mechanism for the Lower MSD capability reporting.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: RAN2 to confirm that the UE report the lower MSD capability only in the UE capability message.


Fig 1: Lower MSD Capability Structure for the BC with 2 bands
Proposal 2: The signaling structure in the Fig1 can be taken as a start point for the BC with 2 bands.
Proposal 3: Ran 2 to confirm that the lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) of 2 bands are independent from its parent BCs (i.e. the BC with 2 or more than 2 bands).
Proposal 3a: If no consensus were achieved in RAN2 on the proposal 3, an LS can be sent to RAN4 for the clarification.
Proposal 4: Ran2 to confirm whether to introduce filter-based mechanism for the Lower MSD capability reporting.
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