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In RAN2#122 meeting, RAN2 discussed the lower MSD LS [1] from RAN4, and the following agreements were achieved:
	RAN2#122 agreements:
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
Invite for solutions discussion for next meeting.


In this paper, we continue discussing the signaling support for lower MSD based on the agreement in RAN2 and the LS [1] [2] from RAN4.
Discussion
The essential information of lower MSD
Based on the LS [1], UE should be allowed to report the lower MSD capability for any MSD mechanism and order that have been defined in the 3GPP specifications for a given band combination, the essential information considered by RAN4 for the lower MSD capability is as below. 
	· 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]


According to the latest incoming LS [2], some further clarification is as follows:
	After sending the LS on lower MSD to RAN2 in R4-2306594, RAN4 continues the discussion and reached some further agreements. To facilitate RAN2 discussion on the signalling design, RAN4 would like to share the progress with RAN2 in this follow up LS. 

· MSD for different power classes
-	UE reports the lower MSD capability class per MSD type for the highest supported power class for the band combination
▪	UE can additionally report lower MSD capability class per MSD type for other power classes if requested by the network/regulator 

· MSD orders
-	No need to report the order for harmonic/ harmonic mixing/cross band isolation MSD types
▪	Lower MSD capability class reported should apply for all specified orders of the MSD type
-IMD order is up to 5 in Rel-18

· MSD types
-  The following MSD types/orders are agreed to be reported based on the existing spec 
▪ Harmonic, harmonic mixing, crossband isolation, IMD with order=2/3/4/5
-  It is agreed to add a new special lower MSD type as “ALL”, which means all above mentioned MSD types/orders could meet the reported lower MSD threshold/lower MSD capability class
▪ FFS on details of the “ALL” type
-  Other new MSD types may be added later 

· Candidate MSD thresholds
-  The maximum threshold is around 20dB
▪ FFS on the concrete values for thresholds
▪ FFS on whether 2 or 3 bits will be used for threshold range

· Whether to report CBW of aggressor UL and victim DL
-  Channel bandwidth of aggressor UL and victim DL are not necessary to be included in the essential information for lower MSD capability


Regarding the further RAN4 agreements mentioned above:
For power class, it can be seen that the power class should be the highest supported power class or another power class requested by the network, so multiple power class values can be reported according to network configuration. 
For MSD type, the order for Harmonic, harmonic mixing, cross band isolation will be not introduced since the lower MSD capability class reported should apply for all specified orders of the MSD type. But RAN4 also mentioned that MSD types/orders are agreed to be reported for IMD with order=2/3/4/5, and a type “all”  was agreed to indicate that all MSD types/orders meet the reported lower MSD threshold/lower MSD capability class. Thus there are at least 8 MSD types for lower MSD reporting.
And based the further RAN4 discussion, there is no need to report the CBW of aggressor UL and victim DL. 
So based on the incoming RAN4 LS [1][2], the essential information for the lower MSD capability could be summarized as follows, more details needs to wait for further RAN4 progress, e.g., the candidate MSD thresholds.
The essential information of the lower MSD capability in a BC includes:
· Victim band
· MSD type 
· The value could be one of the set{Harmonic, harmonic mixing, cross band isolation, IMD with order 2, IMD with order 3, IMD with order 4, IMD with order 5, all}
· MSD indication of corresponding threshold (or capability class), 
· one set of multiple thresholds for lower MSD, maximum threshold is around 20dB, other values are FFS.
· Power class
· highest supported power class
· other power classes if requested by the network/regulator
Proposal 1: RAN2 confirms that the essential information of the lower MSD capability includes {BC information, Victim band information, power class, MSD type, MSD indication of corresponding threshold (or capability class)}.
The filter for lower MSD capability reporting
Regarding the essential information of lower MSD capability in a BC, the MSD threshold (capability class) is associated to a specific victim band, the MSD type and the power class, so there are multiple lower MSD capability classes for different cases reported to network. Considering there are already many BCs, the signaling overhead will be very large. In this case, the legacy UE capability filter mechanism can be reused for signaling reduction, i.e., the concerned frequency bands for lower MSD can be indicated by network.
Proposal 2: the legacy UE capability filter mechanism can be reused for signaling reduction purpose, i.e., the requested frequency bands for lower MSD reporting can be indicated by network.
Since RAN4 agreed that UE can additionally report lower MSD capability for other power classes if requested by the network/regulator, the parameter used for filtering could also include the requested power class.
Proposal 3: the filtering parameters for lower MSD capability reporting also include the requested power class. 
The issue on fallback mechanism
According to RAN4 LS [1], lower MSD capability for higher order band combination could be inherited from lower order fallback band combinations, the detail could be found 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.


It can be seen that, the capability reporting for lower MSD agreed by RAN4 is not aligned with the legacy fallback signaling design in RAN2. In legacy fallback design, the UE capability in lower order fallback band combination will inherit the one from the higher order band combination. If we reuse the legacy fallback design and explicit signaling is used for each higher order band combination, the lower MSD capability classes need to be repeated in each high order band combination, it will lead to higher signaling overhead. So, it is preferable to introduce an new IE outside the existing BandCombination IE, then a new fallback rule of lower MSD UE capability as mentioned by RAN4 LS could be applied.
Proposal 4: define a new field outside the existing supportedBandCombinationList fields for lower MSD capability, and a new fallback rule for lower MSD UE capability based on lower order band combinations could be applied separately.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: RAN2 confirms that the essential information of the lower MSD capability includes {BC information, Victim band information, power class, MSD type, MSD indication of corresponding threshold (or capability class)}.
Proposal 2: the legacy UE capability filter mechanism can be reused for signaling reduction purpose, i.e., the requested frequency bands for lower MSD reporting can be indicated by network.
Proposal 3: the filtering parameters for lower MSD capability reporting also include the requested power class. 
Proposal 4: define a new field outside the existing supportedBandCombinationList fields for lower MSD capability, and a new fallback rule for lower MSD UE capability based on lower order band combinations could be applied separately.
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