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Introduction
In RAN2#123 meeting, the lower MSD issue was discussed based on RAN4 LS[1][2][3]. The agreements are as follows. 
[bookmark: _Hlk149587481]Agreements on MSD capability:
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}.  Wait for RAN4 further information on power class
2. Lower MSD capability is reported in a “per victim band” way (i.e., in IE bandNR). Multiple entries corresponding to multiple BCs can be reported for one victim band, and one or two aggressor bands can be indicated in each entry
3. The legacy UE capability filtering mechanism can be reused for signaling reduction purpose, i.e., the requested frequency bands for lower MSD reporting can be indicated by existing signalling.
4. Send an LS to RAN4 to ask questions about power class, how it is meant to be used, whether it is per band, per BC, etc 

In last meeting, a new LS was received in [4]. In this contribution, we further analyse the signalling design for lower MSD capability based on the agreements above. 
Discussion
In the last RAN2 meeting, it is agreed that the essential information of the lower MSD capability includes {BC information, Victim band information, power class, MSD type, MSD indication of corresponding threshold}.  For the power class, RAN2 had sent a LS to RAN4 for further information. For other essential information agreed, based on the RAN4 LS, the values of the essential lower MSD capability information are extracted from the LS and the ASN.1 structure are illustrated:
1) MSD class threshold
According to [3], the maximum MSD threshold is as follows with 3-bit signalling.
	Index
	Maximum allowed actual MSD
 (i.e. Thresholds)
	Lower MSD
 Capability classes
	Note

	0
	0 dB
	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
	22 dB
	VIII
	Actual MSD ≤ 22dB



Observation#1: The MSD threshold is classified into lower MSD capability classes and their values of the MSD Class are defined as {classI, classII, classIII, classIV, classV, classVI, classVII, classVIII}

2) Victim band/aggressor band
Based on the agreement 2 (‘Lower MSD capability is reported in a “per victim band” way (i.e., in IE bandNR). Multiple entries corresponding to multiple BCs can be reported for one victim band, and one or two aggressor bands can be indicated in each entry, the victim band could be derived implicitly via the BandNR, and the aggressor band(s) of this victim band should be indicated explicitly within the lower MSD capability information and there can be multiples of the aggressor band(s) associated with the same victim band.  Hence the lower MSD capability information can contain a list of one and/or two aggressor band(s) associated with the victim band.
Observation#2: The lower MSD capability information can contain a list of one and/or two aggressor band(s) associated with the victim band.
3) MSD type
There are following types: harmonic, harmonic mixing, cross band isolation, IMD. For inter modulation, there are four orders of 2,3,4 and 5. These four orders could be considered as four MSD types, i.e. IMD 2, IMD3, IMD4, and IMD5. 
Observation#3: The values of the MSD type are defined as {harmonic, harmonic mixing, cross band isolation, IMD2/3/4/5}.
4) Power class
For an MSD combination, the lower MSD threshold for the same MSD type is different for different power classes. According to RAN4 LS, the UE reports the lower MSD capability for the highest power class of the band combination. 
One issue is, if the lower MSD capability is reported outside the band combination, it is ambiguous what is the highest power class for the corresponding band combination. 
For example, there are following band combinations reported by the UE: 
BC#1: {bandA + bandB + bandC}, the highest power class is PC2;
BC#2: {bandA + bandB + bandD}, the highest power class is PC3;
The BC#1 and BC#2 both include bandA and bandB, however, the highest power class for the two BCs are different. In this case, we understand for lower MSD capability reporting, the UE should also indicate the applicable power class explicitly. Otherwise, if the power class is absent, the NW doesn’t know the reported lower MSD capability is for which power class. If bandA is the victim band and bandB is the aggressor band, then for bandA as victim band, there is a need to list the threshold/MSD class for each of the highest power class for a band combination.  An example of the ASN.1 structure can be as follows:
BandNR ::=                          SEQUENCE {

...
{Other parameters}
...
	[[
lowerMSD-r18			SEQUENCE (SIZE (1..maxLowerMSD)) OF LowerMSD-r18           OPTIONAL
]]
}

LowerMSD-r18 ::=		SEQUENCE {
	aggressorband1-r18		FreqBandIndicatorNR											OPTIONAL,
	aggressorband2-r18		FreqBandIndicatorNR											OPTIONAL,
	msdThresholds-r18        SEQUENCE (SIZE (1..maxLowerMSD)) OF MSDThresholds-r18		OPTIONAL
}

MSDThresholds-r18 ::=		SEQUENCE {
msdType-r18		ENUMERATED {harmonic,harmonicMixing,crossBandIsolation,imd2,imd3,imd4,imd5,all}	OPTIONAL,
	msdPowerClass-r18	ENUMERATED {pc1dot5, pc2, pc3}						OPTIONAL,
[bookmark: _Hlk149654503]	msdClass-r18	ENUMERATED {classI,classII,classIII,classIV,classV,classVI,classVII,classVIII}	   OPTIONAL
}

Observation#4: For a victim band and aggressor band(s), different MSD Type and power class pair can have different lower MSD capability class.
In conclusion, for the lower MSD capability reporting of a victim band, the UE can report for each one or 2 aggressor band(s) entry one or more MSD thresholds each associated with an MSD type and power class.
Proposal 1: For each victim band, the lower MSD capability is reported as follows:
· For each victim band, it can list multiples of 1 and/or 2 aggressor bands. The aggressor band is defined using the FreqBandIndicatorNR;
· Within each entry of the list, other than the aggressor band(s), the MSD threshold can be indicated for each possible {MSD type, Power class} associated with the victim band and aggressor band(s).
· [bookmark: _Hlk149828360]The values of the MSD type are defined as {harmonic, harmonic mixing, cross band isolation, IMD2/3/4/5}
· The values of the Power Class are defined as {pc1dot5, pc2, pc3}
· The values of the MSD Class are defined as {classI, classII, classIII, classIV, classV, classVI, classVII, classVIII}

As a specific victim band may have many aggressor band(s) associated with the different band combinations, there may be a large amount of information to be indicated when lower MSD is supported for different MSD types, which brings a heavy signalling overhead. We consider there may be a situation that the UE is able to support the lower MSD capability for all MSD types below the same reported threshold that are applicable to this victim band/aggressor band(s). According to RAN4 LS [4], an “ALL” MSD type could be defined to indicate the MSD threshold is for all possible MSD types for the pair of victim band/aggressor band(s). Considering there may be new MSD type(s) introduced in future releases, this “ALL” type can refer to all the MSD types in Rel-18. In this way, the risk of NBC can be avoided.
[bookmark: _Hlk149854444]Proposal 2: An “ALL” MSD type is defined to indicate the reported MSD threshold for all MSD types defined in Rel-18, applicable to the associated victim band/the aggressor bands.   
In the last meeting, it is agreed that the legacy UE capability filtering mechanism can be reused for signaling reduction purpose, i.e., the requested frequency bands for lower MSD reporting can be indicated by existing signalling (frequencyBandListFilter). 
Additionally, according to RAN4, the UE can report the lower MSD capability for other power classes (i.e. fallback power classes of the band combination) if requested by the network/regulator. For example, the highest supported power class for above BC#1 is PC2. Then the UE should report the lower MSD capability for PC2 if supported. If the NW is interested to other power class (e.g. PC3), the UE can additionally report the lower MSD capability for PC3 if supported. To fulfil the requirement, a capability filter on power class for lower MSD capability reporting should be introduced.
Proposal 3: If the NW requests for certain power class(es), the lower MSD capability for the highest power class as well as the requested power class(es) should be reported if supported; otherwise, the lower MSD capability for the highest power class of corresponding band combination including victim band and aggressor band(s) is reported.
In the latest RAN4 LS [4], RAN4 informs RAN2 that some of the MSD types and different UL configurations are not considered in Rel-18.  An example table is provided in the LS. Our understanding is that this has no impact to RAN2 signalling or the field description.
The corresponding draft 38.331 and 38.306 CRs are provided in [5][6].
Conclusion
In this contribution, we have following observations and proposals:
Observation#1: The MSD threshold is classified into lower MSD capability classes and their values of the MSD Class are defined as {classI, classII, classIII, classIV, classV, classVI, classVII, classVIII}
Observation#2: The lower MSD capability information can contain a list of one and/or two aggressor band(s) associated with the victim band.
Observation#3: The values of the MSD type are defined as {harmonic, harmonic mixing, cross band isolation, IMD2/3/4/5}.
Observation#4: For a victim band and aggressor band(s), different MSD Type and power class pair can have different lower MSD capability class.
Proposal 1: For each victim band, the lower MSD capability is reported as follows:
· For each victim band, it can list multiples of 1 and/or 2 aggressor bands. The aggressor band is defined using the FreqBandIndicatorNR;
· Within each entry of the list, other than the aggressor band(s), the MSD threshold can be indicated for each possible {MSD type, Power class} associated with the victim band and aggressor band(s).
· The values of the MSD type are defined as {harmonic, harmonic mixing, cross band isolation, IMD2/3/4/5}
· The values of the Power Class are defined as {pc1dot5, pc2, pc3}
· The values of the MSD Class are defined as {classI, classII, classIII, classIV, classV, classVI, classVII, classVIII}

Proposal 2: An “ALL” MSD type is defined to indicate the reported MSD threshold for all MSD types defined in Rel-18, applicable to the associated victim band/the aggressor bands.   
Proposal 3: If the NW requests for certain power class(es), the lower MSD capability for the highest power class as well as the requested power class(es) should be reported if supported; otherwise, the lower MSD capability for the highest power class of corresponding band combination including victim band and aggressor band(s) is reported.
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