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Introduction
In RAN2#123 meeting, the lower MSD issue was discussed based on RAN4 LS[1][2]. The agreements are as follows. 
	· 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 last meeting, a new LS was received in [3]. In this contribution, we further analyse the signalling design for lower MSD capability based on the agreements above. 
Discussion
In last meeting, it was agreed that the lower MSD capability is reported outside the current BC list, in order to save signalling overhead. Then for the granularity of lower MSD capability, there are following possible solutions:
· Alt1: Define the lower MSD capability in perUE level. This capability indicates a list of 2-band or 3-band combinations with MSD issue. In this way, a special kind of “MSD combination” specifically for lower MSD capability reporting is introduced, and each band entry of this MSD combination will be indicated explicitly, e.g. by FreqBandIndicatorNR. According to RAN4 LS, the victim band within the MSD combination will also be indicated. To be concluded, in Alt1, the MSD threshold is reported per MSD type per victim band per MSD combination. 
· Alt2: Define the lower MSD capability in perband level for each victim band. In this way, there is no need to indicate the victim band explicitly with additional signalling. But for each victim band, the aggressor band(s) should be indicated explicitly, e.g. by FreqBandIndicatorNR. To be concluded, in Alt2, the MSD threshold is reported per MSD type per aggressor band(s) per victim band.
Generally, we think both Alt1 and Alt2 can work. The difference between these two alternatives is how the victim /aggressor bands are signalled. In the following table-1, we compare the signalling overhead of these two alternatives in two-bands and three-bands combinations separately. Assuming indication of a band entry through FreqBandIndicatorNR is 10 bit, and indication of a victim band index within a MSD combination is 2bit. 
Table-1 Signalling overhead for Alt1 and Alt2
	Cases
	Alt1 signalling
	Alt2 signalling
	Better 

	Two bands (case1) 
	Case1-1: There is only one victim band in the MSD combination, e.g. A(victim) + B(aggressor)
	band entry: A, B;
victim band index: 1
(22bit)
	aggressor band: B;
(10bit)
	Alt2

	
	Case1-2: Either the two bands can be victim bands, e.g. A(victim) + B(aggressor), or A(aggressor) + B(victim)
	band entry: A, B;
victim band index: 1; or
victim band index: 2
(24bit)
	aggressor band: B; 
or
aggressor band: A
(20bit)

	Alt2

	Three
Bands
(case2)

	Case2-1: There is only one victim band in the MSD combination, e.g. A(victim) + B(aggressor) + C(aggressor)
	band entry: A, B, C;
victim band index: 1
(32bit)
	aggressor bands: B, C
(20bit)
	Alt2

	
	Case2-2: Two bands can be victim bands, e.g. 
A(victim) + B(aggressor) + C(aggressor), or
A(aggressor) + A(victim)+C(aggressor)
	band entry: A, B, C;
victim band index: 1; or
victim band index: 2
(34bit)
	aggressor bands: B, C;
or,
aggressor bands: A, C
(40bit)
	Alt1

	
	Case2-3:Three bands can all be victim bands, e.g. 
A(victim) + B(aggressor) + C(aggressor), or
A(aggressor) + B(victim)+C(aggressor), or
A(aggressor) + B(aggressor)+C(victim)
	band entry: A, B, C;
victim band index: 1; or
victim band index: 2; or
victim band index: 3
(36bit)
	aggressor bands: B, C;
or,
aggressor bands: A, C;
or,
aggressor bands: A, B
(60bit)
	Alt1



Based on Table-1, Alt1 is more efficient when there is more than one victim band in a three-bands combination(e.g. case2-2, case2-3). In other cases (e.g. case1-1, case2-1), Alt2 is better. It should be noted that the above case1-2 is not valid because in a two-bands combination, except caused by IMD, MSD can only come from one UL band to another DL band, but the opposite MSD won’t exist at the same time.
According to the analysis above, it is hard to say which alternative is absolutely better. According to the RAN4 LS[1], the 2-bands combination will be used for lower MSD capability reporting in harmonic, harmonic mixing, cross band isolation, and inter modulation (IMD) when the victim band is among the two bands, while the 3-bands combination will be used only for IMD when the victim band is the third band different from the two aggressor bands. Thus, we think there may be more cases when Alt2 is more beneficial for signalling overhead. 
Proposal 1: The lower MSD capability is reported in perband level for each victim band.
According to the RAN4 LS, the lower MSD capability includes following fields:
1) MSD 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


2) Victim band/aggressor band
If proposal 1 is agreed, the victim band could be derived implicitly, and the aggressor band(s) of this victim band should be indicated explicitly.
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. 
4) Power class
For a 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. 
In conclusion, for the lower MSD capability reporting of the victim band, we think at least a 4-tuple unit <MSD threshold, aggressor band(s), MSD type, power class> should be reported. In other words, the lower MSD threshold is reported for the victim band per aggressor band(s) per MSD type per power class.
Proposal 2: If proposal 1 is agreed, for each victim band, the lower MSD capability is reported in a 4-tuple unit <MSD threshold, aggressor band(s), MSD type, power class>.
According to analysis above, for a specific victim band and aggressor band(s), 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 for this victim band/aggressor band(s) for all MSD types below the reported threshold. According to RAN4, 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). Cosidering 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.
Proposal 3: An “ALL” MSD type is defined to indicate the reported MSD threshold is for all MSD types defined in Rel-18.   
In our view, considering the lower MSD capability is used for better CA/DC configuration and scheduling for the network, the capability filter requested from the network is helpful to decrease signaling overhead in radio interface. That means, the UE only report its lower MSD capability when there is a request from the NW. 
Proposal 4: The lower MSD capability is only reported when there is a request from the NW. 
In current TS38.331, the supported band combinations are reported based on the frequency band filter requested from the NW (i.e. frequencyBandListFilter). Only the bands requested by the NW will be included in a band combination.
	TS 39.331 5.6.1.4
The UE shall:
1>	compile a list of "candidate band combinations" according to the filter criteria in capabilityRequestFilterCommon (if included), only consisting of bands included in frequencyBandListFilter, and prioritized in the order of frequencyBandListFilter (i.e. first include band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on), where for each band in the band combination, the parameters of the band do not exceed maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL, maxCarriersRequestedUL, ca-BandwidthClassDL-EUTRA or ca-BandwidthClassUL-EUTRA, whichever are received;



In last meeting, it was agreed that the lower MSD capability will be reported outside the band combination list. However, even though the capability signalling is reported outside the BC list, for example, reported in perband level as P1 proposed, we understand similar principle for capability filter should be applied to save signalling overhead. All the victim bands and aggressor bands should be reported based on the existing frequency band filter provided by the NW. In other words, only the frequency bands requested by the NW will be reported as victim bands and aggressor bands for lower MSD capability. 
Proposal 5: Only the frequency bands requested by the NW in freuqnecyBandListFilter can be reported as victim bands and aggressor bands for lower MSD capability.
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 6: 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.
The corresponding draft 38.331 and 38.306 CRs are provided in [4][5].
Conclusion
In this contribution, we have following proposals:
Proposal 1: The lower MSD capability is reported in perband level for each victim band.
Proposal 2: If proposal 1 is agreed, for each victim band, the lower MSD capability is reported in a 4-tuple unit <MSD threshold, aggressor band(s), MSD type, power class>.
Proposal 3: An “ALL” MSD type is defined to indicate the reported MSD threshold is for all MSD types defined in Rel-18.   
Proposal 4: The lower MSD capability is only reported when there is a request from the NW. 
Proposal 5: Only the frequency bands requested by the NW in freuqnecyBandListFilter can be reported as victim bands and aggressor bands for lower MSD capability.
Proposal 6: 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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