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1. Introduction
The indication of low MSD had been discussed in several RAN4 meetings during Rel.17 timeframe, however due to the diverse views and the limited time, the investigation of low MSD topic was left to Rel.18, included in the WI of further RF requirements enhancement for NR and EN-DC in frequency range 1 [1].
The low MSD related objectives in [1] are listed below:
	· Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic mixing, IMD and cross band isolation)

· Study how the MSD performance can be improved for the example band combinations

· Study of MSD improvement with different MSD sources (harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing)

· Study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed

· Aim to conclude the study phase by RAN#99, and further discuss in RAN#99 how to handle the objective based on the study progress.


As the feasibility of the low MSD was already provided in the past meetings [2][3][4][5], in this contribution, we focus on the capability signaling aspect with several proposals.
2. Discussion

Based on the discussion in the past RAN4 meetings, it is observed that some devices in the field can already do far better than the minimum requirement of some combinations in terms of the MSD in the specification [2][3], also a significant MSD improvement is observed with aggressive assumption on PCB isolation, with the result confirmed by the measurement of a prototype device [4].
Observation 1: It is observed that significant MSD improvement compared to the minimum requirement is already achievable for some devices in some band combinations.
Although the UE vendors had put a great effort on providing way better performance than the minimum requirement, it is a pity that currently network had no information on it. As providing good and efficient multi-carrier performance is quite important for the operators, in our view, it will be beneficial to indicate the low MSD support to the network, such information can not only be used for different scheduling strategies, and also on the PScell/Scell addition decision. More aggressive decision for the PScell/Scell addition can be applied to the UE with low MSD support when configuring the target band combination with severe harmonic/IMD interference on the spectrum holding.
Observation 2: The indication of low MSD can be beneficial for the network including scheduling and the decision of PScell/Scell addition.
Second, regarding the capability signalling, in our view the MSD can be optimized for specific band combinations, so it is straight forward to apply the capability as per band combination. However, compared with the initial focus on the harmonic and the IMDs only, the scope of the interference type is also extended to include the cross band isolation and harmonic mixing, though in our view with the improvement on the PCB isolation, the MSD of all interference type will also be improved, but we are open to discuss whether different MSD type is also needed to be indicated separately under per band combination.
Proposal 1: The low MSD capability is per band combination, and whether different MSD type is also needed to be indicated separately under per band combination can be further considered based on the reporting method.
Then we propose several options for the low MSD reporting method below.
Proposal 2: The low MSD reporting method can be based on one bit indication or the MSD improvement values compared to the current spec, or the exact MSD values, as options below.
· Option 1: the one bit indication of Low MSD implies that all PC3 MSD of this given band combination is < X dB if the MSD in the spec is higher than Y dB or 0 dB if the MSD in the spec is below Y dB, and probably additional X2, Y2 can be set for PC2 IMD when UL PC2 is supported.
This option is based on the proposal in [4], that “Low MSD” is specified as [6] dB for those band combinations where the current MSD is 10 dB or higher and [0] dB for those band combinations where the current MSD is below 10 dB.”, with one small addition on PC2 support aspect.
· Option 2: the low MSD report includes MSD = 0 and multiple of X dB improvement for a given interference type.
In this option, if the UE indicates the support of low MSD capability for a given combination, the UE shall also report at least one improvement for a given interference type, for example the UE can provide PC3 harmonic improvement with one of the following options (MSD=0, [6] dB improvement, [12] dB improvement, [18] dB improvement), if the UE also improves the IMD, it can report additionally with similar method.
· Option 3: the low MSD report includes MSD = 0 and multiple of X dB exact values of the actual MSD for a given interference type.
In this option, if the UE indicates the support of low MSD capability for a given combination, the UE shall also report at least one exact actual MSD value after the improvement for a given interference type, for example the UE can provide a PC3 harmonic value with one of the following options (MSD=0, [6] dB, [12] dB, [18] dB), and the chosen value should be smaller than the minimum requirements in the specification. If the UE also improves the IMD, it can report additionally with similar method.
Option 1 can provide the simplest general solution, however option 2 and option 3 allows more flexibility on the report but with increased signalling size. Note that for option 2 and option 3, further discussion on the reported interference type is needed, in our mind for the two band combinations, the following interference types can be considered, including “PC3 harmonic”, “PC3 IMD2 impact on L band”, “PC3 IMD3 impact on L band”, “PC3 IMD2 impact on H band”, “PC3 IMD3 impact on H band”, “PC2 IMD2 impact on L band”, “PC2 IMD3 impact on L band”, “PC2 IMD2 impact on H band”, “PC2 IMD3 impact on H band”.
3. Conclusion

Observation 1: It is observed that significant MSD improvement compared to the minimum requirement is already achievable for some devices in some band combinations.
Observation 2: The indication of low MSD can be beneficial for the network including scheduling and the decision of PScell/Scell addition.
Proposal 1: The low MSD capability is per band combination, and whether different MSD type is also needed to be indicated separately under per band combination can be further considered based on the reporting method.
Proposal 2: The low MSD reporting method can be based on one bit indication or the MSD improvement values compared to the current spec, or the exact MSD values, as options below.

· Option 1: the one bit indication of Low MSD implies that all PC3 MSD of this given band combination is < X dB if the MSD in the spec is higher than Y dB or 0 dB if the MSD in the spec is below Y dB, and probably additional X2, Y2 can be set for PC2 IMD when UL PC2 is supported.

· Option 2: the low MSD report includes MSD = 0 and multiple of X dB improvement for a given interference type.
· Option 3: the low MSD report includes MSD = 0 and multiple of X dB exact values of the actual MSD for a given interference type.

Note that for option 2 and option 3, the reported interference types can be further discussed.
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