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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, lower MSD is one of the targets for FR1 enhancement WI, and the objectives from WID [1]. This paper will discuss the signalling aspects.

2 Discussion
2.1 MSD signalling
In [2], it is pointed out that the MSD improvement study in this work item has impact to MSD signaling design. If the MSD improvement study is only for the feasibility justification purpose, then the MSD signaling design can be considered independently from the improvement study as long as the improvement is feasible. Otherwise, if the MSD improvement study will lead to another set of MSD requirement, then the signaling will be used to indicate which MSD requirement the UE will compliant. Therefore, the MSD signaling design depends on what is the target and outcome of the MSD improvement study. Below will discuss the possible signaling separately for them.

[bookmark: _Hlk115169801]When separate improved MSD requirements are defined in RAN4
If separate improved MSD requirements are defined in RAN4, then most likely it is an optional feature/requirement, and UE has to indicate whether it will meet this improved requirement or the legacy minimum requirements. In this case, a capability report signalling will be needed.

Another point is that the improved MSD requirements probably will be defined for different interference types separately, e.g. the IMD interference, harmonic interference, harmonic mixing interference, and Tx leakage interference, etc. For some band combinations only one of the interferences exist, then the improved MSD will be straight forward and capability can be reported per band combination with or without interference type since the interference type will be clear to NW. However, for some other band combinations more than one interference type could exist in one band combination. In this case, separate improved MSD requirements will be defined and when UE indicate it supports the improved MSD probably it can be defined as per interference type per band combination. To consider these different scenarios, the improved MSD capability indication can be aligned as per interference per band combination reported.

Observation 1:    When only one interference type exists, UE can indicate support the improved MSD requirement per band combination. When several interference types exist for one band combination, UE can indicate support the improved MSD requirement per interference type per band combination.

Proposal 1:         When separate improved MSD requirements are defined in RAN4, UE indicate supporting improved MSD requirement with per interference type per band combination granularity.

[bookmark: _Hlk115183107]When MSD improvement study is only for feasibility justification purpose
In this case, the MSD improvement study will not lead to separate new requirements in RAN4 and is just for the MSD improvement feasibility justification purpose. The signaling design, and granularity can be more flexible.

Regarding the signaling purpose, generally the signaling should be used to report UE capability of “improved MSD” comparing to current minimum MSD requirement and the so called “improved MSD” is based on UE declaration/NW request rather than MSD defined in RAN4 spec.

The way to determine “improved MSD” can rely on predefined MSD threshold (e.g. 10dB improvement for all band combinations) or NW configured threshold (e.g. 10dB for one band combination and 20dB for another band combination, etc.). Comparing these two, the predefined threshold is simple and can be applied only to the band combinations which has large MSD values today, but the NW configured thresholds could be more flexible and can get more precise information of UE MSD based on per band combination or even per interference type MSD reporting request configurations and the configuration can even support several thresholds.

Observation 2:    When MSD improvement study is only for feasibility justification purpose, the threshold needs to be set either by predefinition or NW configurations. And the predefinition approach could be simple, while NW configuration approach could be flexible.

[bookmark: _Hlk115184075]Current MSD requirements in RAN4 are quite different for different band combinations, from around 1dB to more than 30dB. And the MSD impacts are different for different band combinations considering the REFSENS are not same. From this perspective NW configuration-based approach probably could be more suitable. And the threshold could be one of the values from several candidates like {5dB, 10dB, 15dB, 20dB}. The threshold value here could mean the real absolute MSD that UE can achieve, or the MSD improvement comparing to current minimum requirements. And from implementation perspective, the real absolute MSD could be much easier since it doesn’t need to further check the MSD tables in RAN4.

Observation 3:    MSD signaling can be used to indicate the absolute MSD that UE can achieve or the relative MSD improvement comparing to current minimum requirements.

Proposal 2:         When no improved MSD requirement to be defined in RAN4 spec, MSD signaling is used to indicate the real absolute MSD that UE can achieve.

Proposal 3:         If MSD threshold is NW configuration based, then several candidate thresholds can be defined, for example {5dB, 10dB, 15dB, 20dB}.

For the case of one band combination have several interference types, like the Tx leakage interference, IMD interference, etc. These interferences could degrade the REFSENS simultaneously and it is difficult for UE to tell which interference type have how much MSD. And with the real absolute MSD reported (threshold based) then UE can simply indicate the combined interference impacts. From this sense, per band combination reporting granularity probably is enough for NW to decide whether the band combination can be configured or not. Finer granularity like per interference type per BC can give NW more information but the reporting complexity will also be high since it is connected with the Tx/Rx RB configurations and power levels which are not predefined, whether it is necessary to go into this level needs further consideration.

Observation 4:    When one band combination has several interference types, the real MSD reporting can show the combined impacts of the interferences.

Proposal 4:         Per band combination granularity can be applied for threshold configuration and also UE reporting to indicate the real sensitivity.

[bookmark: _Hlk115187077]2.2 NW behaviour of MSD signalling
The NW behavior regarding MSD signaling has been brought up in the discussions, and concerns on the usage of this MSD signaling are:
· MSD requirement just represent the worst case which doesn’t necessarily mean UE cannot work at all with a certain band combination for example when UE is in the cell center, or when UE Tx power is not high, etc. Therefore, using MSD to decide whether UE can work with a band combination is not always proper;
· How NW will use this reported MSD signaling is unknow;

Usually NW behaviour in handling of UE capability reporting is that NW will consider it but not forced to follow it considering the multi-users in the cell. And from the beginning of this MSD reporting discussion, it is clear that this MSD signalling will help NW to tell good UE from normal UE, and can configure one band combination with large MSD defined in RAN4 to the good UE. How to treat the normal UE is undefined and is something beyond the 3GPP specifications, though companies have the worries that NW will no longer configure normal UEs with the large MSD band combinations.

To solve the concern of MSD only represent the worst case and it is not that bad in many scenarios in the cell, probably the real time MSD reporting / interference indication could help. This is kind of dynamic MSD reporting approach pending on further discussions.

Observation 5:    MSD signaling is to tell good UE (with low MSD) from normal UE (with large defined MSD), and how NW will handle the band combination configuration based on the MSD capability reporting is up to NW implementation and is beyond 3GPP specifications.

Proposal 5:         How NW handle the band combination configuration based on the MSD capability reporting is up to NW implementation.

Proposal 6:         Further consider dynamic MSD reporting to indicate the real time interference status.


3 Conclusion
In this paper, we discussed the possible MSD signaling approaches, and got following observations and proposals.

MSD signalling
When separate improved MSD requirements are defined in RAN4

Observation 1:    When only one interference type exists, UE can indicate support the improved MSD requirement per band combination. When several interference types exist for one band combination, UE can indicate support the improved MSD requirement per interference type per band combination.

Proposal 1:         When separate improved MSD requirements are defined in RAN4, UE indicate supporting improved MSD requirement with per interference type per band combination granularity.

When MSD improvement study is only for feasibility justification purpose

Observation 2:    When MSD improvement study is only for feasibility justification purpose, the threshold needs to be set either by predefinition or NW configurations. And the predefinition approach could be simple, while NW configuration approach could be flexible.

Observation 3:    MSD signaling can be used to indicate the absolute MSD that UE can achieve or the relative MSD improvement comparing to current minimum requirements.

Proposal 2:         When no improved MSD requirement to be defined in RAN4 spec, MSD signaling is used to indicate the real absolute MSD that UE can achieve.

Proposal 3:         If MSD threshold is NW configuration based, then several candidate thresholds can be defined, for example {5dB, 10dB, 15dB, 20dB}.

Observation 4:    When one band combination has several interference types, the real MSD reporting can show the combined impacts of the interferences.

Proposal 4:         Per band combination granularity can be applied for threshold configuration and also UE reporting to indicate the real sensitivity.

NW behaviour of MSD signalling

Observation 5:    MSD signaling is to tell good UE (with low MSD) from normal UE (with large defined MSD), and how NW will handle the band combination configuration based on the MSD capability reporting is up to NW implementation and is beyond 3GPP specifications.

Proposal 5:         How NW handle the band combination configuration based on the MSD capability reporting is up to NW implementation.

Proposal 6:         Further consider dynamic MSD reporting to indicate the real time interference status.
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