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1 Introduction
RAN#95-e approved Rel-18 RF FR1 enhancements WI [1]. One of the objectives in the WI is to study and introduce lower MSD. This paper provides our initial view on the topic.
2 Discussion
2.1 Background
RAN#95-e approved Rel-18 RF FR1 enhancements WI [1]. One of the objectives in the WI is to study and introduce lower MSD. The objectives for lower MSD in the WID are shown below:
Objectives of lower MSD from WID [1]:
Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations [RAN4]

· 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.

2.2 Discussion
 
Before the objectives were agreed in RAN, there had been related discussion [2][3], where several approaches had been discussed. The following two approaches seems major approaches that several companies had comments on:
· Approach 1: Improve single MSD value for all band combinations without UE capability, and replace all existing MSD.

· Approach 2: Introduce UE capability to distinguish lower MSD UE.

In our understanding, Approach 1 means that we will revisit the current assumption used for deriving MSD values. If we can agree to improve some parameters of the assumption, then we will replace all existing MSD values with improved MSD values from a certain release of the specification. For example, if we agree to introduce improved MSD from Rel-X, UEs being compliance with Rel-X -1 and before follow legacy MSD values and UEs being compliance with Rel-X and later follow improved MSD. Therefore, Approach 1 does not need a UE capability, and UE supporting a band combination shall meet the related MSD values specified in the corresponding release in the same manner as before. The advantage of Approach 1 would be that we can confirm that all UEs from the said release can improve MSD values.

Approach 2 is to introduce improved MSD as an optional feature with UE capability indication. The granularity of signalling needs further discussion, but, for example, assuming that the improved MSD capability is defined per band combination, then UE indicating band combination with improved MSD capability will follows the improved MSD. How to indicate the delta between improved MSD and legacy MSD is also one of discussion points such as indicating the relative values between improved and legacy MSD, or indicating the improved MSD as absolute value. Regarding an advantage of Approach 2, we think approach 2 would achieve larger MSD improvements compared to approach 1 thanks to optionality of the feature.
Observation 1: It is expected that approach 2 would achieve larger MSD improvements compared to approach 1 thanks to optionality of the feature.

· Approach 1: Improve single MSD value for all band combinations without UE capability, and replace all existing MSD.

· Approach 2: Introduce UE capability to distinguish lower MSD UE.

Our preference is approach 2 since larger MSD improvements may give benefits in terms of selection of operated band combinations. As stated in [4], MSD values would be one of the factors when operators select their operated band combinations. When MSD values for a certain band combination is larger such as about 30dB, operators who use the band combination need to accept a possible risk caused by large sensitivity degradation in real operation. If the MSD values is improved by only 5dB, for example, the MSD value is still 25 dB and the situation does not change significantly. On the other hand, if UE can achieve very low MSD such as 5 dB, NW can operate the band combination with less risk. One possible operation to utilize the capability information is that NW will configure a certain band combination which has originally larger MSD values to UE indicating lower MSD capability, and will not configure to UE not indicating the capability. 
Observation 2: larger MSD improvements may give benefits in terms of selection of operated band combinations from operators’ perspective.

As mentioned above, one of the discussion of approach 2 is signalling design. The granularity can be per UE, per band combination, or per MSD sources. Regarding the granularity of per MSD source, we think per MSD source may be smaller granularity but may work in some cases because not all MSD sources specified for a certain band combination do matter in actual operation. That is, whether a MSD does matter or not depends the operators’ spectrum holdings. For example, given that a band combination has large MSD values for both harmonic and IMD, if the harmonic does not fall in DL spectrum of an operator, the operator don’t have to take care harmonic issue, and need to see whether a UE can achieve lower MSD for IMD. 
On the other hands, smaller granularity increase the amount of signalling overhead, and thus it is preferable to make the granularity larger as much as possible considering the real UE implementation. To do this, we think it may be better to analysis a correlation between the amount of MSD improvement for a certain MSD source and that of MSD improvement for another MSD source. If there are a correlation, we can combine MSD improvements for several MSD sources as one UE capability to reduce the signalling overhead.
Observation 3: If there is a correlation between the amount of MSD improvement for a given MSD source and that of MSD improvement for another MSD source, we can combine several MSD improvement as one UE capability to reduce the signalling overhead.
Proposal: To define the signalling design and reduce the signalling overhead, RAN4 should analysis a correlation between the amount of MSD improvement for a certain MSD source and that of MSD improvement for another MSD source.
3 Conclusion
Here we summarize our proposals: 
Observation 1: It is expected that approach 2 would achieve larger MSD improvements compared to approach 1 thanks to optionality of the feature.

· Approach 1: Improve single MSD value for all band combinations without UE capability, and replace all existing MSD.

· Approach 2: Introduce UE capability to distinguish lower MSD UE.
Observation 2: larger MSD improvements may give benefits in terms of selection of operated band combinations from operators’ perspective.
Observation 3: If there is a correlation between the amount of MSD improvement for a given MSD source and that of MSD improvement for another MSD source, we can combine several MSD improvement as one UE capability to reduce the signalling overhead.
Proposal: To define the signalling design and reduce the signalling overhead, RAN4 should analysis a correlation between the amount of MSD improvement for a certain MSD source and that of MSD improvement for another MSD source.
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