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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
[bookmark: _Hlk115187077]2.1 NW behaviour of MSD signalling
	[bookmark: OLE_LINK6]Issue 3-1-1: What’s the supposed NW behavior for the possible lower MSD capability
Option 1: Further clarifications are needed on how network would handle UE with nominal or lower MSD differently before the consideration of UE capability introduction.
· NW behaviour can be discussed along with the signalling design
Option 2: How NW handle the band combination configuration based on the MSD capability reporting is up to NW implementation.
· NW behaviour can be discussed along with the signalling design



[bookmark: _Hlk118297619]For the two options, both are ok with parallel discussion of signalling design and NW behaviour. This can be considered common understanding that the NW behaviour discussion will not block the progress of signalling discussions.

Observation 1:   Both candidate options are ok with parallel discussion of signaling design and NW behavior. 

Proposal 1:         NW behavior can be discussed parallel with signaling design.

Regarding the NW behaviour of “how network would handle UE with nominal or lower MSD differently”, this actually already have many discussions though maybe not perfect answer, and may also cause the concern of different NW behaviour in handling of UE with improved MSD and normal MSD due to reasons like:
· 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;

Observation 2:   There is concern that the low MSD capability reporting will make “normal UE” cannot be configured with CA/EN-DC because the MSD requirement defined in the spec is under worst condition and in some cases that the “normal UE” can still with lower MSD.

Though the argument is true that MSD just represent the worst case, and in many cases that UE can have better MSD, but without the real time MSD reporting, there is no means that NW can notice that the UE is under small MSD condition. If there is interest of indicate whether the “normal UE” is under small MSD condition, then reporting the real time MSD probably is one approach to be considered.

Observation 3:   Without real time MSD reporting, there is no means that NW can notice the “normal UE” is under small MSD condition.

Proposal 2:         If there is interest of indicating whether the “normal UE” is under small MSD condition, suggest to consider reporting the real time MSD for UE without reporting the relatively static lower MSD capability.

Then comes to the NW behaviour in handling of UE low MSD capability reporting. Usually NW scheduling behaviour is not specified in the spec, and the common understanding is that NW will consider UE capability but not be 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. What NW can do with the capability? At least NW can consider to configure one band combination with large MSD defined in RAN4 to the good UE in all conditions. Whether NW can configure the band combination for normal UE in some condition is up to NW implementation and is something beyond the 3GPP specifications and will be not defined.

Proposal 3:         Regarding the question of how network would handle UE with nominal or lower MSD differently, a possible answer is that NW can configure a band combination to the UE with low MSD capability in all conditions in the cell, but NW may not do that for the normal UE. But fundamentally it is up to NW implementation.

2.2 UE capability reports or NW request-based report
[bookmark: _Hlk118313218]Basically, there are two approaches of low MSD reporting, one is UE capability-based reporting, the other is NW request-based reporting.

Observation 4:   There are two low MSD reporting approaches, one is UE capability-based reporting, the other is NW request-based reporting. These two approaches have fundamental difference in low MSD reporting.

· For the UE capability-based low MSD reporting

UE will report all the low MSD capabilities to NW in the initial access, and NW will check the corresponding case that it needs. In last meeting, it was agreed that “per victim band per MSD type per band combination” as the granularity of the optional lower MSD UE capability. This means there will be many capabilities to be reported. Currently there are many band combinations with MSD defined in 38.101 series specs, and as long as UE support these band combinations the MSD will be better than the specified MSD, i.e. UE support lower MSD as long as it supports the band combinations since it has to pass the conformance testing. Then UE has to report lower MSD capabilities nearly for all the band combinations it supports and double or triple the capabilities when there is more than one interference type or interference orders.

Observation 5:   For the large number of band combinations with MSD defined in the spec, as long as UE support them, UE also support the lower MSD for each of these band combinations since UE has to do better than the minimum requirements. This makes the low MSD reporting complex.

Observation 6:   The reporting complex will be even higher when there is more than one MSD type or MSD orders.

· For the NW request-based low MSD reporting

[bookmark: _Hlk118312544]UE will report the low MSD capability for a band combination only when NW request it. In this approach the reporting complexity is much smaller than UE capability-based reporting, especially considering UE may supports 100 band combinations but only one or two of them is used in a specific cell. From this perspective the reporting complexity will be 100 : 1 for UE capability based approach and NW request-based approach.

Observation 7:   NW request-based MSD reporting is much simpler than the UE capability-based reporting. And when UE supports 100 band combinations but only one or two of them is used in a specific cell, the complexity reduction will achieve 100 times.

In last meeting there are views that the signaling overhead is RAN2 issue, but the discussion in this section is related to two different approaches in lower MSD reporting. And once RAN4 choose one of them, the discussion of signaling design might be different in some aspects. If RAN4 cannot decide which one of them is applied then the low MSD reporting should make common to these two approaches and let RAN2 decide.

Proposal 4:         RAN4 to agree on whether the UE capability-based reporting approach and/or NW request-based low MSD reporting approach is targeting. And from reporting complexity perspective, NW request-based approach is much simpler and should be supported.

Proposal 5:         If RAN4 support both UE capability-based reporting approach and NW request-based reporting approach, RAN4 should define the scheme common to both of them as much as possible.

2.3 UE reporting scheme
2.1 
2.2 
2.3 
What information the reporting should carry
[bookmark: _Hlk118397036]According to the discussion up to now, it can be noticed that the low MSD reporting, generally for a band combination probably can report the information includes: the band be interfered, Interference source band, interference type, interference order, and MSD level. Below table 1 is an example of the reporting contents:

Table 1 Potential reporting factors example
	Band combination
	Interfered band
	MSD source
	MSD report level 

	
	
	Interference source
	Interference type
	Interference order
	

	A+B+C
	C
	A
	Harmonics
	2
	X

	A+B+C
	C
	B
	Tx leakage
	
	Y

	A+B+C
	B
	A+C
	IMD
	3
	Z



From the example it can be seen that for a band combination it might need to have multiple reports for the different bands be interfered with different interference source/type/order, etc. And the discussion up to now is a little bit divergent on the reporting scheme, including what to be reported and what is the value in each factor. Before jumping to the threshold/values, maybe the group should agree on what kind of information is needed in the reporting to help NW scheduling and band combination configuration.

Observation 8:   It is unclear what kind of information that the low MSD reporting should carry to NW. The potential information may include as follows:
· The band be interfered
· Interference source band
· Interference type
· Interference order
· MSD level

The reporting is to make NW aware of the interference status of UE, then to decide the configuration of a band combination with UL and DL CCs. NW need to know which band is being interfered and where the interference comes from and then the interference level. From this perspective, all the information listed in the proposal 6 seems are needed.

It is noticed that in last meeting there are proposals for the information except the interference source band. However, if we look at the example in table 1, both band A and B can interfere band C though interference types are different, if without the interference source band information, then NW have no idea of which band interference the band C and the interference level of each interference source band. This makes NW still cannot decide where to put the UL CC.

Observation 9:   To make NW aware of the interference status of UE, then decide the configuration of a band combination, NW need to know which band is being interfered and where the interference comes from and the interference level.

Proposal 6:         The low MSD reporting should include the following information:
· The band be interfered
· Interference source band
· Interference type
· Interference order
· MSD level

Interference type and order
[bookmark: _Hlk118401500]The interference types can include the types that are defined in 3GPP spec, for example harmonics, IMD, Tx leakage, harmonic mixing, etc.
And the order can be {1, 2, 3, 4, 5}. The value 1 here is for the Tx leakage if the interference order is needed in the reporting.

Proposal 7:         The interference types can include the types that are defined in 3GPP spec, i.e. harmonics, IMD, Tx leakage, harmonic mixing, etc. And the interference order can be {1, 2, 3, 4, 5}.

Thresholds and reporting MSD values
There have been many discussions on the thresholds, however it is still very ambiguous what the threshold means. If we take table 1 as example, the threshold actually means what will be covered by the MSD level report.

As an example, if we define the reporting value ranges are as below four steps. Then as long as the UE real MSD is smaller than the largest MSD here, i.e. 20dB, then UE can choose one of the ranges to be reported. From this perspective, the reporting threshold actually are same as the discussion of value range of low MSD reporting. As a starting point the below ranges can be considered as starting point.

· 0≤UE Real MSD＜5dB
· 5≤UE Real MSD＜10dB
· 10≤UE Real MSD＜15dB
· 15≤UE Real MSD＜20dB

It should be noticed that this is for the predefined approach, if the threshold is based on NW configuration then UE should follow NW configuration to decide which value range should be reported.

Observation 10:   The reporting thresholds can be decided when the reporting value ranges are defined. There is no need to discuss thresholds and value ranges separately.

Proposal 8:         Consider below low MSD reporting range as starting point.
· 0≤UE Real MSD＜[5]dB
· [5]≤UE Real MSD＜[10]dB
· [10]≤UE Real MSD＜[15]dB
· [15]≤UE Real MSD＜[20]dB

In principle, as long as UE real MSD for a band combination is below 20dB, it will trigger UE report the low MSD capability, however, there are many band combinations in the 3GPP spec with small MSD defined, for these band combinations, they are already low MSD band combinations and doesn’t need to be further indicated. Then it needs to be further considered how to preclude the unnecessary reporting.

Observation 11:  There are many band combinations in 3GPP spec are defined with small MSD, for these band combinations there is no need for UE to further indicate its low MSD capability.

[bookmark: _Hlk118400727]One approach might be the low MSD reporting is only for the band combinations with more than 20dB MSD defined in 3GPP spec.

Another approach is that which band combination need to be reported is based on NW request, and only the band combinations that NW enquires that UE need to indicate its low MSD capability.

Proposal 9:         If the low MSD report band combinations are based on NW request, then UE only need to report the band combinations in the request message.
If the low MSD report is based on predefined thresholds/ranges, then only the band combinations with more than [20]dB MSD defined in 3GPP spec need to be reported.


2.4 About other issues
[bookmark: _Hlk118402085]Regarding the handling of high order or low order band combinations. Let’s take band combinations A+B+C as example, if this band combination is with low MSD, then the fallback band combinations (A+B, A+C, B+C) can also be considered as low MSD considering A+B+C has more complex interference situations. 
For the higher order band combination, e.g. A+B+C+D, the interference conditions will be more complex. And it cannot definitely say this band combination is all with low MSD.
Proposal 10:       If high band combination is with low MSD, then the fallback band combinations can also be considered as low MSD considering high band combination has more complex interference situations. 

Regarding the lower MSD evaluation configurations, the low MSD need to have some reference in the MSD evaluation and reporting, using the test points defined in the current spec to align the understanding between UE and NW might be a good idea. And the worst case can be applied.

Proposal 11:       Use the worst case of MSD configurations in current spec for low MSD evaluation.

Regarding how to reflect the lower MSD in RAN4 spec, our understanding is that there might be no need of changes to RAN4 spec, since there is no requirement further defined in RAN4 spec. And the reporting value ranges can be captured in RAN2 38.306 or 38.331.

Proposal 12:       No RAN4 spec need to be updated since no requirements are defined for this low MSD, and the reporting value ranges can be captured in RAN2 38.306 or 38.331.




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

NW behaviour of MSD signalling

Observation 1:   Both candidate options are ok with parallel discussion of signaling design and NW behavior. 

Proposal 1:         NW behavior can be discussed parallel with signaling design.

Observation 2:   There is concern that the low MSD capability reporting will make “normal UE” cannot be configured with CA/EN-DC because the MSD requirement defined in the spec is under worst condition and in some cases that the “normal UE” can still with lower MSD.

Observation 3:   Without real time MSD reporting, there is no means that NW can notice the “normal UE” is under small MSD condition.

Proposal 2:         If there is interest of indicating whether the “normal UE” is under small MSD condition, suggest to consider reporting the real time MSD for UE without reporting the relatively static lower MSD capability.

Proposal 3:         Regarding the question of how network would handle UE with nominal or lower MSD differently, a possible answer is that NW can configure a band combination to the UE with low MSD capability in all conditions in the cell, but NW may not do that for the normal UE. But fundamentally it is up to NW implementation.

UE capability reports or NW request-based report

Observation 4:   There are two low MSD reporting approaches, one is UE capability-based reporting, the other is NW request-based reporting. These two approaches have fundamental difference in low MSD reporting.

Observation 5:   For the large number of band combinations with MSD defined in the spec, as long as UE support them, UE also support the lower MSD for each of these band combinations since UE has to do better than the minimum requirements. This makes the low MSD reporting complex.

Observation 6:   The reporting complex will be even higher when there is more than one MSD type or MSD orders.

Observation 7:   NW request-based MSD reporting is much simpler than the UE capability-based reporting. And when UE supports 100 band combinations but only one or two of them is used in a specific cell, the complexity reduction will achieve 100 times.

Proposal 4:         RAN4 to agree on whether the UE capability-based reporting approach and/or NW request-based low MSD reporting approach is targeting. And from reporting complexity perspective, NW request-based approach is much simpler and should be supported.

Proposal 5:         If RAN4 support both UE capability-based reporting approach and NW request-based reporting approach, RAN4 should define the scheme common to both of them as much as possible.

What information the reporting should carry

Observation 8:   It is unclear what kind of information that the low MSD reporting should carry to NW. The potential information may include as follows:
· The band be interfered
· Interference source band
· Interference type
· Interference order
· MSD level
Observation 9:   To make NW aware of the interference status of UE, then decide the configuration of a band combination, NW need to know which band is being interfered and where the interference comes from and the interference level.

Proposal 6:         The low MSD reporting should include the following information:
· The band be interfered
· Interference source band
· Interference type
· Interference order
· MSD level

Interference type and order

Proposal 7:         The interference types can include the types that are defined in 3GPP spec, i.e. harmonics, IMD, Tx leakage, harmonic mixing, etc. And the interference order can be {1, 2, 3, 4, 5}.

Thresholds and reporting MSD values

Observation 10:   The reporting thresholds can be decided when the reporting value ranges are defined. There is no need to discuss thresholds and value ranges separately.

Proposal 8:         Consider below low MSD reporting range as starting point.
· 0≤UE Real MSD＜[5]dB
· [5]≤UE Real MSD＜[10]dB
· [10]≤UE Real MSD＜[15]dB
· [15]≤UE Real MSD＜[20]dB

Observation 11:  There are many band combinations in 3GPP spec are defined with small MSD, for these band combinations there is no need for UE to further indicate its low MSD capability.

Proposal 9:         If the low MSD report band combinations are based on NW request, then UE only need to report the band combinations in the request message.
If the low MSD report is based on predefined thresholds/ranges, then only the band combinations with more than [20]dB MSD defined in 3GPP spec need to be reported.

About other issues

Proposal 10:       If high band combination is with low MSD, then the fallback band combinations can also be considered as low MSD considering high band combination has more complex interference situations. 
Proposal 11:       Use the worst case of MSD configurations in current spec for low MSD evaluation.

Proposal 12:       No RAN4 spec need to be updated since no requirements are defined for this low MSD, and the reporting value ranges can be captured in RAN2 38.306 or 38.331.
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