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1. Introduction
In RAN4 #105, WF [1] has been agreed for low MSD study WI. The contribution provides further discussion.
2. Discussion
During RAN4#105 meeting, signalling method for UE supporting low MSD has been discussed but not much consensus was reached. We will discuss issues individually. It was not clear that for a cell, what value would the MSD threshold be that the UE become “Useless” for the band/channel? If we want to make the low MSD capability signalling be useful, we need to have more understanding on how and how much the MSD impact to the network performance. Since it was agreed in WF[1] that no need to make a conclusion for the specific NW behaviour, we need to consider a generic way on low MSD signalling. It was also agreed to further discuss whether identical thresholds can be applicable for all MSD types and aggressor power class:
Issue 3-3-2: Single value/threshold or multiple thresholds 
<Agreement>:
· Define the multiple thresholds for lower MSD
· FFS on whether identical thresholds can be applicable to all the MSD types and aggressor power class
· Identical thresholds can be applicable to all the band combinations
[bookmark: _Hlk123832073]Considering there may be different distance on cell size for real implementation, et. cell tower, picocell, femtocell…etc., the distance may vary from tens of meters to several kilometres. We think tolerable MSD value may be different with the operation environment. Also the MSD values may vary a lot for different mechanisms and due to different order of aggressor carriers. We learn that multiple low MSD threshold values may be a better way than single unified MSD threshold value, to accommodate different factors above, we agree unified thresholds may not be enough to all MSD types and aggressor power class.
Observation 1: Identical thresholds may not be enough for different cell size, all MSD types and aggressor power class
With the justification explained above, we think the UE capability shall be reported based on number of improved MSD values as per band per band combination reporting. In last RAN4 meeting, majority view of companies is to distinguish MSD types for low MSD capability reporting.
Issue 3-2-3: How to report the lower MSD capability with the agreement that per victim band per MSD type per band combination capability is the starting point
Option 1: The victim band, the MSD type (harmonic; harmonic mixing; cross band isolation; IMDn, n=2, …..7), and the corresponding MSD value (or capability class) should be made aware to NW through proper signalling, while the detailed signalling approach is left to RAN2 to determine 
Option 2: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD definition 
Option 3: Define the basic MSD information unit as a 3-tuple of <MSD value, MSD source, Victim band >. The source includes different MSD orders. And a list of such 3-tuples may be reported for a band combination 
Option 4: The low MSD reporting should include the following information: 
The band be interfered
Interference source band
Interference type
Interference order
MSD level
Option 5: RAN4 to further discuss the following information to be included in the capability report 
The information of the order of the UL harmonic direct-hit, harmonic mixing, IMD.
The information of the aggressor UL and victim DL bandwidth of the UL harmonic direct-hit, harmonic mixing and the cross-band isolation.
The information of the power class of the aggressor UL of the UL harmonic direct-hit, harmonic mixing, IMD and the cross-band isolation.
Option 6: For each band combination that can support low MSD allow the UE to declare which MSD type (i.e. IMD, HD, Rx LO harmonic etc.), impairment improvement it supports (IMD2, IMD4, HD2, HD3 etc.), the victim band and the associated lower MSD value for each impairment using capability signaling 
Option 7: Others.
In our view issue some options are not controversial and consider MSD mechanisms commonly. The MSD mechanisms in existing specs shall all be considered as starting point. Option 1 proposes to consider MSD due to IMD up to 7th order but in existing specs 9th order IMD has been considered. Option 5 provides plenty aspects of MSD mechanisms and detailed information. We also see the spirit of option 1,3,5,6 are quite close. Here we would like to propose an alternative approach with the idea to reduce signaling overhead. Considering there are many MSD mechanisms and the order of aggressor could be up to 9 in existing specs, if UE need to signal all improved MSD information, the signaling overhead might be quite large. Thus, we suggest to introduce a new signaling that network can require UE only to report the top K largest MSD values together with its mechanism indexing. The format of UE reported capability can be similar to option 3. Define the lower MSD capability signaling per victim band per BC as a 3-tuple of <MSD mechanism index, Aggressor order, MSD value> when there’s improved MSD. For example, The MSD mechanism index need to represent:
MSD due to cross band isolation
MSD due to UL harmonic
MSD due to receiver harmonic mixing
MSD due to UL intermodulation
MSD due to UL triple bit
Aggressor order max up to 9 in existing specs
MSD value range in existing spec is about 0.7 ~ 37.8
Proposal 1: For how to report the lower MSD capability with the agreement that per victim band per MSD type per band combination capability, RAN4 further discuss following options to come out consensus,
Option 1: The victim band, the MSD type (harmonic; harmonic mixing; cross band isolation; IMDn, n=2, …..7), and the corresponding MSD value (or capability class) should be made aware to NW through proper signalling, while the detailed signalling approach is left to RAN2 to determine (Samsung)
Option 2: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD definition (Nokia)
Option 3: Define the basic MSD information unit as a 3-tuple of <MSD value, MSD source, Victim band >. The source includes different MSD orders. And a list of such 3-tuples may be reported for a band combination (HW)
Option 4: The low MSD reporting should include the following information: (OPPO)
The band be interfered
Interference source band
Interference type
Interference order
MSD level
Option 5: RAN4 to further discuss the following information to be included in the capability report (CHTTL)
The information of the order of the UL harmonic direct-hit, harmonic mixing, IMD.
The information of the aggressor UL and victim DL bandwidth of the UL harmonic direct-hit, harmonic mixing and the cross-band isolation.
The information of the power class of the aggressor UL of the UL harmonic direct-hit, harmonic mixing, IMD and the cross-band isolation.
Option 6: For each band combination that can support low MSD allow the UE to declare which MSD type (i.e. IMD, HD, Rx LO harmonic etc.), impairment improvement it supports (IMD2, IMD4, HD2, HD3 etc.), the victim band and the associated lower MSD value for each impairment using capability signaling (Qualcomm).
Option 7: The network can require UE only to report the top Kth largest MSD values together with its mechanism index as per victim band per BC reporting. Define the lower MSD capability signaling per victim band per BC as a 3-tuple of <MSD mechanism index, Aggressor order, MSD value> when there’s improved MSD

Regarding more detail consideration of different MSD mechanisms,
Issue 3-2-4: Lower MSD capability for IMD with different orders 
Option 1: 
· For one band combination with 2CC as UL, when multiple IMD occurs for one victim band within the band combination, maximum two IMD orders are considered in terms of Lower MSD information reporting, among which the lowest order is mandatory and one other higher order IMD could be optionally included.
· For one band combination with 3CC as UL, only the lowest order IMD (triple beat) is considered in terms of Lower MSD information reporting.
The selected IMDs should be with the same UL/DL configurations and test points as for the minimum requirements.
Option2: if there are multiple orders of IMD for a specific band combination, only the lowest order of IMD improvement is considered to be reported 
Option 3: 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} 
Option 4: Others
Option 2 could be a simplified approach but does not address concerns of option 1 if 3CC UL is considered. Option 3 may include detailed information with more signaling overhead if all types and orders MSD are reported. We would like to propose an alternative option as option 4 proposed in previous topic that network can signal an index like top Kth largest improved MSD values and mechanisms index that UE is required to report. The signaling overhead may be saved and network has freedom to handle the dimension of MSD mechanisms. 
Proposal 2: For Lower MSD capability for IMD with different orders, all orders in existing 3GPP specs shall be included. Adaptive capability reporting method can be further discussed in RAN4. The selected IMDs should be with the same UL/DL configurations and test points as for the minimum requirements
Another issue for further discussion is test point for lower MSD UE. In the WF[1], options were left for further discussion and copied below 
Issue 3-2-5: Lower MSD capability for Harmonic/harmonic mixing/cross band isolation with different test points
Option 1:
For harmonic/harmonic mixing/cross band isolation, the Lower MSD capability should be derived and verified under the worst case UL/DL configuration as for the specified minimum requirements, rather than under all configurations. To be more specific:
For harmonic, the worst case configuration is under the minimum victim DL CBW& “direct-hit” as collision type; 
For harmonic mixing, the worst case configuration is under the minimum victim DL CBW;
For cross band isolation, the worst case configuration is under the minimum victim DL CBW& maximum aggressor UL CBW, FFS on how to deal with the case that for a band combination UE does not support the maximum UL CBW defined for the aggressor band in the MSD table for cross band isolation.
Note: The worst case configuration for harmonic/harmonic mixing/cross band isolation is mandatorily specified. 
Option 2: Define and evaluate the lower MSD capability based on the 1st test point for a band combination in the 3GPP spec 
Option 3: Others
The spirit of option 1 is looking good since it aligns the idea that how RAN4 specify MSD for one band combination. However, as things changes with time such as supported CBW become wider or narrower that may impact on the test condition if following same approach. Considering the MSD value and mechanism represents impact of aggressor uplink carrier toward victim downlink receiving band/channel, lower MSD represents UE’s improvement with related to existing MSD value. It may be intuitive to evaluate the lower MSD capability based on the test point in existing 3GPP specs. It seems re-use existing MSD test point/condition for lower MSD UE is reasonable.
Proposal 3: We suggest option 2 with modification: Define and evaluate the lower MSD capability for Harmonic/harmonic mixing/cross band isolation based on same MSD test point and its condition for this MSD mechanism in existing 3GPP specs.
Another discussion in RAN4#105 was threshold of lower MSD. In our view, there are different types of MSD mechanism and MSD values varies a lot. For some case with a few dB MSD, even 1dB improvement could be significant. And it is up to network to judge whether the improvement is useful and whether is affects network behavior. There’s no need to limit UE to report improved MSD. 
Proposal 4: UE is allowed to report lower MSD capability than existing requirements. It is up to network implementation on how to use the capability reporting.
For applicability of Lower MSD capability for higher order combination, options were left in WF[1] for further discussion:
Issue 3-4-2: Applicability of Lower MSD capability for higher order combination 
Option 1: Share the following information with RAN2: the applicability of Lower MSD capability for combinations consisting of different bands. 
· For 2-bands combination, Lower MSD information (improved MSD) are supposed to be reported separately as per source per band per band combination
·  For 3-bands combination with specific UL and DL, the Lower MSD information (improved MSD) is only reported for IMD of dual UL falls into the third band DL.
For combination with more than 3 bands, no need to report the Lower MSD capability any more.
Option 2: Low MSD capability signaling if specified for two band and three band combinations only. For three band combination, the capability is only regard to MSD on third band due to dual band uplink. If the capability is not reported, the MSD in existing specs apply. For higher order band combinations, worst case of low MSD capability signaling (largest MSD value) for the band applies 
Option 3: For a band combination consisting of more than 3 bands DL, the lower MSD capability is derived based on that of the 2/3 bands DL fallbacks, which are the minimum BC units to report lower MSD 
Option 4: 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 
In our view, option 1 and option 2 are not controversial. For two-band combination reporting, option 1 propose “per souce per band per BC” approach. It seems a bit complicated on how to signal lower MSD. It may look easier for UE implementation if UE signal the lower MSD value and its mechanism index in two-band or three-band combinations. For three-band combination signalling, both option 1 and option 2 are same. As for higher order combinations for more than three-bands, there’s no need to report lower MSD capability since they are clearly signalled in fallback combos. The largest MSD value shall be considered for the victim band if it happens multiple MSD mechanisms on the band. With above justification we propose option 1 and option 2 can be merged as below:
Proposal 5: Merge option 1 and option 2 as: The applicability of Lower MSD capability for combinations consisting of different bands. 
- For 2-bands combination, Lower MSD information (improved MSD) are supposed to be reported separately as MSD values and its mechanism index per victim band per BC. 
- For 3-bands combination with specific UL and DL, the Lower MSD information (improved MSD) is only reported for IMD of dual UL falls into the third band DL per victim band per BC.
The largest MSD value shall be considered for the victim band if it happens multiple MSD mechanisms on the band.
For combination with more than 3 bands, do not consider to report the Lower MSD capability any more in current release.
Proposal 6: Format of the lower MSD capability signaling per victim band per BC is proposed as a 3-tuple of <MSD mechanism index, Aggressor order, MSD value> when there’s improved MSD. 
The MSD mechanism index need to represent:
MSD due to cross band isolation
MSD due to UL harmonic
MSD due to receiver harmonic mixing
MSD due to UL intermodulation
MSD due to UL triple bit
Aggressor order max up to 9 in existing specs
MSD value range in existing spec is about 0.7 ~ 37.8
3. Conclusion
Issue 3-3-2: Single value/threshold or multiple thresholds 
Observation 1: Identical thresholds may not be enough for different cell size, all MSD types and aggressor power class
Issue 3-2-3: How to report the lower MSD capability with the agreement that per victim band per MSD type per band combination capability is the starting point
Proposal 1: For how to report the lower MSD capability with the agreement that per victim band per MSD type per band combination capability, RAN4 further discuss following options to come out consensus,
Option 1: The victim band, the MSD type (harmonic; harmonic mixing; cross band isolation; IMDn, n=2, …..7), and the corresponding MSD value (or capability class) should be made aware to NW through proper signalling, while the detailed signalling approach is left to RAN2 to determine (Samsung)
Option 2: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD definition (Nokia)
Option 3: Define the basic MSD information unit as a 3-tuple of <MSD value, MSD source, Victim band >. The source includes different MSD orders. And a list of such 3-tuples may be reported for a band combination (HW)
Option 4: The low MSD reporting should include the following information: (OPPO)
The band be interfered
Interference source band
Interference type
Interference order
MSD level
Option 5: RAN4 to further discuss the following information to be included in the capability report (CHTTL)
The information of the order of the UL harmonic direct-hit, harmonic mixing, IMD.
The information of the aggressor UL and victim DL bandwidth of the UL harmonic direct-hit, harmonic mixing and the cross-band isolation.
The information of the power class of the aggressor UL of the UL harmonic direct-hit, harmonic mixing, IMD and the cross-band isolation.
Option 6: For each band combination that can support low MSD allow the UE to declare which MSD type (i.e. IMD, HD, Rx LO harmonic etc.), impairment improvement it supports (IMD2, IMD4, HD2, HD3 etc.), the victim band and the associated lower MSD value for each impairment using capability signaling (Qualcomm).
Option 7: The network can require UE only to report the top Kth largest MSD values together with its mechanism index as per victim band per BC reporting. Define the lower MSD capability signaling per victim band per BC as a 3-tuple of <MSD mechanism index, Aggressor order, MSD value> when there’s improved MSD
Issue 3-2-4: Lower MSD capability for IMD with different orders 
Proposal 2: For Lower MSD capability for IMD with different orders, all orders in existing 3GPP specs shall be included. Adaptive capability reporting method can be further discussed in RAN4. The selected IMDs should be with the same UL/DL configurations and test points as for the minimum requirements
Issue 3-2-5: Lower MSD capability for Harmonic/harmonic mixing/cross band isolation with different test points
Proposal 3: We suggest option 2 with modification: Define and evaluate the lower MSD capability for Harmonic/harmonic mixing/cross band isolation based on same MSD test point and its condition for this MSD mechanism in existing 3GPP specs.
Threshold of lower MSD
Proposal 4: UE is allowed to report lower MSD capability than existing requirements. It is up to network implementation on how to use the capability reporting.
Issue 3-4-2: Applicability of Lower MSD capability for higher order combination 
Proposal 5: Merge option 1 and option 2 as: The applicability of Lower MSD capability for combinations consisting of different bands. 
- For 2-bands combination, Lower MSD information (improved MSD) are supposed to be reported separately as MSD values and its mechanism index per victim band per BC. 
- For 3-bands combination with specific UL and DL, the Lower MSD information (improved MSD) is only reported for IMD of dual UL falls into the third band DL per victim band per BC.
The largest MSD value shall be considered for the victim band if it happens multiple MSD mechanisms on the band.
For combination with more than 3 bands, do not consider to report the Lower MSD capability any more in current release.
Proposal 6: Format of the lower MSD capability signaling per victim band per BC is proposed as a 3-tuple of <MSD mechanism index, Aggressor order, MSD value> when there’s improved MSD. 
The MSD mechanism index need to represent:
MSD due to cross band isolation
MSD due to UL harmonic
MSD due to receiver harmonic mixing
MSD due to UL intermodulation
MSD due to UL triple bit
Aggressor order max up to 9 in existing specs
MSD value range in existing spec is about 0.7 ~ 37.8
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