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1 Introduction
[bookmark: OLE_LINK25]The lower MSD topic was extensive discussed in the previous RA4 meetings, and several WFs were approved [1] [2] [3] [4]. In last RAN#99 meeting, the WID was revised [7] to confirm the feasibility on the lower MSD, and continue studying the signalling aspect and to define the UE RF requirements based on the outcomes. 
In this contribution, we continue to discussed some issues about the lower MSD issues.
2	Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK71][bookmark: OLE_LINK23][bookmark: OLE_LINK66]2.1 Conditions to indicate the lower MSD capability threshold(s)
In the WF [4], it was already agreed that UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. However, how much the improved MSD is still FFS.
	Issue 2-1-2: Conditions to indicate the lower MSD capability
Option 1: UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. Additionally, it is unnecessary to report the Lower MSD values in case the specified MSD itself is small or the MSD improvement is not significant. However, if UE is willing to report the values under these cases, it should not be prohibited. 
[bookmark: OLE_LINK20]Option 2: measures must be discussed to avoid a situation that UE can report lower MSD capability without any actual improvement. 
Option 3: UE report improved MSD as long as the real MSD is below the largest value range, for example 20dB. The band combinations with less than [5dB] MSD requirements in the spec doesn’t need to report the improved MSD. 
Option 4: Others

· WF
· [bookmark: OLE_LINK12]UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
· [bookmark: OLE_LINK13]The amount of MSD improvement necessary for indication needs further study


[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK19][bookmark: OLE_LINK17]Regarding the above options, for the necessity amount of MSD improvement, we also think it is meaningless to report lower MSD capability with much smaller amount of MSD improvement, for example, <1 dB MSD improved would be meaningless. This point was also somehow mentioned in option 1. Option 2 seems reasonable since measurements are anyway useful although the evaluation or calculation for the MSD value without measurements have already done in the past. 
[bookmark: OLE_LINK18]The MSD value in the specification are derived from the maximum output power. However, in real world, the maximum output power is usually happen when UE is at the cell edge. When UE moves from the cell edge to the cell center, the actual power will be reduced, which means the actual MSD values will be largely reduced. Therefore, we believe the measured MSD value in practical would be larger smaller than the values defined in the spec for most of 
[bookmark: OLE_LINK2]Observation 1. Measurements are anyway useful to avoid a situation that UE can report lower MSD capability without any actual improvement. 
[bookmark: OLE_LINK36]Proposal 1. To discuss how much MSD is improved can be considered as valuable in practical
2.2 Lower MSD threshold(s)
[bookmark: OLE_LINK22]The first issue is the essential information included in the lower MSD capability, the agreements are:
	Issue 2-1-3: Essential information included in the lower MSD capability 
Option 1: 
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD)
· MSD value/thresholds
Option 2: 
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD value/thresholds
Option 3: Others, including
· [bookmark: OLE_LINK37]Power class of the aggressor UL
· [bookmark: OLE_LINK44][bookmark: OLE_LINK27]Aggressor UL and victim DL bandwidth
<Agreement in main session>: 
· Use Option 2 as the starting point and discuss how to capture the other necessary parameters.


[bookmark: OLE_LINK24][bookmark: OLE_LINK43][bookmark: OLE_LINK30][bookmark: OLE_LINK28][bookmark: OLE_LINK39][bookmark: OLE_LINK26]First, we think power class of the aggressor UL should be included in the lower MSD capability reporting. As we know, the harmonic/harmonic mixing/cross band isolation MSD values defined in the spec were based on different power class of the aggressor UL, and comparing PC3 aggressor UL with PC2 aggressor UL for the same band combination, with the 3dB increased for the aggressor UL, the values for the same MSD type in the case of PC2 aggressor UL are larger than 3dB, even >10dB for some band combination. Although the similar tendency for PC2/PC3 MSD improving, the improved MSD would be different.
[bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK32][bookmark: OLE_LINK29][bookmark: OLE_LINK31][bookmark: OLE_LINK35][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Second, regarding to Aggressor UL and victim DL bandwidth, we think there is needed to include victim DL bandwidth although the Aggressor UL and victim DL bandwidth belongs to MSD test points, and there are some other parameters such as UL RB allocation and SCS. The MSD for the victim band are derived from the REFSEN of the victim DL bandwidth, different victim DL bandwidth has different REFSEN values which will cause different MSD values, and the MSD values for different victim DL bandwidths (i.e. min. and/or max. BW) are defined. So in our understanding, the improved MSD may also be difference for different victim DL bandwidths for some band combination, especially when the REFSEN value was largely degraded for the large bandwidth for a the constitute FDD band. 
[bookmark: OLE_LINK42][bookmark: OLE_LINK48]For Aggressor UL BW, seemingly it is just for the conditions for the worst case, and it would not impact the MSD values if we only consider full frequency range of the harmonic/IMD products. So whether to include the Aggressor UL BW needs further study. 
It should be noted that the ENDC and NR CA MSD table templates are still different as of now, but it is expected that the ENDC MSD table templates will be kept consistence with NR CA in future. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK45]Proposal 2. To include Power class of the aggressor UL and victim DL bandwidth additionally in the lower MSD capability reporting. FFS on Aggressor UL bandwidth.
For Candidate MSD thresholds, as we discussed in [4], it would be complexity for the signnaling if different thresholds are defined for each MSD types and aggressor power class. Due to the actual MSD would be reported by the lower MSD signalling, it is fine to define identical thresholds for all the MSD types, even for all aggressor power class. With the lower MSD signalling reporting, UE can report different MSD values within the range of the multiple thresholds, relies on MSD types and/or power class.
Moreover, considering there are lots of the values are in between the values of [0, 5, 10, 15]dB, and larger MSD values for higher power for each transmitter compared to PC3, also the band combination such as LB-LB/LB-LB-LB combination should be taken into account, the upper limit of 15dB would not be enough. Therefore, we think small granularity and more than 15dBm upper limit thresholds should be considered, such as [0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20]. 
[bookmark: OLE_LINK3]Proposal 3. Identical thresholds can be applicable to all the MSD types and aggressor power class, and UE can report different MSD values within the range of the identical multiple thresholds, relies on MSD types and/or power class.
Proposal 4. Small granularity and more higher upper limit thresholds should be considered for multiple thresholds.
[bookmark: OLE_LINK94]2.3 ENDC/NR CA
[bookmark: OLE_LINK72][bookmark: OLE_LINK79]In terms of the objectives of the WID, inter-band CA/EN-DC/DC combinations were involved for the feasibility study of lower MSD. Although some band combination examples were approved in the WF [2], the selected band combination were all for inter-band NR CA band combination, which are:
· CA_n28-n40 (harmonic mixing)
· CA_n41-n77 (cross band isolation)
· CA_n1-n3-n78 and fallback combinations (IMD on the 3rd band, cross band isolation on CA_n1-n3 using 50MHz channel bandwidth, IMD2/4 and 2nd harmonic and harmonic mixing on CA_n3-n78)
[bookmark: OLE_LINK9]Observation 2. Inter-band CA/EN-DC/DC combinations were involved, but only inter-band CA band combination examples are proposed.
[bookmark: OLE_LINK103][bookmark: OLE_LINK1][bookmark: OLE_LINK104]Later, companies do some calculate/evaluations for the above example band combination to show the MSD value will decrease if more aggressive/practical values such as higher PCB isolation and antenna isolation are adopted, which imply that the MSD improvement is feasible. The left issue is mainly for the signalling.
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]In general, the MSD analysis for NR CA and ENDC with the same constituent bands are the same. Although the ENDC MSD test point/table format are different with NR CA so far, it would be anticipated that CR to ENDC MSD will be available in near future to keep the consistent with NR CA, where only few of MSD test point for the worst case would be defined. Therefore, we think the signalling analysis above can be apply to ENDC either. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Propose 5. The same lower MSD capability approach are applied for both NR CA/DC and ENDC.
As CA and ENDC are separate features, UE can report one of them or both. In current RAN2 spec, it seems separate signallings are defined for CA and ENDC, so separate lower MSD signalling should be applied for NR CA/DC and ENDC.
[bookmark: OLE_LINK7][bookmark: OLE_LINK46]Propose 6. Separate lower MSD signalling should be applied for inter-band NR CA/DC and ENDC.
3 Conclusion
In this contribution, we give some discussion on the lower MSD for inter-band NR CA/ENDC based on the latest agreements. The conclusions are:
Observation 1. Measurements are anyway useful to avoid a situation that UE can report lower MSD capability without any actual improvement. 
Proposal 1. To discuss how much MSD is improved can be considered as valuable in practical
Proposal 2. To include Power class of the aggressor UL and victim DL bandwidth additionally in the lower MSD capability reporting. FFS on Aggressor UL bandwidth.
Proposal 3. Identical thresholds can be applicable to all the MSD types and aggressor power class, and UE can report different MSD values within the range of the identical multiple thresholds, relies on MSD types and/or power class.
Proposal 4. Small granularity and more higher upper limit thresholds should be considered for multiple thresholds.
Observation 2. Inter-band CA/EN-DC/DC combinations were involved, but only inter-band CA band combination examples are proposed.
Propose 5. The same lower MSD capability approach are applied for both NR CA/DC and ENDC.
[bookmark: OLE_LINK47]Propose 6. Separate lower MSD signalling should be applied for inter-band NR CA/DC and ENDC.
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