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1. Introduction
A new WI was approved in RAN#95 meeting while further revised in RAN#96 as [1], including the objective of investigating the feasibility of Lower MSD for inter-band CA/EN-DC/DC combinations, targeting on study the lower MSD improvement feasibility and how to define the capability. 
In RAN4#104-e meeting discussion, example band combinations were selected to perform the analysis to study how the MSD could be improved, as well as derive the potential Lower MSD capability threshold(s). In parallel, study of signalling for MSD improvement is continuing. The agreement and discussion direction were recorded in the WF [2].
Particularly, in this paper, we present our views on how to indicate the improved MSD for a band combination.
2. Discussion
In RAN4#104-e meeting, consensus were reached that the minimum requirements in the specification shall be kept unchanged for the lower MSD study and if lower MSD capability is introduced, it shall be an optional capability. Generally speaking, it means this capability could be applicable to any band combination as long as it satisfies the Lower MSD capability requirement, therefore more discussion is needed on Lower MSD capability requirement as well as how to indicate Lower MSD information(improved MSD) to network to facilitate band combination configuration.
2.1 Lower MSD capability
In last meeting the majority view is that the Lower MSD capability should be defined as per BC-basis. 
In practical, operators may only care about certain kind of MSD which their holding spectrum suffered, thereby it is too stringent to define the capability with the assumption that all kinds of MSD of all victim bands has improvement (satisfy the Lower MSD capability requirement). For example a band combination suffers harmonic, IMD and cross band isolation interference in terms of full spectrum range (the victim bands might be different), only the MSD due to IMD does not meet the Lower MSD requirement, if following the aforementioned stringent approach accordingly UE is not allowed to indicate improved MSD for all interference type, which is a pity that the operators only suffer the harmonic or cross band isolation loss the chance to know the actual MSD behaviour.
With above consideration, it is justified that UE could indicate Lower MSD capability for a band combination in case one kind of MSD from one victim band is improved, while what exactly does “improved” mean would be elaborated in following discussion. 
Observation 1: For a band combination, operators may only care about certain kind of MSD which their holding spectrum suffered.
Proposal 1: It is proposed to define Lower MSD capability as per-BC basis, and UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.

2.2 Lower MSD information
2.2.1 General Part
Next, it is supposed to further consider what information should be included in the capability signalling design, the simplest way is to just report “Support” this capability for the band combination with the least signalling overhead (only one bit needed), however the information provided to the network is not sufficient, meanwhile different operators cares different kinds of MSD, they may want to check the specific MSD caused by certain interference, only indicate “Support” is unclear which kind of MSD is improved and how much is improved. While reporting exact MSD values is not practical given the huge signalling overhead needed. 
Observation 2: The information provided for network is not sufficient if only indicating “Support” the capability occupying one bit, since it is unclear which kind of MSD is improved and how much is improved; while reporting exact MSD values is not practical given the huge signalling overhead needed.
Therefore, considering the balance between signalling overhead and useful information provided, the Lower MSD information (improved MSD) could be reported as per source per band per band combination, that is MSD of different victim bands caused by different interference source are supposed to be reported separately, the benefit is network could inquire the specific kind of MSD information in which they are interested. Moreover, do not consider report exact improved MSD values which would burn huge signalling overhead.
Proposal 2: Do not consider report the exact improved MSD values.

2.2.2 Two-bands combination
For 2-bands combination, the above statement is applicable since in terms of certain kind MSD of certain victim band, the aggressor band is known and only; however for 3-bands combination (or combination with more bands), in terms of certain kind MSD of certain victim band, the aggressor bands could be 2, take DL_n1-n3-n77 with UL n1-n3 as example, the victim band n77 DL suffers the harmonic interference from n1 UL, as well as n3 UL, in this case the interference type, the order, the victim band are identical but the aggressor band is different. 
Hence for 3-bands combination, Lower MSD information reported as per source per (victim) band per BC cannot reflect the aggressor band while the two MSD values cannot be simply added either, fortunately the Lower MSD capability of combinations with more than 2-bands could inherit from the capability of it fallbacks. Details are elaborated in Clause 2.2.3 and 2.5.
Observation 3: In terms of certain kind of MSD suffered by certain victim band, for 2-bands combination, the aggressor band is known and only, however for combinations with more than 2 bands, the aggressor bands could be 2.
Proposal 3: For 2-bands combination, Lower MSD information (improved MSD) are supposed to be reported separately as per source per band per band combination, that is MSD of different victim bands caused by different interference source are supposed to be reported separately.
In addition, whether different orders of IMD for one victim band are necessarily reported separately need more discussion, usually the lowest order suffers the most severe interference. Consequently when a new band combination is introduced, from our observation the current procedure is only the lowest order IMD is mandatory specified, higher orders are not necessary. Take CA_n2-n78 as example, the victim band n2 suffers IMD2, IMD4 and IMD5, IMD2 is defined in the spec while IMD4/5 are omitted with the note “This band is subject to IMD X also which MSD is not specified”，hence only consider the lowest order is preferred when one victim band suffers more than one order of IMD. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 4: For IMD, usually the lowest order suffers the most severe interference, moreover when a new band combination is introduced, only the lowest order IMD is mandatory specified, higher orders are not necessary.
Proposal 4: For IMD, only the lowest order is considered when the victim band within the band combination suffers more than one orders of IMD, with the same UL/DL configurations and test points as for the minimum requirements in current spec.
For harmonic and harmonic mixing, usually the configuration with the minimum aggressor UL CBW and minimum victim DL CBW while the interference directly hit the DL suffers the severest degradation.
For cross band isolation, usually the configuration with the maximum aggressor UL CBW and minimum victim DL CBW while UL resource blocks locate as close as possible to the downlink operating band suffers the worst degradation. The worst MSD of cross band isolation as described above is mandatory to be defined according to [4][5], while it could be founded that in current spec the worst MSD for some band combinations has not been defined yet, including CA_n1-n38, CA_n1-n40, CA_n1-n41, CA_n3-n74, CA_n3-n41, CA_n7-n40, CA_n38-n25, CA_n38-n78, CA_n41-n25, CA_n41-n48, CA_n41-n66, CA_n41-n70, CA_n41-n77, CA_n41-n78, and SUL_n41-n97 , these band combination are also selected as candidates to be re-evaluated and this work is proceeding in BCS4/5 WI (Rel-17 maintenance), some re-evaluation have already been performed and captured in the agreed draft CR [6] during RAN4#104e meeting.
From our observation, for MSD due to harmonic/harmonic mixing/cross band isolation, there is either 1 or 2 or 3 MSD configurations and corresponding MSD values defined in 38.101-1. It could be founded that MSD with minimum victim DL CBW configuration is specified for all suffered band combinations (Errors are identified for harmonic of CA_n25-n71 and CA_n12-n66 in Table 7.3A.4 of 38.101-1, victim band DL CBW is supposed to be 5MHz rather than 10MHz, it appears that errors happened when the new MSD table was transplanted, we would submit correction draft CR in next meeting), other MSD test points such as maximum DL CBW for victim band could also be specified but is not a must. In addition, it is anticipated that MSD tables of EN-DC would also be updated in Rel-18, adopting identical approach as for NR-CA.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 5: For harmonic and harmonic mixing, usually the configuration with the minimum aggressor UL CBW and minimum victim DL CBW while the interference directly hit the DL suffers the severest degradation; For cross band isolation, usually the configuration with the maximum aggressor UL CBW and minimum victim DL CBW while UL resource blocks locate as close as possible to the downlink operating band suffers the worst degradation.
Observation 6: For cross band isolation, re-evaluate the MSD of NR-CA under worst case assumption for some band combinations is proceeding in BCS 4/5 WI (Rel-17 maintenance).
Observation 7: In latest 38.101-1 for harmonic/harmonic mixing/cross band isolation, there is either 1 or 2 or 3 specified MSD configurations and corresponding MSD values. It could be founded that MSD with minimum victim DL CBW configuration is specified for all (harmonic/harmonic mixing/cross band isolation) suffered band combinations.
Observation 8: It is anticipated that MSD tables of EN-DC would also be updated in Rel-18, adopting identical approach as for NR-CA.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 5: For harmonic/harmonic mixing, the improved MSD should be derived and verified under the same UL/DL configurations of the minimum victim DL CBW& minimum aggressor UL CBW & the interference directly hit the DL as for the minimum requirements in current spec; For cross band isolation, the improved MSD should be derived and verified under the same UL/DL configurations of the minimum victim DL CBW& maximum aggressor UL CBW as for the minimum requirements in current spec
Take harmonic of n1-n77 as example, 3 configurations have been specified, only the below yellow marked configuration is considered for Low MSD information (improved MSD) reporting and capability verification.
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2.2.3 Three-bands Combination
As discussed in Clause 2.2(Observation 3), for 3-bands combination, in terms of certain kind of MSD suffered by certain victim band, the aggressor band could be more than one, hence if per source per (victim) band per BC reporting Lower MSD information is also applicable for 3-bands combination, it might be unclear which the aggressor band is. Fortunately the Lower MSD information of harmonic/harmonic mixing/cross band isolation/IMD of dual UL falling into own DL could inherit from the 2-bands fallback combinations. Therefore for 3-bands combinations, the only new thing is IMD of dual UL falls into the third DL.
Observation 9：If per source per (victim) band per BC reporting Lower MSD information is also applicable for 3-bands combination, it might be unclear what the aggressor band is in terms of certain kind of MSD suffered by certain victim band.
Observation 10: For 3-bands combination, network could assume the Lower MSD information of harmonic/harmonic mixing/cross band isolation/IMD of dual UL falling into own DL, could inherit from the same power class 2-bands fallback combinations.
Proposal 6: 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.

2.2.4 Combination with more than three-bands
For combinations with more than 3-bands, all kinds of Lower MSD information (improved MSD) could be derived from the same power class fallback combinations. Therefore from signalling saving perspective, no need to report the Lower MSD capability (information) anymore, network could assume the capability of higher order band combination could be derived from its fallback combinations.
Observation 11: For band combination with more than 3-bands, all kinds of Lower MSD information could inherit from its same power class fallback combinations. 
Proposal 7: For combination with more than 3 bands, no need to report the Lower MSD capability any more.
 
2.3 Lower MSD threshold(s)
2.3.1 Whether explicit Lower MSD capability threshold(s) is necessary?
In our view, explicit Lower MSD capability threshold(s) are necessary. With unified and explicit threshold(s), generally speaking if the actual MSD is larger than the threshold(s) for a band combination, UE is considered as incapable of this capability, consequently does not have to storage the values into UE memory and indicate the capability and values to network; Without explicit threshold(s), engineers have to storage a mass of MSD values into the UE memory, without even knowing what this capability mean（what the logic behind this）, they are helpless of judging which MSD values are supposed to be stored and which are not necessary, but have to store all the values which actually is a waste of efforts and UE resources. For example if the specified MSD is 30 dB while the actual MSD is 25, UE would restore and report 25dB corresponding capability class which is meaningless since it is anticipated that network still have concern on deploying this combo. We understand the intention might be giving network maximum flexibility on scheduling, however it indeed do harm to UE side, it should be noted that the benefit of this capability between UE side and NW side should be balanced.
Observation 12: Either no Lower MSD threshold(s), or Lower MSD threshold(s) could be configured flexibly by network, essentially do harm to UE side, although it allows network maximum flexibility on scheduling.
Observation 13: Balance the benefit of Lower MSD capability between UE side and NW side should be taken into account.
Proposal 8: Explicit Lower MSD capability threshold(s) should be defined.

2.3.2 Different or same threshold(s) for different interference type?
From network perspective, it might be meaningless to define different threshold(s) for different kinds of MSD, since it is expected that different kinds of MSD would not be treated differently, rather whether the actual MSD is lowered or not is of great concern from network perspective.
Proposal 9: Define identical Lower MSD threshold(s) for different interference type could be considered.

2.3.3 Absolute or relative threshold(s)? Single threshold or multiple threshold(s)
Absolute threshold(s) is preferred, with which is more convenient for network to handle the Lower MSD information. In contrast, if threshold(s) is relative, improved 10dB compared with 35dB minimum requirement, definitely carries a different message compared to improved 10dB with 10dB minimum requirement, network may still have concern on the former one but be at ease with the latter. 
Proposal 10: It is suggested to define exact absolute Lower MSD threshold(s).
For sake of more sufficient and accurate information provided for network scheduler, multiple absolute thresholds (corresponding to multiple Lower MSD capability classes) might be helpful. For example 3 absolute thresholds could be considered corresponding to 3 Lower MSD capability classes (Such as Ⅰ, Ⅱ and Ⅲ class with different thresholds) reported per source per band per band combination, in this case 2-bit needed per source, refer to “class Ⅰ”, “class Ⅱ”, “class Ⅲ”, “not supported or not reported”, respectively. Below table provide more interpretation.
	Bit map
	Maximum allowed actual MSD (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	-
	Not supported or not reported
	Not supported here generally means the actual MSD is larger than the maximum threshold, while not reported generally means either the actual MSD has almost no improvement, or the specified MSD itself is already very small, or absent.

	01
	5 dB
	Ⅰ
	0 ≤ Actual MSD ≤ 5

	10
	10 dB
	Ⅱ
	5 ＜ Actual MSD ≤ 10

	11
	15 dB
	Ⅲ
	10 ＜ Actual MSD ≤ 15



Take harmonic as example, the threshold for class Ⅰ is 5dB, for class Ⅱ is 10dB and for class Ⅲ is 15dB, if the actual MSD is larger than 15dB, it means UE has no Lower MSD capability for this combo in terms of harmonic. Specifically:
1) In case the specified MSD is 25dB, the actual MSD is 9dB, correspondingly the Lower MSD capability class is Ⅱ for harmonic, the Network could get the information the MSD has some improvement but still not very small.
2) In case the specified MSD is 9dB, the actual MSD only meets the minimum requirement, UE could report class Ⅱ for the Lower MSD capability class for harmonic, and the Network could get the information that there is almost no improvement compared to the specified MSD; Alternatively, UE could indicate “not supported or not reported”. The latter one is preferred.
3) In case the specified MSD is 3dB, UE could just indicate “not supported or not reported”.
On the other hand, single threshold or multiple thresholds also relies on the outcome of study how the MSD could be improved, we submit companion paper R4-2215734 with MSD trend analysis, with which we think multiple thresholds is more beneficial for BC configuration schedule. In addition, it would be very helpful if operators could have some input about the expected threshold(s), taking the real deployment need into account.
[bookmark: _GoBack]Observation 14: It would be very helpful if operators could have some input about the expected threshold(s), taking the real deployment need into account.
Proposal 11: Combined with the analysis of improved MSD, it is suggested to define multiple thresholds for sake of sufficient information provided for network scheduler. 
2.4 Applicability of lower MSD capability for different power class
Lower MSD capability could be applicable for PC1.5, PC2 and the default power class PC3, as for now PC2 has been introduced to inter-band UL NR-CA and EN-DC, while PC1.5 has been introduced to inter-band DL NR-CA. Below table is the comparison of different power classes in terms of MSD due to harmonic/harmonic mixing, IMD and cross band isolation.
	　Type
	Interference type(MSD due to)
	PC3
	PC2
	PC1.5

	NRCA (38.101-1)
	Harmonic 
	√
	×
	×

	
	Harmonic mixing
	√
	√
	√

	
	IMD
	√
	√
	×

	
	Cross band isolation
	√
	√
	√

	ENDC (38.101-3)
	Harmonic 
	√
	×
	×

	
	Harmonic mixing
	√
	√
	×

	
	IMD
	√
	√
	×

	
	Cross band isolation
	√
	√
	×



It could be found that MSD due to harmonic, currently only the harmonic from a PC3 aggressor band has been specified since the harmonic is usually interference from a low band (FDD) UL falling into a higher band (TDD) DL, while requirements for single PC2 FDD bands have just been completed in Rel-17 for example band n1 and n3.
Below examples are presented to illustrate how to deal with other PCs other than the maximum PC for a band combination with specific UL and DL.
1) Band combination (DL: n2A+n77A, UL: n2A+n77A), the maximum power class supported is PC2, IMD has been defined with sum power 26dBm, while harmonic from n2 UL to n77 DL is defined with 23dBm at n2 UL, hence for this PC2 band combination, the harmonic should be verified under 23dBm at n2 UL either for minimum requirement or Lower MSD capability requirement; harmonic mixing is defined with 26 dBm at n77 UL.
2) Band combination (DL: n2A+n77A, UL: n77A), the maximum power class supported is PC1.5, only harmonic mixing issue is considered with 29dBm at n77 UL falls into n2 DL.
3) Band combination (DL: n2A+n77A, UL: n2A), the maximum power class supported is PC3, only harmonic issue is considered with 23dBm at n2 UL falls into n77 DL.
It could be deducted that the assumption “if the maximum PC satisfy the Lower MSD capability requirement, all the PC(s) could be considered as qualified in terms of Lower MSD capability for a band combination with specific UL and DL” is justified.
Proposal 12: Lower MSD capability is applicable for PC1.5, PC2 and PC3. Particularly, for one band combination with specific UL and DL, Lower MSD capability is subject to the maximum power class the band combination supported. 
Proposal 13: Meanwhile, if the maximum PC is capable of Lower MSD capability, network could assume all the supported lower PC(s) has the identical Lower MSD capability (class). 

2.5 Applicability of Lower MSD capability for higher order combination
In last RAN4 meeting, companies propose that for higher order band combinations, the capability could inherit from its fallback combinations [7] [8]. In Clause 2.2.2/3/4 of this paper, we also present our views in detail. In short, for each kind of MSD, network could assume the capability of higher order band combination could inherit from its same power class fallback combinations. 
3. Conclusion
Observation 1: For a band combination, operators may only care about certain kind of MSD which their holding spectrum suffered.
Proposal 1: It is proposed to define Lower MSD capability as per-BC basis, and UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
Observation 2: The information provided for network is not sufficient if only indicating “Support” the capability occupying one bit, since it is unclear which kind of MSD is improved and how much is improved; while reporting exact MSD values is not practical given the huge signalling overhead needed.
Proposal 2: Do not consider report the exact improved MSD values.
Observation 3: In terms of certain kind of MSD suffered by certain victim band, for 2-bands combination, the aggressor band is known and only, however for combinations with more than 2 bands, the aggressor bands could be 2.
Proposal 3: For 2-bands combination, Lower MSD information (improved MSD) are supposed to be reported separately as per source per band per band combination, that is MSD of different victim bands caused by different interference source are supposed to be reported separately.
Observation 4: For IMD, usually the lowest order suffers the most severe interference, moreover when a new band combination is introduced, only the lowest order IMD is mandatory specified, higher orders are not necessary.
Proposal 4: For IMD, only the lowest order is considered when the victim band within the band combination suffers more than one orders of IMD, with the same UL/DL configurations and test points as for the minimum requirements in current spec.
Observation 5: For harmonic and harmonic mixing, usually the configuration with the minimum aggressor UL CBW and minimum victim DL CBW while the interference directly hit the DL suffers the severest degradation; For cross band isolation, usually the configuration with the maximum aggressor UL CBW and minimum victim DL CBW while UL resource blocks locate as close as possible to the downlink operating band suffers the worst degradation.
Observation 6: For cross band isolation, re-evaluate the MSD of NR-CA under worst case assumption for some band combinations is proceeding in BCS 4/5 WI (Rel-17 maintenance).
Observation 7: In latest 38.101-1 for harmonic/harmonic mixing/cross band isolation, there is either 1 or 2 or 3 specified MSD configurations and corresponding MSD values. It could be founded that MSD with minimum victim DL CBW configuration is specified for all (harmonic/harmonic mixing/cross band isolation) suffered band combinations.
Observation 8: It is anticipated that MSD tables of EN-DC would also be updated in Rel-18, adopting identical approach as for NR-CA.
Proposal 5: For harmonic/harmonic mixing, the improved MSD should be derived and verified under the same UL/DL configurations of the minimum victim DL CBW& minimum aggressor UL CBW & the interference directly hit the DL as for the minimum requirements in current spec; For cross band isolation, the improved MSD should be derived and verified under the same UL/DL configurations of the minimum victim DL CBW& maximum aggressor UL CBW as for the minimum requirements in current spec
Observation 9：If per source per (victim) band per BC reporting Lower MSD information is also applicable for 3-bands combination, it might be unclear what the aggressor band is in terms of certain kind of MSD suffered by certain victim band.
Observation 10: For 3-bands combination, network could assume the Lower MSD information of harmonic/harmonic mixing/cross band isolation/IMD of dual UL falling into own DL, could inherit from the same power class 2-bands fallback combinations.
Proposal 6: 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.
Observation 11: For band combination with more than 3-bands, all kinds of Lower MSD information could inherit from its same power class fallback combinations. 
Proposal 7: For combination with more than 3 bands, no need to report the Lower MSD capability any more.
Observation 12: Either no Lower MSD threshold(s), or Lower MSD threshold(s) could be configured flexibly by network, essentially do harm to UE side, although it allows network maximum flexibility on scheduling.
Observation 13: Balance the benefit of Lower MSD capability between UE side and NW side should be taken into account.
Proposal 8: Explicit Lower MSD capability threshold(s) should be defined.
Proposal 9: Define identical Lower MSD threshold(s) for different interference type could be considered.
Proposal 10: It is suggested to define exact absolute Lower MSD threshold(s).
Observation 14: It would be very helpful if operators could have some input about the expected threshold(s), taking the real deployment need into account.
Proposal 11: Combined with the analysis of improved MSD, it is suggested to define multiple thresholds for sake of sufficient information provided for network scheduler. 
Proposal 12: Lower MSD capability is applicable for PC1.5, PC2 and PC3. Particularly, for one band combination with specific UL and DL, Lower MSD capability is subject to the maximum power class the band combination supported. 
Proposal 13: Meanwhile, if the maximum PC is capable of Lower MSD capability, network could assume all the supported lower PC(s) has the identical Lower MSD capability (class). 
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