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1. Introduction
A new WI was approved in RAN#95 meeting while further revised in RAN#98 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. 
During RAN4#104-e meeting discussion, example band combinations were selected to perform the analysis to study how the MSD could be improved. In parallel, study of signalling for MSD improvement is continuing. The agreement and discussion direction were recorded in the WF [2].
During RAN4#104-bis-e meeting discussion, it was confirmed that MSD improvement is feasible, as well as per victim band per MSD type per band combination as the starting point for granularity of the optional Lower MSD UE capability, other aspects of signalling are FFS, the discussion direction were recorded in [3].
During RAN4#105 meeting discussion, the group had reached some consensus on NW behaviour, capability threshold and verification condition for Lower MSD, while other aspects on FFS in next meeting, captured in [4].
In this paper, we continually discuss the Lower MSD capability requirement as well as how to indicate Lower MSD information to network to facilitate band combination configuration based on the progress of past meetings.
2. Discussion
2.1 Lower MSD thresholds
In last meeting, the group had discussed the Lower MSD capability thresholds, the agreements are reproduced as below:
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From network perspective, it might be meaningless to define different thresholds 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 and the reduced magnitude is of great concern from network perspective. In addition, it was agreed to define multiple thresholds for Lower MSD which means the actual MSD information could be more accurately reflected to NW for different kinds of MSD, compared to single threshold. Thus, we see no necessity to define different thresholds for different kinds of MSD.
Proposal 1: Identical Lower MSD thresholds can be applicable for all kinds of MSD.
Regarding the exact values of the threshold set, consideration on the maximum threshold, the offset vs power class, the granularity (linear steps or nonlinear steps), and whether identical thresholds could be applicable for all kinds of MSD are necessary. 
From our side, regarding the thresholds, in RAN4#104-bis-e meeting we proposed a table for “2-bit-signalling solution” for thresholds based on our analysis of MSD improvement, for the group reference, and thanks for Nokia and CHTTL pointed out that “-” wastes one bit. Hence in this meeting we suggest to consider 0/5/10/15 as thresholds for PC3 for all kinds of MSD.
	Bit
	Maximum allowed actual MSD (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	5 dB
	Ⅱ
	0 ＜ Actual MSD ≤ 5

	10
	10 dB
	Ⅲ
	5 ＜ Actual MSD ≤ 10

	11
	15 dB
	IV
	10 ＜ Actual MSD ≤ 15



If absent, it means either the actual MSD is larger than the maximum threshold, or the actual MSD has minor improvement (also including the case the specified MSD itself is already very small), so UE choose to not report the capability class.
In terms of the offset vs power class, from our comparison, delta MSD for harmonic/harmonic mixing/cross band isolation between adjacent power classes is around 3dB, hence we think 3dB offset could be considered for all kinds of MSD for simplicity.
Proposal 2: It is suggested to consider 0/5/10/15dB as PC3 thresholds applicable for all kinds of MSD, while 3dB could be considered as the offset vs power class.

Regarding the thresholds should be predefined or NW configurable, in last meeting we made below observation, more justification could be found in [5].
Observation 8: Either no Lower MSD threshold(s), or Lower MSD threshold(s) could be configured flexibly by network, essentially do harm to UE side while also burden the NW side as well. Balance the benefit of Lower MSD capability between UE side and NW side should be taken into account.
In addition, it might be difficult for NW to determine the suitable thresholds without explicitly predefined ones, and it would also burden UE side if the thresholds could be flexibly configured from NW to UE, for which UE has to restore all the MSD values into the UE memory even the values are significant. Furthermore, regards to which spec to capture the thresholds, in our view, Lower MSD is a RF feature which should be captured in RAN4 spec naturally (38.101-1, 38.101-3), as well as RAN2 spec (38.306) for capability definition completeness, taking similar approach as the feature Frequency Separation. Hence, we re-refine our proposal in last meeting as below.
Proposal 3: Explicit Lower MSD capability thresholds should be predefined in both RAN2 and RAN4 spec. Lower MSD thresholds are not supposed to be flexibly configured from NW to UE.

2.2 Lower MSD capability for different kinds of MSD
2.2.1 IMD (for 2CC ULCA/ 3CC ULCA)
During last meeting, whether the Lower MSD values for all IMD orders of one victim band are necessarily to be reported has been discussed. one camp preferred only consider the lowest order which usually suffers the most severe interference and is mandatorily defined, as well as for pursuit of signalling overhead saving; while the other camp preferred also taking all higher orders into consideration since the higher order IMD for 2CC UL are already allowed to be optionally specified on a case-by-case basis. In addition, note that IMD includes IMD for 2CC ULCA (inter-band or intra-band) and triple beat IMD for 3CC ULCA (intra-band contiguous+ inter-band ULCA), while for triple beat only the lowest order is defined.
Furthermore, please note that it was agreed in [6] in last meeting for Rel-18 newly introduced band combination, maximum two IMDs are supposed to be considered, i.e. a second MSD test point (optional) is allowed to be specified to account for additional IMD orders, on top of the mandatory lowest order IMD
With above, as well as for sake of the balance between pros and cons, we re-propose our proposal in last meeting.
Proposal 4: 
· 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 allowed 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 for the victim band 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.

2.2.2 Harmonic/harmonic mixing/cross band isolation
As we elaborated in [5], what is the worst case configuration for harmonic, harmonic mixing and cross band isolation, the observations in [5] are reproduced as below:
Observation 1: For harmonic, the configuration with the minimum victim DL CBW and “direct-hit” as collision type suffers the severest degradation; For harmonic mixing, the collision type is not needed, the configuration with minimum victim DL CBW suffers the severest degradation.
Observation 2: For cross band isolation, 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 3: For cross band isolation, re-evaluate the MSD of NR-CA under worst case assumption for some band combinations is proceeding in maintenance WI.
Observation 4: In latest 38.101-1 for harmonic/harmonic mixing/cross band isolation, there is 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 5: It is anticipated that MSD tables of EN-DC would also be updated in Rel-18, adopting identical approach and similar principles as for NR-CA.
Moreover, it is identified that for CA_n5-n77, both 4th and 5th harmonic of n5 falls into n77 Rx as below, hence it is necessary to add “lowest order” as one assumption for worst case configuration for harmonic.
	n5
	n778
	5
	15
	16 (RBstart=0)
	10
	10.5
	NOTE 4
	UL4/DL1
direct-hit

	n5
	n778
	5
	15
	25 (RBstart=0)
	100
	1.4
	NOTE 4
	UL4/DL1
direct-hit

	n5
	n778
	5
	15
	16 (RBstart=0)
	10
	10.4
	NOTE 5
	UL5/DL1
direct-hit

	n5
	n778
	5
	15
	25 (RBstart=0)
	100
	0.7
	NOTE 5
	UL5/DL1
direct-hit



Hence, we further refine our proposal as below, as well as combine our proposal and Huawei’s proposal:
Proposal 5: For harmonic/harmonic mixing/cross band isolation, the Lower MSD capability should be derived and verified under the worst case UL/DL configuration(i.e. 1st test point, which is mandatory to be defined) as for the specified minimum requirements, rather than under all configurations. To be more specific:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]For harmonic, the worst case configuration is under the minimum victim DL CBW& “direct-hit” as collision type& lowest harmonic order; 
· 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 the UE supported for the band combination.
Note: The worst case configuration for harmonic/harmonic mixing/cross band isolation is mandatorily specified.

2.3 Lower MSD signalling approach
In past meetings companies presented different signalling approaches, Huawei suggested that “UE reports <MSD value index>, <victim band index>, <MSD source index> as a 3-tuple for a BC”[7], Samsung suggested that “predefine and fix the relationship between the bit and the MSD type& the victim band” [8]. Both are promising approaches which are aligned with the agreement that using per victim band per MSD type per BC as starting point for the signalling design. In our view, it would be good to leave the signalling approach to RAN2 decision with RAN4’ s input on what information should be made aware to NW, and we think the victim band, the MSD type, and the corresponding MSD value (capability class) should be made aware to NW. Regarding the MSD type, for harmonic/harmonic mixing/cross band isolation, the order is not necessary to be reported since it is only and predefined in the spec with the assumption Lower MSD should be derived under the worst case configuration; for IMD, the order needs to be reported in case multiple IMDs occurs and are allowed to be reported for a victim band. We re-propose our proposal of last meeting
Proposal 6: The victim band, the MSD type (harmonic; harmonic mixing; cross band isolation; IMDn, n=2,3,4,5,7), and the corresponding MSD value (or capability class) should be made aware to NW though proper signalling, while the detailed signalling approach is left to RAN2 to determine.
Note: For harmonic/harmonic mixing/cross band isolation, the interference order is not necessarily to be made aware to NW.

2.4 Applicability for higher order combination
We re-propose our proposal in last meeting, which is suggested as starting point for further discussion in the WF [5]. The detailed justification could be found in [5].
Proposal 7: Share the following information with RAN2: the applicability of Lower MSD capability for combinations consisting of different bands.
· For 2-bands combination, the MSD values (or capability class) are supposed to be reported separately as per victim band per MSD type per band combination
· For 3-bands combination, the MSD values (or capability class) are only reported for IMD of dual UL falling into the third band DL, other kinds of Lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL)could inherit from 2-band combinations with the same power class.
· For combination with more than 3 bands, no need to report the Lower MSD capability any more, the capability could inherit from the fallback combinations with the same power class.

2.5 Applicability for different power class
[bookmark: OLE_LINK11][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN4#104-bis-e meeting, we proposed that “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 power class the band combination indicated” [4], the justification is that UE would only report one PC the UE supported for a BC, rather than the enumeration of all PCs, therefore we thought the Lower MSD capability is along with the PC the UE indicated for the BC.
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At the moment we think more issues require due consideration. It is identified that NW may have demand to get the Lower MSD information for different power classes, and as [9] analyzed and we also agree, it is impractical for NW to derive the Lower MSD capability for lower power classes according to the Lower MSD capability for the power class the UE indicated, since the delta MSD differs for different band combinations especially for IMD. Hence, we made below proposal in this meeting.
Proposal 8: Lower MSD capability is applicable for PC1.5, PC2 and PC3. Allow UE to report Lower MSD capability for different power classes.

2.6 Conditions to indicate Lower MSD capability
Regarding the condition to allow UE to indicate Lower MSD capability, in last meeting it was agreed to define multiple thresholds, consequently the single-bit approach (i.e. single threshold applicable for all kinds of MSD while UE could indicate Lower MSD by only one-bit when all kinds of MSD are improved; the proposed “joint solution” by Huawei and CHTTL is not included here, we are open to further discuss the joint solution) should not be considered anymore. Hence, we re-propose our proposal as below.
Proposal 9: It is proposed that UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. 
Proposal 10: 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.

2.7 Study phase conclusion
Samsung has provided a complete scheme in [5] for Lower MSD capability for the group reference and discussion, as well as shown the benefit and NW implementation with introduction of this capability in [10]. In past meetings, it is observed that many other companies also shown the alternative solutions and justify the benefits for Lower MSD capability. 
Proposal 11: Conclude the study phase in RAN#99 with below progress.
· The feasibility for MSD improvement for all kinds of MSD has been confirmed based on the evaluation from companies on the selected example band combinations.
· Several promising options for allowing a UE to signal improved lower MSD performance has been discussed, with which companies think it is feasible to introduce the Lower MSD capability while details are FFS based on the progress that has been made so far.

3. Conclusion
Proposal 1: Identical Lower MSD thresholds can be applicable for all kinds of MSD.
Proposal 2: It is suggested to consider 0/5/10/15dB as PC3 thresholds applicable for all kinds of MSD, while 3dB could be considered as the offset vs power class.
	Bit
	Maximum allowed actual MSD (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	5 dB
	Ⅱ
	0 ＜ Actual MSD ≤ 5

	10
	10 dB
	Ⅲ
	5 ＜ Actual MSD ≤ 10

	11
	15 dB
	IV
	10 ＜ Actual MSD ≤ 15



Proposal 3: Explicit Lower MSD capability thresholds should be predefined in both RAN2 and RAN4 spec. Lower MSD thresholds are not supposed to be flexibly configured from NW to UE.
Proposal 4: 
· 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 allowed 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 for the victim band 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.
Proposal 5: For harmonic/harmonic mixing/cross band isolation, the Lower MSD capability should be derived and verified under the worst case UL/DL configuration(i.e. 1st test point, which is mandatory to be defined) 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& lowest harmonic order; 
· 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 the UE supported for the band combination.
Note: The worst case configuration for harmonic/harmonic mixing/cross band isolation is mandatorily specified.

Proposal 6: The victim band, the MSD type (harmonic; harmonic mixing; cross band isolation; IMDn, n=2,3,4,5,7), and the corresponding MSD value (or capability class) should be made aware to NW though proper signalling, while the detailed signalling approach is left to RAN2 to determine.
Note: For harmonic/harmonic mixing/cross band isolation, the interference order is not necessarily to be made aware to NW.
Proposal 7: Share the following information with RAN2: the applicability of Lower MSD capability for combinations consisting of different bands.
· For 2-bands combination, the MSD values (or capability class) are supposed to be reported separately as per victim band per MSD type per band combination
· For 3-bands combination, the MSD values (or capability class) are only reported for IMD of dual UL falling into the third band DL, other kinds of Lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL)could inherit from 2-band combinations with the same power class.
· For combination with more than 3 bands, no need to report the Lower MSD capability any more, the capability could inherit from the fallback combinations with the same power class.
Proposal 8: Lower MSD capability is applicable for PC1.5, PC2 and PC3. Allow UE to report Lower MSD capability for different power classes.
Proposal 9: It is proposed that UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. 
Proposal 10: 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.
Proposal 11: Conclude the study phase in RAN#99 with below progress.
· The feasibility for MSD improvement for all kinds of MSD has been confirmed based on the evaluation from companies on the selected example band combinations.
· Several promising options for allowing a UE to signal improved lower MSD performance has been discussed, with which companies think it is feasible to introduce the Lower MSD capability while details are FFS based on the progress that has been made so far.
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