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Thread [126] includes following topics:
1. Topic #1: Genera issues
2. Topic #2: Study of MSD improvement (Agenda 8.6.4.1)
3. Topic #3: Study of signaling for Lower MSD (Agenda 8.6.4.2)

[bookmark: _GoBack]Topic #1: General issues (Agenda 8.6.4)
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2219568
	TR 38.881 lower MSD v0.2.0
	Huawei, HiSilicon
	Reserved TR to capture the agreed TPs in 1st round.



Open issues summary
Sub-topic 1-1: TR 38.881 v0.2.0
TR 38.881 v0.2.0 is reserved to capture the agreed TPs in this meeting. 
· Recommended WF
· Return to


Topic #2: Study of MSD improvement (Agenda 8.6.4.1)
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2218297
	On MSD evaluation with new assumptions for MSD improvement
	Facebook Japan K.K.
	Observation #1: Antenna isolation, attenuation of harmonic filter and PA H2 performance improvement are not dominant factors for the 2nd harmonic product to reduce the MSD requirements.
Observation #2: The aggressor PA to victim LNA isolation improvement is a dominant factor due to the 2nd Harmonic product to improve MSD levels.
Observation #3: For the MSD improvement due to cross band isolation, a larger antenna isolation could improve a required MSD level, but this is difficult to achieve in a small form-factor and not verifiable by conducted tests.
Observation #4: An RB restriction (e.g., restriction of RB length or RB position) also could reduce MSD levels. A specific uplink configuration will improve MSD levels.
Observation #5: For the MSD improvement by dual uplink transmission, 10 dB or less improvements are feasible by enhancing antenna isolation and PCB isolation. However, 80 dB PCB isolation and 20 dB antenna isolation are quite challenging to achieve in a smart phone form-factor.
Proposal #1: For CA_n3-n78 band combination which has a 2nd harmonic problem, MSD improvement is feasible in case of an enhancement of the aggressor PA to victim LNA isolation level. However, the expected MSD improvement is small compared to the existing MSD requirements.
Proposal #2: RAN4 can consider specific uplink configurations such as RB length and RB position, or both to reduce the MSD level in case of cross-band isolation. 
Proposal #3: To avoid confusion, RAN4 needs to define a terminology to use NR_ACLR1 and/or NR_ACLR2 to indicate a cross-band interference source(s), instead of using just ACLR1 and/or ACLR2.
Proposal #4: RAN4 can improve the MSD level by enhancing antenna isolation and PCB isolation level. However, the expected MSD improvement is less than 10 dB for smart phone form-factors.

	R4-2218555
	Power Class aspect on lower MSD 
	Nokia, Nokia Shanghai Bell
	Observation 1: MSD value is more than 10 dB difference between PC3 and PC2 in some cases and the number of these band combinations will increase as the number of PC2 band combinations increases.
Observation 2: MSD value due to higher order IMD like IMD4 for PC2 can be around 20 dB, which may not be always to be zero dB even if a UE has a lower MSD capability while it would be highly possible for PC3 MSD value for the same UE to have zero or close to zero.
Observation 3: MSD difference b/w PC3 and PC2 is different from MSD type to type and BC to BC, it is not possible to estimate exact MSD value for all the power classes by reporting MSD value only for single power class.
Proposal 1: Allow UE to report different lower MSD capability according to power class

	R4-2218858
	Further analysis on improve MSD
	vivo
	Observation 1: The basic feasibility of low MSD has been concluded.
Observation 2: No more alignment of evaluation assumptions would be pursued.
Observation 3: The requirements study cannot be avoided in case MSD need to be defined.
Proposal 1: An MSD value around [10] dB might be a possible threshold for Low MSD.
Proposal 2: The detailed threshold of Low MSD is suggested to be discussed with the signalling.

	R4-2219037
	Discussion on lower MSD for inter-band CA/EN-DC/DC
	Xiaomi
	Observation 1: the MSD difference between PC2 and PC3 is quite large (5.6 dB~ 11.3 dB) for IMD2 and IMD4
Observation 2: the MSD difference between PC2 and PC3 for IMD4 is larger than that for IMD2 in most cases.
And then we provide some analysis on the effect of improving PCB isolation as well as antenna isolation for CA_n1-n3. Based on the calculation results, we can get the following similar observations as for CA_n3-n78:
Observation 3: improving the PCB isolation can reduce the MSD, but when PCB isolation is above 80dB, the impact becomes very small.
Observation 4: improving the antenna isolation can reduce the MSD, especially when PCB isolation is high.

	R4-2219569
	TP for TR 38.881 Feasibility study from companies and conclusion for lower MSD improvement
	Huawei, HiSilicon
	TP for TR 38.881 on feasibility study based on WF as well as inputs from companies with assumptions and analysis on MSD improvement.

	R4-2219593
	R18 Discussion on MSD improvement study
	OPPO
	Observation 1:   There is no clear answer on how much lower MSD can be considered as meaningful improvement. It depends on how NW will apply the MSD reporting, and consider the MSD is good enough to configure CA/EN-DC.
Proposal:    It is up to NW decide how much lower MSD is a meaningful improvement since it depends on how NW will apply the MSD reporting. And move this discussion to signaling design topics if no conclusion.



Open issues summary
Sub-topic 2-1: Conclusion of feasibility study of MSD improvement
Issue 2-1-1: Evaluation results and conclusion of feasibility study for MSD improvement
· TP for TR 38.881 on feasibility study based on WF in last meeting as well as inputs from companies with assumptions and analysis on MSD improvement (R4-2219569 HW)

Moderator’s recommendation:
The TP includes MSD improvement studies in last meeting, if necessary, companies can provide revision suggestions for the corresponding analysis. For other issues related to signalling design, they will be discussed in Topic#3, i.e. the signalling part for lower MSD.
· Recommended WF
· TBA 


Topic #3: Study of signaling for Lower MSD (Agenda 8.6.4.2)
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2218117
	Views on signaling for lower MSD
	Apple
	Observation 1: Single lower MSD value for all band combinations and all MSD types would not be physically meaningful as it is totally decoupled from the MSD mechanisms.
Observation 2: If a network would make decision based on its own threshold level(s), having multiple threshold values would have better granularity to accommodate different networks.
Observation 3: As MSD is highly dependent on the band combination, component carrier allocations, the type of interference and the interference order, a more sensible approach is to have per band combination, per MSD type based reporting.
Observation 4: Allowing UE to faithfully report it’s MSD capability down to 1dB granularity for different MSD types in each band combination would potentially load up the signaling memory capacity substantially.
Observation 5: If the lower MSD signaling would be developed where all the lower-order band configurations may have to be captured to indicate the combination specific MSD values, the merit of the band combination fallback rule could potentially be nullified.
Observation 6: If the lower MSD capability would be artificially specified without verification, the signaling would effectively become useless as all the UEs likely will signal the lowest MSD capability to the network.
Observation 7: To verify the lower MSD capability, all the lower MSD requirements and test configurations would need to be specified in the technical specifications.
Proposal: The potential signaling complexity and the specifications impact need to be carefully evaluated when considering the lower MSD reporting.

	R4-2218195
	Signalling for low MSD
	Qualcomm Technologies Int
	Observation 1: It would be difficult for companies to agree on specific low MSD values for each band combination and each impairment where lower MSD is desired. We see the ability for the UE to declare the achievable lower MSD for each band combination and impairment as an easier method of implementing this feature. Also, the declaration of specific lower MSD values by the UE will eliminate the need for multiple thresholds.
Proposal 1: 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 signalling. 
Proposal 2: The resolution of the UE declared low MSD value is [1.0] dB
Observation 2: RAN4 does not currently mandate how a network uses the MSD information for any band combination. Knowing a UE can achieve lower MSDs enables a network to schedule carriers more efficiently.
Proposal 3: Allow networks to use the low MSD information as they like
Proposal 4: Do not consider dynamic MSD reporting for the lower MSD feature in this WI

	R4-2218298
	On lower MSD capability signaling
	Facebook Japan K.K.
	Proposal #1: RAN4 only introduces a threshold to indicate the lower MSD capability for all CA/DC band combinations to report the individual MSD threshold for all CA/DC band combinations.
Proposal #2: RAN4 only introduces a single predefined threshold using 3-bit MSD reporting bitmap in Table 8 for all CA/DC band combinations regardless of different MSD sources.
Proposal #3: For the same MSD source with different orders, the following 3-bit MSD reporting bitmap will be applied to all CA/DC band combinations.
Proposal #4: RAN4 can consider the above 3-bit MSD reporting bitmap in Table 8 as a starting point for a high-power NR CA band combinations UE.
Proposal #5: RAN4 need to add a normative note to verify an expected MSD improvement as follow. 
NOTE X: If the UE supports the lower MSD capability, then a reported MSD threshold shall be tested and verified as the REFSENS exception requirements with the appropriate test point in each reference sensitivity exceptions in section 7.3A.4, 7.3A.5 and 7.3A.6.

	R4-2218554
	Lower MSD capability signaling
	Nokia, Nokia Shanghai Bell
	Observation 1: Even if a UE with better isolation still may have challenges in achieving MSD = 0 dB based on the existing MSD definition for MSD type like lower order IMD, UL harmonics and harmonic mixing while it may be possible to have MSD = 0 dB region(s) even within the victim channel bandwidth.  
Observation 2: The information on where MSD = 0 dB within a victim channel bandwidth (or even outside the victim channel bandwidth) would be easily treated by a network since MSD in this region is not affected by aggressor’s power(s) in a UE.  It’s noted that in our view, MSD lower MSD capability information based on the conventional method is also still valuable.
Observation 3: If MSD = 0 dB region is reported to a network by a UE, that information can be utilized by an operator network that doesn’t have frequency separation between bands to cause an MSD that directly hits the victim channel bandwidth.
Proposal 1: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD definition.
Observation 4: With static DL centric approach, lower MSD capability can be utilized in several ways, e.g., 
· Simply using a lower MSD capability value as admission control of CA configuration
· Adjusting a threshold for CA configuration depending on lower MSD capability, e.g., RSRP in event A4 is X dBm threshold for a UE without lower MSD capability and if a UE has 10 dB MSD, then, the threshold is relaxed by 10 dB, i.e., X - 10 dB. Note that there are other metrics like RSRQ, etc.
· Frequency resources can be FDMed, if MSD = 0 dB region is indicated 
Observation 5: Per BC makes signaling simpler than per MSD type and/or order per BC while the former doesn’t provide sufficient information for a NW to make maximum use of it if more than one MSD can be seen under the NW. 
Observation 6: There is a case that the same BC has two different MSD due to the same MSD type and order. In this case, per MSD type and order per BC cannot differentiate them without additional identification, e.g., victim DL band or frequency component of the order.
Proposal 2: Consider reporting victim band together with MSD type
Observation 7: MSD minimum requirements for the same MSD type and/or order can be very different from PC to PC, e.g., in some cases, the difference is more than 10 dB, e.g., IMD4 for dual UL CA_n5-n77. 
Proposal 3: Allow UE to report different lower MSD capability according to power class
Observation 8: Reporting all the lower MSD capabilities per the highest order BC supported by a UE makes signaling redundant. The redundancy can be reduced by reporting the capabilities for only fallback BCs that are captured in 38.101-1/-3 MSD tables. NW can assume that all the supported higher order BCs by the UE inherit the reported MSD capabilities per fallback BCs as shown in Table 4. 

	R4-2218606
	Further discussion on the capability signalling design for Low MSD indication
	CHTTL
	Proposal 1: For the per victim band per MSD type per band combination lower MSD UE capability, 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.
Noted that it was agreed that the lower MSD UE capability is optional, so proposal 1 does not mean the UE should report all of the orders, or all of the bandwidths, or all of the power classes in the capability report.
Proposal 2: The lower MSD report can be defined as follow:
· 	The MSD for the given interference type is not larger than the reported value under the same condition after the improvement. The applicable report values can be MSD = 0 and multiple thresholds (e.g. multiple of X dB.)
The value of X dB can be further discuss, e.g. [5] dB for PC3.
Proposal 3: RAN4 to discuss potential solutions from RAN4 perspective on reducing the signalling overhead for the low MSD indication, including the following options.
· A joint solution of one bit low MSD indication per BC with the per victim band per MSD type per band combination signaling, one bit low MSD indication can be used if all MSD types for this BC have been improved to above a threshold.
· Other solutions are not precluded.

	R4-2218647
	Discussion on lower MSD capability
	CMCC
	Observation 1: final NW behavior is related to several factors besides MSD capability, e.g. UE DL received power strength, UE’s UL and DL throughput demand. NW may take all UE’s capability and condition into consideration to make global optimal solution.
Proposal 1: it’s better to let UE report supported MSD value and let gNB use such information to determine final behavior considering the trade-off between UL performance gain and DL degradation rather than letting gNB determine candidate values and send to UE to let UE report which/whether is supported.
Observation 2: when SNR is enlarged by 1dB, the throughput could be enhanced by max 10% or even 55% according to the simulation results of NR UE PDSCH demodulation requirements.
Proposal 2: it’s suggested that UE could report lower MSD capability as long as it has MSD enhancement. There is no threshold for triggering such capability.

	R4-2218674
	Discussion on signaling for improved lower MSD
	LG Electronics France
	Observation 1: When the UE reports the lower MSD capability, the number of signaling bits may be determined according to the “Granularity of the optional lower MSD UE capability”, and thus the signaling overhead may occur for the improved MSD.
Observation 2: If information of reporting lower MSD capability is restricted to reduce signaling overhead, the source or victim band of MSD may become ambiguous.
Observation 3: If the network behavior is considered for lower MSD, the signaling overhead for improved lower MSD can be reduced.
Proposal 1: Consider the network behavior for lower MSD capability.
Proposal 2: Further discussion is needed on the specific operation for lower MSD between the network and the UE.

	R4-2218756
	Discussion on signaling for Lower MSD
	Samsung
	Observation 1: For a band combination, operators may only care about certain kind of MSD which their spectrum holdings suffered.
Observation 2: The first important thing of this capability is to guarantee sufficient information provided to facilitate NW scheduler, rather than over-pursuit of signalling overhead saving.
Proposal 1: 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 2: 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.
- How to quantify “small” and “significant” is up to UE decision.
Proposal 3: 
· 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.
Observation 3: 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 4: 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 5: 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 6: 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 7: 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.
Proposal 4: 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.
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.
Proposal 5: Explicit Lower MSD capability threshold(s) should be predefined, captured in RAN2 or RAN4 or both needs further discussion in future meetings. Lower MSD threshold(s) are not supposed to be flexibly configured from NW to UE.
Proposal 6: It is suggested to define exact absolute Lower MSD threshold(s).
Proposal 7: Combined with the analysis of improved MSD, it is suggested to define multiple thresholds for sake of sufficient information provided for network scheduler.
Proposal 8: By properly defining the granularity of the thresholds, identical Lower MSD thresholds applicable for all kinds of MSD could be considered.
Proposal 9: In terms of multiple thresholds approach, it is suggested to consider 0/5/10/15dB as thresholds for PC3 for all kinds of MSD, while 3dB could be considered as the offset vs power class.
Proposal 10: The victim band, the MSD type (harmonic; harmonic mixing; cross band isolation; IMDn, n=1, …..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.
Observation 9: 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.
Observation 10：If per victim band per MSD type per BC reporting Lower MSD values 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 11: For 3-bands combination, network could assume the Lower MSD capability for 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.
Observation 12: For band combination with more than 3-bands, all kinds of Lower MSD capability could inherit from its same power class fallback combinations. 
Proposal 11: 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-bands 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 12: Lower MSD capability is applicable for PC1.5, PC2 and PC3. FFS on whether it is necessary for UE to report Lower MSD capability for different power classes.
Proposal 13: Considering UL power back-off/ dynamic reporting/ UE SIR are anticipated to lead to considerable complexity for UE implementation, do not consider them under this WI in Rel-18.

	R4-2218840
	Continue discussion for low MSD signalling study
	MediaTek Inc.
	Observation 1: The downlink performance is only regard to REFSENS level (effective SINR) of the band and proportional to the order of aggressor regardless MSD mechanisms.
Proposal 1: Network behavior correspond to different MSD levels need to have further understanding or to be clarified. The information can be justification to consider low MSD threshold and how to design low MSD UE capability reporting
Proposal 2: The low MSD capability threshold is only regard to absolute MSD value. We suggest RAN4 to discuss unified MSD threshold per band per band combination regardless of MSD mechanism and uplink power class of the combo. Signaling overhead can be significant lowered with such approach.
Proposal 3: 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.
Proposal 4: For higher order band combinations, worst case of low MSD capability signaling (largest MSD value) for the band applies

	R4-2218859
	Further study of signaling on Lower MSD
	vivo
	Proposal 1: NW handle the band combination configuration based on the MSD capability reporting is up to NW implementation.
Proposal 2: Resubmit views for some basic points:
· MSD capability
· How to report the lower MSD capability for a BC with same MSD type but different orders
For IMD, only the lowest order is considered when the victim band within the band combination suffers more than one orders of IMD.
· Dynamic MSD reporting
Do not consider.
· Lower MSD threshold(s)
· Absolute MSD value/threshold(s) or relative threshold(s)
define exact absolute Lower MSD threshold(s).
· Single value/threshold or multiple thresholds
Single threshold
· Whether same lower MSD threshold(s) for different MSD types
identical Lower MSD threshold(s) for different interference type could be considered.
· Predefined or NW configurable thresholds
The MSD thresholds can be predefined

	R4-2219038
	Discussion on lower MSD signaling for inter-band CA/EN-DC/DC
	Xiaomi
	Observation 1: If there is no upper bound, the lower MSD signaling becomes meaningless as any UE could indicate this lower MSD capability.
Observation 2: Theoretically, it is unfair to have a same upper bound for different band combination from UE implementation point of view. However, if different upper bound is defined for different band combination, the work load would be very high as we need to investigate the MSD improvement for specific band combination.
Proposal 1: support to have a specific value as an upper bound for lower MSD threshold(s). Regarding the value, our preference is option 2 (18 dB).
Observation 3: For a specific band combination, there is at most one order for harmonic or harmonic mixing. However, for IMD type, there may be up to 4 orders.
Proposal 2: if there are multiple orders of IMD for a specific band combination, only the lowest order of IMD improvement is considered to be reported.
Observation 4: Whether lower MSD capability is reported separately for each supported power class or not depends on how the network handle this capability.

	R4-2219269
	On the signalling design for lower MSD capability
	Huawei, HiSilicon
	Proposal 1: Define Lower MSD as an optional UE capability, which is used to indicate that the effective level of self-interference at the UE is lower than the minimum requirements specified by 3GPP.
Proposal 2: 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.  
Proposal 3: For reporting MSD values, define multiple intervals as: MSD=0dB, MSD≤[5]dB, MSD≤[10]dB, MSD≤[15]dB.
Proposal 4: In order to facilitate the network to estimate the self-interference level at the UE, allow and enable the UE to report the ratio of MSD reduction to Tx power reduction. The detailed signaling design is FFS.
Proposal 5: Adopt a joint reporting solution which combines the single-bit low MSD indication (as described in Table 2) with detailed low MSD information (as described in Table 1). The single-bit low MSD indication can be signaled together with the report of supported band combinations. The detailed low MSD information may be signaled upon network request.
Proposal 6: Define and evaluate the lower MSD capability based on the 1st test point for a band combination in the 3GPP spec. 
Proposal 7: 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.

	R4-2219594
	R18 Discussion on MSD improvement signalling
	OPPO
	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.

	R4-2218553
	TP for TR 38.881 possible Lower MSD signaling approaches
	Nokia, Nokia Shanghai Bell
	TP for TR 38.881 on possible Lower MSD signaling approaches. 



Open issues summary
Sub-topic 3-1: Network behaviour for the lower MSD
Issue 3-1-1: What’s the supposed NW behaviour for the possible lower MSD capability
Option 1: NW handle the band combination configuration based on the MSD capability reporting is up to NW implementation. (vivo)
Option 2: Allow networks to use the low MSD information as they like (QC)

Moderator’s recommendation:
In general, companies think how to use UE reported lower MSD capability is up to NW implementation. Better understanding the NW behaviour would be helpful for signalling design, which can be discussed along with specific issues related to signalling design as well as consideration of signalling overhead reduction.
· Recommended WF
· No need to make a conclusion for the specific NW behaviour. NW behaviour can be discussed along with the signalling design 


Sub-topic 3-2: MSD capability
Issue 3-2-1: Whether RAN4 can confirm to introduce the optional lower MSD UE capability in the study phase?
Option 1: Yes. RAN4 confirm to introduce the optional lower MSD UE capability in the study phase. Details of signalling design are FFS.
Option 2: No
Option 3: Other

Moderator’s recommendation:
In the WF in last meeting, optional lower MSD UE capability is conditioned on what is intended for the signalling The common understanding is that the optional UE capability is necessary according to the available contributions in this meeting. It is the basis for the following detailed discussion.
· Recommended WF
· Check whether option 1 is agreeable


Issue 3-2-2: Conditions to indicate the lower MSD capability
Option 1: 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. 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. (Samsung)
Option 2: it’s suggested that UE could report lower MSD capability as long as it has MSD enhancement. There is no threshold for triggering such capability (CMCC).

· Recommended WF
· TBA 


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 (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: Others.

· Recommended WF
· TBA 


Issue 3-2-4: Lower MSD capability for IMD with different orders 
Option 1: (Samsung).
· 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 (Xiaomi)
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} (OPPO)
Option 4: Others

· Recommended WF
· TBA 


Issue 3-2-5: Lower MSD capability for Harmonic/harmonic mixing/cross band isolation with different test points
Option 1: (Samsung).
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 (HW)
Option 3: Others

· Recommended WF
· TBA


Issue 3-2-6: MSD reporting vs power backoff / dyanmic reporting in Rel-18
Option 1: Do not consider UL power back-off/ dynamic reporting/ UE SIR in this WI in Rel-18. (Samsung, QC, vivo).
Option 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 (OPPO)
Option 3: In order to facilitate the network to estimate the self-interference level at the UE, allow and enable the UE to report the ratio of MSD reduction to Tx power reduction. The detailed signaling design is FFS (HW)
Option 4: Others

· Recommended WF
· TBA 


Sub-topic 3-3: Lower MSD threshold(s)
Issue 3-3-1: Absolute MSD value/threshold(s) or relative threshold(s) 
Option 1: It is suggested to define exact absolute Lower MSD threshold(s) (Samsung, vivo, MTK)
Option 2: Others

Moderator’s recommendation:
Most companies prefer absolute MSD threshold(s).
· Recommended WF
· Check whether option 1 is agreeable 


Issue 3-3-2: Single value/threshold or multiple thresholds 
Option 1: Multiple thresholds (Samsung, Apple, CHTTL, HW, OPPO)
Option 2: Single threshold (vivo)

Moderator’s recommendation:
Most companies prefer multiple MSD threshold(s).
· Recommended WF
· Check whether option 1 is agreeable


Issue 3-3-3: In case of single threshold, the proposed value 
Option 1: Single value with [1.0] dB resolution (QC)
Option 2:  An MSD value around [10] dB might be a possible threshold for Low MSD (vivo)

· Recommended WF
· TBA 


Issue 3-3-4: In case of multiple thresholds, the proposed values 
Option 1: 0dB, 5dB, 10dB, 15dB (Samsung, CHTTL, HW)
Option 2: support to have a specific value as an upper bound for lower MSD threshold(s), i.e. 18dB (Xiaomi)
Option 3: (OPPO)
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
Option 4: using 3-bit MSD reporting bitmap (3dB, 6dB, 9dB, 12dB, 15dB, 18dB, >18dB) for all CA/DC band combinations regardless of different MSD sources (Meta) 
Option 5: Others

· Recommended WF
· TBA 


Issue 3-3-5: Whether same lower MSD threshold(s) for different MSD types 
Option 1: identical Lower MSD threshold(s) for different interference type could be considered. (Samsung, vivo, MTK, Meta)
Option 2: Others

· Recommended WF
· To check if option 1 is agreeable 


Issue 3-3-6: Predefined or NW configurable thresholds 
Option 1: Explicit Lower MSD capability threshold(s) should be predefined. Lower MSD threshold(s) are not supposed to be flexibly configured from NW to UE (Samsung, CMCC, vivo). 
Option 2: Others

· Recommended WF
· TBA 


Sub-topic 3-4: Applicability of lower MSD capability
Issue 3-4-1: Applicability of the lower MSD capability for power classes 
Option 1: Allow UE to report different lower MSD capability according to power class (Nokia)
Option 2: Lower MSD capability is applicable for PC1.5, PC2 and PC3. FFS on whether it is necessary for UE to report Lower MSD capability for different power classes (Samsung)
Option 3: RAN4 to discuss unified MSD threshold per band per band combination regardless of MSD mechanism and uplink power class of the combo (MTK)

· Recommended WF
· TBA 


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. (Samsung)
· 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 (MTK)
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 (HW)
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 (OPPO)
Option 5: Others

Moderator’s recommendation:
The options are not exclusive. It seems most proposals agree to use 2-band (Harmonic/Harmonic mixing/IMD/Cross band isolation) or 3-band combination (IMD with 3rd impacted DL band) as basis to derive the capability for higher order band combinations.
· Recommended WF
· TBA 


Sub-topic 3-5: Format of lower MSD capability
Issue 3-5-1: How to report the lower MSD capability
Option 1: A joint solution of one bit low MSD indication per BC with the per victim band per MSD type per band combination signaling, one bit low MSD indication can be used if all MSD types for this BC have been improved to above a threshold (CHTTL).
Option 2: Adopt a joint reporting solution which combines the single-bit low MSD indication (as described in Table 2) with detailed low MSD information (as described in Table 1). The single-bit low MSD indication can be signaled together with the report of supported band combinations. The detailed low MSD information may be signaled upon network request (HW)
Table 1: Lower MSD Information Unit for a band combination
	Lower MSD 3-tuple
	<MSD value, MSD source, Victim band>

	MSD Value
	The index of {MSD=0dB, MSD≤[5]dB, MSD≤[10]dB, MSD≤[15]dB}

	MSD Source
	The index of the set of {ULn/DLm (n=2, …,5, m=1, …,5), cross-band ISO, IMDn (n=2, …,7)}

	Victim Band
	Band no or the band index within the DL band combination


Table 2: The single-bit low MSD indication for a band combination
	Bit Value
	Meaning

	Absent
	The UE complies with the minimum requirements for MSD specified by 3GPP. This is also the default for legacy UEs.

	0
	The UE has improved at least one of the MSD performances related to the given band combination. The network may further enquire the UE for detailed low MSD information such as value, source and victim band.

	1
	The UE has improved all of the MSD performances related to the given band combination with MSD≤[5]dB.



Option 3: 2-bit signalling solution (Samsung). 
	Bit map
	Maximum allowed actual MSD (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0 dB
	Ⅰ
	

	01
	5 dB
	Ⅱ
	0 ≤ Actual MSD ≤ 5

	10
	10 dB
	Ⅲ
	5 ＜ Actual MSD ≤ 10

	11
	15 dB
	IV
	10 ＜ Actual MSD ≤ 15



Option 4: RAN4 introduces 3-bit MSD reporting bitmap in Table below for all CA/DC band combinations regardless of different MSD sources (Meta)
	Bit map
	Maximum allowed actual MSD 
(i.e. Thresholds)
	Lower MSD Capability classes
	Note

	000
	-
	Not supported the lower MSD optional capability 
	Not supported the lower MSD capability. Only apply the existing MSD requirements in TS38.101-1 and TS38.101-3.

	001
	3 dB
	Ⅰ
	0 ≤ Actual MSD ≤ 3

	010
	6 dB
	Ⅱ
	3 < Actual MSD ≤ 6

	011
	9 dB
	Ⅲ
	6 < Actual MSD ≤ 9

	100
	12 dB
	IV
	9 < Actual MSD ≤ 12

	101
	15 dB
	V
	12 < Actual MSD ≤ 15

	110
	18 dB
	VI
	15 < Actual MSD ≤ 18

	111
	> 18 dB
	VII
	Actual MSD > 18


Option 5: Others

· Recommended WF
· TBA.


Sub-topic 3-6: Reducing signaling overhead
Issue 3-6-1: Methods to reduce the signaling overhead
Option 1: Consider the network behaviour for lower MSD capability for sake of signalling overhead reduction (LGE)
Option 2: 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. 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 (OPPO)
Option 3: Others

· Recommended WF
· TBA 


Sub-topic 3-7: Spec impact due to lower MSD capability
Issue 3-7-1: How to reflect the lower MSD in RAN4 spec
Option 1: Explicit Lower MSD capability threshold(s) should be predefined, captured in RAN2 or RAN4 or both (Samsung)
Option 2: RAN4 need to add a normative note to verify an expected MSD improvement as follow (Meta)
NOTE X: If the UE supports the lower MSD capability, then a reported MSD threshold shall be tested and verified as the REFSENS exception requirements with the appropriate test point in each reference sensitivity exceptions in section 7.3A.4, 7.3A.5 and 7.3A.6. 
Option 3: 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 (OPPO)
Option 4: Others

· Recommended WF
· TBA.


Sub-topic 3-8: Verification of lower MSD capability
Issue 3-8-1: Lower MSD capability if reported should be verified
Option 1: Yes (Meta, Samsung, HW, OPPO, Apple)
Option 2: No

· Recommended WF
· To check if option 1 is agreeable.


Sub-topic 3-9: TP on possible Lower MSD signalling approaches
Issue 3-9-1: Text proposals on Possible MSD reporting approach and signalling overhead reduction approach (R4-2218553 Nokia)

· Recommended WF
· TBA

