3GPP TSG-RAN WG4 Meeting #106-bis-e   									                 R4-2306202
Online, April 17 - April 26, 2023

Agenda item:			5.5.5
Source:	Moderator (Huawei, HiSilicon)
Title:	Topic summary for [106bis-e][123] FR1_enh2_part1
Document for:	Information
Introduction
Thread [123] includes following topics:
1. Topic #1: Information & approaches for lower MSD signalling design
2. Topic #2: UE RF requirements for lower MSD
3. Topic #3: TPs for TR 38.881

It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	Huawei (Moderator)
	Ye Liu
	leo.liuye@huawei.com

	Samsung
	Yuanyuan Zhang
	Tina55.zhang@samsung.com

	Skyworks Solutions Inc.
	Dominique Brunel
	dominique.brunel@skyworksinc.com

	Ericsson
	Christian Bergljung
	Christian.Bergljung@ericsson.com

	Qualcomm
	Chan Fernando
	mcfernan@qti.qualcomm.com

	Apple
	James Wang
	fucheng_wang@apple.com

	Meta Ireland
	Suhwan Lim
	suhlim@meta.com

	OPPO
	Jinqiang
	xingjinqiang@oppo.com

	Xiaomi
	Shengxiang Guo
	guoshengxiang@xiaomi.com

	AT&T
	Ron Borsato
	ronald.borsato@att.com

	Nokia
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	LGE
	Yunsik Na
	yunsik.na@lge.com

	MediaTek Inc.
	Huanren Fu
	huanren.fu@mediatek.com


Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)

Topic #1: Information & approaches for lower MSD signalling design 
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2304094
	Views on lower MSD signaling
	Nokia, Nokia Shanghai Bell
	Proposal 1: Power Class information shall be reported together with lower MSD value(s).
Proposal 2: Ask RAN2 for feasibility of reducing the number of signaling overhead via UECapabilityEnquiry.
Proposal 3: As compromise, consider a following table as a candidate.
[image: ]
Proposal 4: Further discuss MSD=0 dB region approach and Single-bit lower MSD capability indicator approach in the future meetings.

	R4-2304182
	Updated the lower MSD capability signalling
	Meta Ireland
	Proposal #1: RAN4 can consider the ratio of MSD reduction or the indication of individual UE power classes when RAN4 concludes to apply the different MSD threshold mechanism per each UE power class. 
Proposal #2: Single bit indication of small MSD capability (MSD <= [3]dB) can be reported to apply the improved MSD level by the high order IMD/harmonic problems. 
Proposal #3: Above proposals in option 1 or option 4 will be applied to reporting orders in CA/DC band combinations to define the lower MSD capability signalling. 
Proposal #4: RAN4 introduces multiple MSD thresholds using 3-bit MSD reporting bitmap in Table 1 to apply lower capability for all CA/DC band combinations according to the different MSD types and different order within the same MSD source.
Proposal #5: When a single bit indication of small MSD capability is enabled (MSD <=[3]dB), RAN4 can use the 2-bit MSD reporting bitmap in Table 2. 
Proposal #6: RAN4 can consider the above 3-bit MSD reporting bitmap in Table 1 as a starting point for a high-power NR CA band combinations UE. If RAN4 concludes that different MSD mechanisms or MSD thresholds are needed, the ratio of MSD reduction or individual indication of UE power class can be considered.

	R4-2304202
	discussion on MSD capability
	CMCC
	Observation 1: To compare with minimum MSD requirement in 38.101, MSD enhancement capability should include the MSD value under max power assumption.
Observation 2: gNB needs the relationship between Tx power and MSD to determine final UE Tx power and trade off between UL and DL performance.
Observation 3: several dB (e.g. 1-2dB) MSD enhancement will not change final scheduling algorithm because the granularity or accuracy of all inputs factors for scheduling algorithm are comparable or larger than several dB (e.g. 1-2dB).

	R4-2304389
	Signalling for low MSD
	Qualcomm Technologies Int
	Proposal 1: A given band combination can indicate lower MSD capability for any impairment and any level of MSD improvement over what is in the current specification.
Proposal 2: All power classes should use one MSD table.
Observation: Using MSD tables having large thresholds makes the MSD information less accurate as UEs reporting MSD values from the upper portion of a given threshold are treated similar to those reporting values from the lower part of the same threshold step. These inaccuracies grow with the magnitude of the MSD threshold step.
Proposal 3: Adopt the following MSD table with large dynamic range and moderate MSD granularity having the thresholds indicated below:
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	R4-2304520
	On the signalling design for low-MSD capability
	Huawei, HiSilicon
	For the key design issues for low-MSD signaling, we have the following proposals:
Proposal 1: 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 2: Apply the worst-case test point defined in the specification as the reference UL/DL configuration for the low-MSD capability. 
Proposal 3: The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)}. The UL/DL harmonic order are not indicated.
Proposal 4: If a band combination could suffer from harmonic interference of different orders, treat them as exceptional cases.
Observation 1: As per the agreement in RAN4#106, it’s only necessary to define one set of low-MSD thresholds which are applicable for quantising the MSD values caused by different MSD mechanisms/sources.
Proposal 5: When deciding the MSD thresholds, consider the following factors:
· How the low-MSD information is utilised by the network
· The reporting range, i.e. [0, max-MSD]
· The resolution of the thresholds, i.e. step-size
· Signalling overhead
Proposal 6: The target reporting range for low-MSD is around 0~20dB. And the number of bits for representing MSD thresholds are no more than 3 bits.
For other issues, the proposals are as follows:
Proposal 7: Use the same set of thresholds to report MSD for all aggressor power classes.
Proposal 8: Allow a UE to report the low-MSD information for different power classes (i.e. 23dBm, 26dBm and 29dBm), or for the power class requested by the network. Consider to extend the reporting for other Tx power levels requested by the network. 
Proposal 9: For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case.

	R4-2304663
	Discussion for lower MSD threshold
	LG Electronics France
	Observation 1: There are big differences of MSD values according to MSD types(harmonic, harmonic mixing, intermodulation and cross band isolation) and power classes(PC1.5, PC2 and PC3).
Observation 2: There are both advantages and disadvantages for low and high threshold value for lower MSD. We need to consider advantage and disadvantage for determining lower MSD threshold value.
Observation 3: There are both threshold error and lower MSD granularity error in lower MSD capability table. We should consider both threshold error and lower MSD granularity error.
Proposal 1: Consider the separate lower MSD thresholds and granularity for each MSD types(harmonic, harmonic mixing, intermodulation and cross band isolation) and power class.
Proposal 2: Consider the ratio of exceptional case to determine the lower MSD threshold.
· Ratio of exceptional case = number of exceptional case for lower MSD threshold/total number of combination
e.g. assuming the 15 dB threshold for harmonic PC3 MSD, the number of exceptional case is 17 and ratio of exceptional case is 19.76 (17/86) %.
Proposal 3: Consider the two(multi) granularity by distinguishing between MSD range with a relatively large number of band combinations and other ranges like table 3.
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	R4-2304717
	Views on signalling design for lower MSD
	Samsung
	Proposal 1: Remove the sub-bullet in the agreement of last meeting.
· UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
· The amount of MSD improvement necessary for indication needs further study
Proposal 2: It is suggested to further discuss the test configuration for the specified minimum MSD for conformance test, i.e., How to deal with the case UE does not support the specified configuration? 
An alternative is: Send LS to RAN5 with clarification that for one band combination, in case UE does not support any of the specified configuration, the worst case configuration the UE supported itself for this band combination should be chosen as test configuration and conform to the largest MSD specified (cross band isolation could be an example).
Proposal 3: For cross band isolation, in terms of lower MSD capability:
- If UE supports the specified worst case configuration which corresponds to the largest MSD, it should be chosen to verify lower MSD capability
- If UE does not support the specified worst case configuration，FFS on the test configuration for lower MSD
Alt 1: The worst case configuration the UE supports itself is chosen as test configuration (→ But may lead to new test point against the exiting specified test point for conformance test)
Alt 2: Others
Proposal 4: Lower MSD capability is applicable for PC1.5, PC2 and PC3. Allow UE to report Lower MSD capability for different power classes.
Proposal 5: Power class could be included as one essential information to be made aware to NW, while CBW of aggressor UL and victim DL are not necessary to be included.
Proposal 6: It is suggested to consider 0/5/10/15dB as thresholds applicable for all kinds of MSD.
Proposal 7: One set of MSD threshold could be applicable to different MSD mechanism and different orders within this mechanism, as well as different power classes.

	R4-2304870
	Discussion on possible Lower MSD signalling approaches
	MediaTek Inc.
	Issue 2-1-7: Candidate MSD thresholds
Observation 1: The agreement "Identical lower MSD threshold are applicable for each MSD mechanism" is only applicable for the threshold-based approaches
Proposal 1: A UE should be allowed to report the low MSD capability for any MSD requirements that have been defined in the 3GPP specifications for a given band combination.
Proposal 2: It can be further discussed whether single threshold values set applies for each MSD mechanism or each MSD mechanism has individual threshold values set for all band combos is applicable for the agreement
Left issue in the WF R4-2303695
Proposal 3: For simplification on RAN4 work, UE can report improved MSD in granularity of 1dB. Let network decide its behavior on how to schedule UEs.
Proposal 4: For how to report the lower MSD capability, we propose an adaptive signaling that network can require UE only report top K largest MSD values via UE’s improved capability per victim band per BC as 2-tuple of < MSD mechanism / Aggressor power class and its order, MSD value >. 
The MSD mechanism index need to represent:
MSD due to cross band isolation
MSD due to UL harmonic
MSD due to receiver harmonic mixing
MSD due to UL intermodulation
MSD due to UL triple bit
Aggressor order max up to 9 in existing specs
Aggressor power class includes power classes in existing specs such as PC1.5, PC2 and PC3
MSD value range in existing spec is about 0.7 ~ 37.8

	R4-2305083
	Discussion of lower MSD Signalling
	vivo
	Proposal 1: For the extra information considered in the lower MSD capability, the following two items may be useful:
· Power class of the aggressor UL (if needed)
· single-bit low-MSD indicator for a UE that all MSD types for this BC have been improved to above a threshold
Proposal 2: The following thresholds were proposed:
· 0≤ MSD＜3 dB
· 3≤ MSD＜6 dB
· 6≤ MSD＜12dB
· 12≤ MSD＜[20]dB
It is noted that those mappings are intended for different MSD types and orders.
Proposal 3: No new test configurations (points) be set for lower MSD compared to current MSD requirements.

	R4-2305130
	On lower MSD for inter-band CA/ENDC
	ZTE Corporation
	Observation 1. Measurements are anyway useful to avoid a situation that UE can report lower MSD capability without any actual improvement. 
Proposal 1. To discuss how much MSD is improved can be considered as valuable in practical
Proposal 2. To include Power class of the aggressor UL and victim DL bandwidth additionally in the lower MSD capability reporting. FFS on Aggressor UL bandwidth.
Proposal 3. Identical thresholds can be applicable to all the MSD types and aggressor power class, and UE can report different MSD values within the range of the identical multiple thresholds, relies on MSD types and/or power class.
Proposal 4. Small granularity and more higher upper limit thresholds should be considered for multiple thresholds.
Observation 2. Inter-band CA/EN-DC/DC combinations were involved, but only inter-band CA band combination examples are proposed.
Propose 5. The same lower MSD capability approach are applied for both NR CA/DC and ENDC.
[bookmark: OLE_LINK47]Propose 6. Separate lower MSD signalling should be applied for inter-band NR CA/DC and ENDC.

	R4-2305296
	Discussion on lower MSD signaling for inter-band CA/EN-DC/DC
	Xiaomi
	Observation 1: it is hard to define a uniform and fair necessary amount of MSD improvement for all kinds of MSD type and band combinations.
Observation 2: even we define a condition that only the amount of MSD improvement is above X dB could allow UE report lower MSD capability, the network could not get a more accurate MSD value compared with no condition is defined because the network doesn’t know the UE minimum requirement.
Proposal 1: No need to define the necessary amount of MSD improvement for allowing UE to indicate lower MSD capability
Proposal 2: For the same MSD types with orders, only one lower MSD value is reported for each victim band even multiple test points are defined in the spec.
Proposal 3: the information of aggressor UL and victim DL bandwidth is not necessary.
Proposal 4: only reporting the MSD improvement for the supported maximum power class is preferred from the reducing signalling overhead point of view.
Proposal 5: 20dB could be as max threshold.
Proposal 6: adapt only 2 bits for reporting MSD value.

	R4-2305365
	Views on lower MSD signaling and UE RF requirements
	Apple
	Observation 1: The MSD defined in the technical specifications or to be reported by UE only occurs at a particular worst-case carrier configuration, but not necessarily and most likely not the MSD for the configuration scheduled by the network. 
Observation 2: Without the introduction of lower MSD capability, the spectrum utilization can be more efficient than with the lower MSD capability differentiation, especially when most of UEs do not report lower MSD capability.
Observation 3: A huge UE memory loading could be anticipated if all the MSD values caused by different mechanisms would be stored for hundreds or even thousands of band combinations subject to MSD impact.
Observation 4:  For CA_n1A-n3A-n5A-n78A, there are total of 21 MSD requirements specified. If all the parameters associated with the 21 lower MSD values would be signaled to the network, it could be a substantial overhead.
Observation 5:  It is unclear how the network would base on all the reported lower MSD values to make a decision in scheduling.
Observation 6:  It is unclear if a UE only reported lower MSD capability for part of the fallback combinations but not all of them, would the UE still be considered as with lower MSD capability for the combination?
Observation 7:  Either low or high MSD granularity would have its own drawback.
Observation 8:  If only one lower MSD value would be defined, a high MSD value closer to the specified MSD might not be useful, while a very low MSD value may exclude most of the UEs as it is unlikely to be achieved.
Observation 9:  If the specified MSD is 25dB and UE reported 23dB, and the network still considered MSD is too high and would not schedule the combination to the UE, the UE could end up with wasting tons of memory space storing those ineffective MSD values.
Observation 10: 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 11: 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 overhead, UE memory loading, and the specifications impact need to be carefully evaluated when considering the lower MSD signaling design.

	R4-2305564
	draft LS on lower MSD capability
	Huawei, HiSilicon
	

	R4-2305573
	Discussion on the information needed in the Lower MSD capability
	CHTTL
	Observation 1: If the aggressor UL and victim DL bandwidth is not included in the lower MSD capability, there still exists potential risk on acquiring incorrect information by referring to the worst case configuration in the specification. Probably the safest way is to include the information in the capability.
Observation 2: Since the lower MSD capability is an optional capability, it is reasonable to allow the HPUE having flexibility on reporting the lower MSD value according to different power class(es).
Proposal 1: RAN4 to discuss to include the aggressor UL and victim DL bandwidth information in the capability report.
Proposal 2: RAN4 to discuss to include the power class information of the aggressor UL in the capability report, including the support of reporting different lower MSD capability according to power class(es).

	R4-2305656
	Input on improved MSD signaling and requirement
	Skyworks Solutions Inc.
	Proposal 1 on MSD types for low MSD signalling:
· Only one MSD threshold is signalled per MSD types below
· Type 1 – 2DL inter-band with 1UL/1CC harmonics 
· Type 2 – 2DL inter-band with 1UL/1CC harmonics mixing
· Type 3 – 2DL inter-band with 1UL/1CC cross-band interference
· Type 5 – 2DL inter-band with 2UL/2CC IMDs
· Type 6 – 3DL inter-band with 2UL/2CC IMDs
· When there are multiple test point for an MSD type (for example IMD2 and IMD3), the signalled MSD threshold should be valid for all valid test points of an MSD type.
· The following MSD types are not in scope for low MSD signalling in R18, but with more cases and maturity of the specification may be subject to the low MSD signalling in later release.
· Type 4 – 2DL inter-band with 1UL/2CC IMD interference
· Type 7 – 2DL inter-band with 2UL/3CC triple beat
· Type 8 – 3DL inter-band with 2UL/3CC triple beat
· As new MSD types may be introduced (for example 2UL cross-band MSD for LBLB), the applicability for low MSD signalling can be discussed for the release after the new MSD type is introduced.
· The signalling design should enable up to 16 different MSD types to be future proof.
Proposal 2 on requirement for lower MSD capability thresholds:
· The lower MSD capability is optional and by default is not signaled. If not signaled, the MSD value in RAN4 specification applies
· The threshold signalled should be at least 3dB better than the corresponding MSD value in RAN4 specifications
· The same threshold definition applies to all valid MSD types in proposal 1
· A different threshold value may be signalled per valid MSD types in proposal 1 and should be valid for all MSD test points of this MSD type
· A different threshold value may be signalled per band and/or band combination power class
· The four threshold values are:
· MSD is less than 1dB
· MSD is >1dB and less than 5dB
· MSD is >5dB and less than 10dB
· MSD is >10dB and less than 20dB.
Proposal 4 on conformance test:
· A UE signalling the optional lower MSD capability should not have more or different conformance test points than a legacy UE without lower MSD capability, only the test limits should be impacted
· When a UE signals a lower MSD threshold for a given MSD type, the currently applicable inter-band worst case MSD tests are performed, and the limit is modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2...), the test is also performed with the limit modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If the UE fails the test, the conformance test will have to be passed again either:
· With the UE now passing the test with the same threshold after HW/SW modifications
· With the UE passing the test with the higher threshold signalled
· With the UE passing the normal test without the lower MSD capability
· It should be noted that there are worst case MSD test points cases in 38.101-1 or 38.101-3 that some UE cannot pass as:
· They do not support the lowest channel UL CBW (very rare) for all 1UL and 2UL IMD test
· They do not support the largest channel UL CBW for the 1UL cross-band MSD case:
· In many cases, there is a second cross-band MSD test point that uses a lower UL CBW that a majority of UEs would support; in this case, this test point is used with the signalled threshold value as the limit
· In the rare case where a UE would not support the UL CBW of all the cross-band MSD test points, the UE is tested with the largest CBW it supports and uses the signalled threshold value as the limit
· The worst-case MSD test point is not valid for the support frequency range in a given region
· For this case, there is usually a second MSD test point that can be measured in any applicable region; in this case, this test point is used with the signalled threshold value as the limit. 



Open issues summary
Sub-topic 1-1: Conditions to indicate the lower MSD capability
Sub-topic description:
It was agreed in RAN4#106 that UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
-	The amount of MSD improvement necessary for indication needs further study

However, some further considerations on the conditions are also proposed in this meeting. Further clarification and alignment for the agreement is necessary. 

· Proposals
· Option 1: Remove the sub-bullet in the agreement of last meeting (Samsung)
· UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
· The amount of MSD improvement necessary for indication needs further study
· Option 2: The threshold signalled should be at least 3dB better than the corresponding MSD value in RAN4 specifications (Skyworks)
· Option 3: RAN4 should further discuss relation between specified MSD and MSD class and how to utilize MSD classes to make the capability meaningful as much as possible (Nokia)
· Observation 1: If specified MSD is within one of MSD classes (a class = between two thresholds), should be UE allowed to report the MSD class? Or should we set a rule that UE should improve MSD until actual MSD value goes into a lower MSD class lower than the MSD class where the specified MSD belongs to?
· Observation 2: If specified MSD is only a little bit larger than one of the MSD classes, is the UE allowed to report the MSD class? For example, specified MSD is 16 dB, while upper threshold of lower MSD class is 15 dB. Is the UE allowed to indicate lower MSD capability by only 1 dB MSD improvement?
· Option 4: For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case (HW)
· Option 5: A given band combination can indicate lower MSD capability for any impairment and any level of MSD improvement over what is in the current specification. (QC)
· Option 6: An adaptive signaling that network can require UE only report top K largest MSD values via UE’s improved capability per victim band per BC as 2-tuple of < MSD mechanism / Aggressor power class and its order, MSD value >
· Option 7: Others

· Recommended WF
· Obey the previous agreement with the sub-bullet removed if no better option
	Company
	Comments

	MediaTek
	Option 6 as proponent. Adaptive signaling can save initial access information overhead and give more flexibility on network scheduling.

	vivo
	It seems the options provided are not mutually exclusive. The recommended WF is ok for us if no more consensus can be agreed. 
Here are some of the further comments for different options:
Option 1: Seems flexible and aligned with recommended WF.
Option 2: Not so preferred. This may precludes the Case 2 in Nokia’s R4-2304187. But this is a bit more strict, and also may not so accurate since the a threshold can only mark a range.
Option 3:These are very good discussions. Our understanding is that for observation 1, we tend to prefer not allow the UE to report the Lower power class, since the minimum requirements can satisfy. For observation 2, it is similar to option 2, an we prefer to allow UE to report it.
Option 4: Tend to support with this one.
Option 5: Theoretically fine, but not so clear and lack detailed scenarios such as in previous scenarios.
Option 6: Seems to have some benefit, but details may need further discussion, and there may other alternatives 

	Huawei
	As the proponent, we believe option 4 can address most part of the concern. If needed, this issue can be further discussed after the MSD thresholds are decided.

	Samsung
	We can live with Option3-observation 1 and Option4 which seems are aligned.
Option 5 is not acceptable, since it is not aligned with the threshold conception we already adopted.
Option 6 is not preferred, which would lead to further complexity of UE implementation since it calls for comparison among different kinds of MSD.

	Skyworks
	At a minimum we should agree option 4 as the UE can only signal a MSD class that is lower than the MSD class to which the 38.101-1 requirement belongs. We also believe that the improvement should be sufficient for the network to handle the “lower MSD” UE in a different way than a legacy UE or a UE that does not signal lower MSD. We have this proposed that the condition should be that the MSD is at least improved by 3dB

	Ericsson
	MSD is a minimum requirement for verifying (front-end) linearity, very specific conditions not typical for operation in the field
Unclear how the network can use low-MSD signaling
· actions may be counterproductive if the UE is ‘functional’ other than in selected limited cases used for conformance testing of linearity
· the actual degradation by HD and IMD depend on the wanted signal level and MCS, HD and IMD location in a channel and DL physical channels affected
· retransmissions used in the field
We agree with the observations by Apple in R4-2305365

	Qualcomm
	Option5. UE can decide not to report MSD improvement if it deems the improvement to be too small.  We do not think that the decision to report or not should be mandated in the standard but should be left up to the UE to decide. We also agree with Option 1

	Apple
	There can be two ways of specifying the lower MSD capability:
1. The ∆MSD (ranges) relative to the specified MSD value. If the lower bound of the ∆MSD range exceeds the specified MSD value, the absolute MSD would be zero.
2. The absolute MSD values in ranges.
The first approach can cover the concern of most options as ∆MSD can only be positive value which means only improvement is allowed. However, if network would prefer absolute MSD for making scheduling decision, the network would have to store all the specified MSD configurations and values in order to derive the absolute MSD upper bound. For approach 2, if UE would report a range of MSD where the upper bound exceeds the specified MSD value, it is equivalent to no lower MSD capability. So UE should be self-aware not to signal the MSD in this range, and it does not seem to be necessary to explicitly define the signaling conditions.

	Meta
	RAN4 can consider option 1 as baseline we are not prefer to define the detail conditions. It can be further discussed in RAN4. Based on RAN4 consensus, RAN4 can add additional options.   

	ZTE
	Slight prefer option 3. we also think it is meaningless to report lower MSD capability with much smaller amount of MSD improvement. Measurements are anyway useful to avoid a situation that UE can report lower MSD capability without any actual improvement. 

	OPPO
	Ok with WF. 
Our understanding is that the lower MSD is an optional UE capability, and it depends on UE to indicate this capability as long as it is improved in a band combination. The concerns of too small improvement or other scenarios are understood but this actually depends on UE whether it thinks this kind of reporting is needed or not since anyway it depends on NW how to use the reported low MSD. There seems no necessity to further restrict the MSD reporting.

	Xiaomi
	We tend to support option 4. For option 2, if more than 3dB improvement but still within the same MSD threshold class, the network could not differentiate it because the network doesn’t know the UE minimum requirement.

	AT&T
	Option 4 should be taken as a baseline. RAN4 already agreed that a UE can only report the capability if there is sufficient improvement, and that the UE would need to meet the threshold limit if it signalled that level. We also think that taking a limited number of thresholds approach is the only way to limit the number of signalling bits required. This feature should have limited signalling overhead in order for it to be useful for UEs which are already constrained by UE capability capacity.
Generally agree with the observations and conclusion in the Apple paper in R4-2305365.

	Nokia
	For Option 1, it is not realistic to go with option 1, though the Option 1 may intend to say the same as Option 5.
For Option 6, we don’t think this option is the right place to discuss this issue. This option is a kind of filtering of signaling overhead reduction.
An alternative would be a kind of combination of Option 2 and 4.
On top of the Option 4, we add a restriction that a UE needs to improve MSD at least by TBD dB against a specified MSD.
If a specified MSD is 16 dB, the upper threshold for the next MSD class (IV) is 15 dB and TBD is 3 dB(example), the UE can indicate 15 dB, but the test requirement is 16-3 = 13 dB.




Sub-topic 1-2: Essential information included in the lower MSD capability
Sub-topic description:
It was agreed in RAN4#106 to consider the following info as starting point for the lower MSD capability
-	Victim band
-	MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
-	MSD value/thresholds
Power class of the aggressor UL, aggress Ul and victim DL bandwidth were also proposed in last meeting. 

Issue 1-2-1: Whether power class should be reported together with MSD values
· Proposals
· Option 1: Yes. (Nokia, Samsung, Skyworks, HW, vivo, CHTTL, QC, LGE, ZTE, Meta, MTK)
· Option 2: only reporting the MSD improvement for the supported maximum power class is preferred from the reducing signalling overhead point of view (Xiaomi)
· Option 3: others

· Recommended WF
· Option 1
	Company
	Comments

	MediaTek
	Option 1 with further information included in MSD type. Aggressor power class shall also considered in the MSD type.

	Vivo
	Option 1. As many companies analyzed, the power class may have considerable impact.

	Huawei
	By default, the UE report low-MSD information for the signaled BC power class. If the network enquires about another power class via some filtering e.g. UE-CapabilityRequestFilterNR, the UE will then report it accordingly. It’s better for a UE to avoid reporting low-MSD for all power classes (PC3/PC2/PC1.5) at once automatically. 
Hope this can ease the concern of the proponent of option 2.

	Samsung
	Option 1

	Skyworks
	Option 1

	Qualcomm
	Option 1. We think it is necessary to specify PC as the MSD varies significantly with output power.

	Apple
	Power class for the band combination anyways needs to be signaled to the network. The reported lower MSD capability should align with the signaled power class. It is unclear whether Option 1 would mean the power class needs to be signaled again under the MSD signaling field.

	Meta
	Option 1. RAN4 can report the UE power class if the different MSD improvements between PC3 and PC2 UE power class. But the difference is quite small, then RAN4 do not need to report UE power class. This can be determined the MSD evaluation results according to UE power class. 

	ZTE
	Option 1

	OPPO
	Ok with Option 1.

	Xiaomi
	Option 2 is our proposal. The problem is that
If a UE support PC1.5 for a band combination, do we really need to report 3 sets of lower MSD value for different power class (PC1.5, PC2 and PC3). From the reducing signalling overhead point of view ,we support only report the MSD improvement for only one power class (i.e. the supported highest power class

	AT&T
	We agree with the comments from Apple. It does not seem that the power class has to be reported again with the lower MSD information. Based on the comments from HW, it does not appear that an additional field to report the power class along with the lower MSD information is required.

	Spreadtrum
	Option1, MSD varies with different power class

	Nokia
	Option 1

	LGE
	Option 1

	Nokia
	To AT&T and Huawei,
In our understanding, an additional field to report the power class along with the lower MSD information is required. We have thought that the network can request not only one set of MSD capabilities associated with one power class, but rather the network can request multiple sets of MSD capabilities associated with respective power classes. But I guess it is up to network. If a network doesn’t plan to use MSD capabilities for lower power classes, e.g., PC3, PC2 for PC1.5 UEs, then, the network only requests the UE to report MSD capabilities for PC1.5 for that band combination. Perhaps, it would be great if Huawei could clarify their intention.



Issue 1-2-2: Whether CBW of aggressor UL and victim DL should be reported for lower MSD capability
· Proposals
· Option 1: Yes ([Nokia], CHTTL, [ZTE])
· Option 2: No (Samsung, Xiaomi, HW, vivo, Meta)
· Option 3: Others 

· Recommended WF
· TBA
	Company
	Comments

	MediaTek
	Option 2. If applying exactly same test point in the existing specs, the CBW would not be needed to be reported.

	Vivo
	Option 2. We tend to simplify the configurations.

	Huawei
	To reduce signaling overhead, it’s better to predefine such information. Regarding the CBW issue, it’s related to the following two cases:
1) max/min CBW for a given band as defined in the spec;
2) max/min CBW for a given band supported by a UE, which are signaled to the network.
If the CBWs in case 2 do not match those in case 1, it’s also impossible to force the UE to report or test low-MSD under case 1. 
As suggested by several companies, max/min CBW supported by the UE (in case 2) can be the fallback solution when mismatches happen. Maybe adding some clarification text in the spec about the CBWs to be used for low-MSD would be sufficient to address the concern.

	Samsung
	We are fine not rushing to the conclusion, since we think it depends on the conclusion of the condition to derive and verify lower MSD for different cases (Discussed in Issue 1-6). Once the group reach agreement on the condition and deem it could be made clear in RAN4 spec, reporting CBW of aggressor UL and victim DL may not be necessary.
In short, we think firstly discuss and etermine the condition to derive and verify lower MSD (in Issue 1-6)would be good, we can come back to this later. 

	Skyworks
	We do not see the reason to report CBW: the lower MSD signaling should strictly relate to the MSD test point where the UL and DL CBW are already defined.

	Qualcomm
	We think that the reporting of CBW information in all cases is not needed. It seems that the CBW information is only needed in certain cases to clarify the specific case that is being supported by the UE where a band combination may support multiple CBWs for a given MSD. More discussion is needed on whether the CBW information can be signalled just for these specific cases.

	Apple
	We would prefer Option 2 at the first place. Unfortunately, Option 2 may not bode well for MSD caused by UL harmonic, harmonic mixing, and cross-band isolation as they have been specified with either two DL CBWs or two UL CBWs and the MSD values could be quite different. If UL or DL CBW would not be indicated, it is not clear which MSD configuration is referred to. It may also cause issues in conformance tests.

	Meta
	Option 2

	ZTE
	[bookmark: OLE_LINK35][bookmark: OLE_LINK33]We think victim DL should be reported. The MSD for the victim band are derived from the REFSEN of the victim DL bandwidth, different victim DL bandwidth has different REFSEN values which will cause different MSD values , then the improved MSD may also be difference for different victim DL bandwidths for some band combination.

	OPPO
	Option 2 is ok. And UE can report the low MSD based on the worst case CBW, then it applies to all other cases.

	Xiaomi
	Option 2, for the sake of simplification of capability design

	AT&T
	Option 2.

	CHTTL
	We raised this issue is to make sure that there is no confusion on the assumed aggressor UL and victim DL. By referring to the spec, it might still be confused for at least the following cases:
1. if the spec exist some errors, and the setting is not aligned among different versions.
2. if the UE does not support the worst case MSD DL/UL config, it might be referred to another MSD test point.
3. if a new worst case MSD is introduced due to the new aggressor UL or victim DL is introduced.

	Nokia
	Given that e.g., Samsung contribution R4-2304717 raised a good point about BCS and associated supported max and min channel bandwidths, aggressor bandwidth and victim bandwidth information may be necessary. Perhaps, they misunderstand the proposal by CHTTL?
If we agree that an irregular case, e.g., a UE doesn’t support max and/or min channel bandwidth captured in a MSD table, the UE shall not be allowed to report the lower MSD, or, even if we introduce a new larger and/or smaller channel bandwidth, we don’t introduce new MSD accordingly, then, the information of aggressor and victim channel bandwidth may not be necessary.  Without such discussion, it is premature to exclude the options.



Sub-topic 1-3: MSD types and orders
Sub-topic description:
It was agreed in RAN4#106 to consider the following info as starting point for the lower MSD capability
-	Victim band
-	MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
-	MSD value/thresholds

Issue 1-3-1: MSD types 
· Proposals
· Option 1: (Skyworks)
· Only one MSD threshold is signalled per MSD types below
· Type 1 – 2DL inter-band with 1UL/1CC harmonics 
· Type 2 – 2DL inter-band with 1UL/1CC harmonics mixing
· Type 3 – 2DL inter-band with 1UL/1CC cross-band interference
· Type 5 – 2DL inter-band with 2UL/2CC IMDs
· Type 6 – 3DL inter-band with 2UL/2CC IMDs
· When there are multiple test point for an MSD type (for example IMD2 and IMD3), the signalled MSD threshold should be valid for all valid test points of an MSD type.
· The following MSD types are not in scope for low MSD signalling in R18, but with more cases and maturity of the specification may be subject to the low MSD signalling in later release.
· Type 4 – 2DL inter-band with 1UL/2CC IMD interference
· Type 7 – 2DL inter-band with 2UL/3CC triple beat
· Type 8 – 3DL inter-band with 2UL/3CC triple beat
· As new MSD types may be introduced (for example 2UL cross-band MSD for LBLB), the applicability for low MSD signalling can be discussed for the release after the new MSD type is introduced.
· The signalling design should enable up to 16 different MSD types to be future proof.
· Option 2: the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)} (HW)
· Option 3: (MTK)
· MSD due to cross band isolation
· MSD due to UL harmonic
· MSD due to receiver harmonic mixing
· MSD due to UL intermodulation
· MSD due to UL triple bit
· Aggressor order max up to 9 in existing specs
·  Option 4: (Others)

· Recommended WF
· TBA 
	Company
	Comments

	MediaTek
	Option 3 with correction: the MSD type shall also consider power class as we proposed in our contribution. But the three options are not controversial. They can be merged thru discussion during the meeting.

	Vivo
	Option 1 may serve as a starting point, since there are more detailed scenarios. However, details may also need further discussion.

	Huawei
	For futher proof, we’re ok to reserve 4 bits to report MSD types. Meanwhile, we believe different IMD orders should also be reported, e.g. from IMD2 to IMD9.  Regarding option 1, whether IMD in type 5, 6 and 4, or triple beat in type 7 and 8 should be different types need further discussion.
At least, IMDs for 2DL and 3DL BCs are unlikely to cause confusion for each other in terms of identifying the corresponding MSD test points, hence might not need separate MSD types.
Regarding option 3, we agree that MSD due to triple beat needs a separate type.

	Samsung
	Prefer Option 2
We made similar proposal in last meeting, since we only identify one band combination n5-n78 who suffers two orders (UL4/DL1, UL5/DL1) for harmonic after reviewing the whole spec, non identified for harmonic mixing/cross band isolation. So we feel it is not necessary to introduce order indication for harmonic/harmonic mixing/cross band isolation to serve signaling overhead saving purpose since usually it is sole in spec, as well as pre-known. Note that the MSD value for 4th order harmonic and 5th harmonic is basically the same.
For the third bullet of Option1, does it mean we would have lower MSD enhancement in future release for Type-4/7/8? We feel they might be better to be included in current release. And share similar view with Huawei that whether IMD in type 5, 6 and 4, or triple beat in type 7 and 8 should be different types need further discussion, we tend to no need to differentiate them since for a band combination with specific UL and DL, it is clear the MSD type is Type-5, -6 or -4 for IMD for example.
For the fourth bullet of Option1, it would be good if proponent could clarify a bit more what the difference between the regular cross band isolation and L-L cross band isolation, from signaling perspective?
For Option 3, why we need to differentiate 2CC IMD and 3CC triple beat IMD? For a band combination with specific UL and DL configuration, it is clear it suffers which kind of IMD

	Skyworks
	We believe that defining clearly the MSD types has a benefit and we are open to discuss how many are candidate for “lower MSD” we also think the lower MSD should apply to the worst case test point for a given MSD type and thus also apply for higher order cases of the same MSD type.

	Ericsson
	Option 4: limit signaling to very few cases such as lower-order harmonics for which degradations may be severe and may be frequent for specific carrier configurations if the UE is not designed with good isolation. The granularity could be very coarse (good isolation or not-so-good).

	Qualcomm
	Option 4: As per agreements made in the previous meeting any impairment type showing MSD improvement should be allowed to signal lower MSD. Similar to some other proposals we also support covering UL harmonics , harmonic mixing, intermodulation, cross band isolation similar to what is mentioned in options 2 and 3. However, we think that there is no need to specify the maximum order of coverage for IMD impairments.

	Apple
	MSD types defined in RAN4 specifications in principle should all be included as the lower MSD should be verified against the specified configurations. On the other hand, if a combination has MSD caused by different types, we need to discuss whether UE needs to report lower MSD for all types in order to be considered as with lower MSD capability for the combination, or only one MSD type is sufficient.

	Meta 
	We can define the MSD Source type or set based on option 2 and option 3.

	ZTE
	The MSD types defined in the spec should all be included. Also the lower MSD capability reporting should consider some ongoing WIDs, like 3Tx, LB-LB SI/WI, so 1UL and 2UL cross-band isolation MSD should be included.

	OPPO
	Option 2 is ok. And no strong view on the triple beat.

	Xiaomi
	Option 2, but ok to further discuss whether UL triple bit could be covered by option 2.

	AT&T
	Option 4. Minimize reporting of MSD type as much as possible to keep signalling overhead limited.

	Nokia
	If this questionnaire is about MSD types, we can go with Option 1 as basis. But handling of “order” is a different topic.
And for Option 1, type 5 and 6 can be handled as a package, given that the MSD for type 6 is signaled within 2UL/3DL band combination with victim band. We were not able to understand the last text by Skyworks proposal. Where does 16 come from? They observed at least 8 different types so that they are saying one bit increment is needed for future proof?
[Additional comments] 
For “Type 6 – 3DL inter-band with 2UL/2CC IMDs”, the type IMDs in this type 6 are the same those in type 5. The difference is that victim band in type 6 is always 3rd band whose UL is not configured with. And our assumption is that this MSD in type 6 is reported only under 2 bands UL/3 bands DL umbrella. Hence, it is automatically differentiated.
Alternative WF
· Only one MSD threshold is signalled per MSD types below
· Type 1 – 2DL inter-band with 1UL/1CC harmonics 
· Type 2 – 2DL inter-band with 1UL/1CC harmonics mixing
· Type 3 – 2DL inter-band with 1UL/1CC cross-band interference
· Type 5 – 2DL inter-band with 2UL/2CC IMDs or 3DL inter-band with 2UL/2CC IMDs
· When there are multiple test point for an MSD type (for example IMD2 and IMD3), the signalled MSD threshold should be valid for all valid test points of an MSD type.
· The following MSD types are not in scope for low MSD signalling in R18, but with more cases and maturity of the specification may be subject to the low MSD signalling in later release.
· Type 4 – 2DL inter-band with 1UL/2CC IMD interference
· Type 7 – 2DL inter-band with 2UL/3CC triple beat
· Type 8 – 3DL inter-band with 2UL/3CC triple beat
· As new MSD types may be introduced (for example 2UL cross-band MSD for LBLB), the applicability for low MSD signalling can be discussed for the release after the new MSD type is introduced.
The signalling design should enable up to 16 different MSD types to be future proof.



Issue 1-3-2: MSD orders 
· Proposals
· Option 1: (HW)
· The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)}. The UL/DL harmonic order are not indicated.
· If a band combination could suffer from harmonic interference of different orders, treat them as exceptional cases.
· Option 2: Either Alt 1 or Alt 2 (Meta)
· Alt 1: Orders aligned with MSD requirements and test points.
· 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.
· Alt2: For a given band combination the UE can declare the low MSD capability separately for each impairment (i.e. IMD2, IMD4, HD2, HD3, Rx LO H2 etc.) where the UE performs better than in the current standard.
· Option 3: Others 

· Recommended WF
· TBA 
	Company
	Comments

	MediaTek
	Option 1. It aligns our proposal.

	Huawei
	It was agreed in the last meeting that a UE should be allowed to report low-MSD for MSD types with different orders. Based on the survey of the current spec, it seems there’s no need to report the order of the UL harmonic or the order of harmonic mixing. 
Currently, there’s only one case (i.e. CA_n5-n77) that has MSD for both H4 and H5 for the same victim band (n77). We propose to treat it as a special case with some potential solutions discussed in our paper.
Since the MSD performances for different IMD orders vary significantly, we propose to report low-MSD for different IMD orders.
As commented in issue 1-3-1, 3CC triple beat can be added to the set of MSD sources in option 1.

	Samsung
	Option 1, similar comment with Issue 1-3-1

	Skyworks
	In our view the order cannot be a generic thing as depending on the MSD types the qpplicqble order is different. IMD9 is for example only valid for IMDs of a 1band contiguous ULCA UL configuration
We suggest that exact order are agreed based on MSD types

	Qualcomm
	Option 2 – Alt2. The UE should be allowed to declare low MSD separately for each impairment. As MSD order has to be reported for IMDs we think for consistency it should also be reported for UL harmonics and harmonic mixing as well. We think that MSD order need not be limited to n=9 in case the maximum order of n increases in the future.

	Apple
	We are fine with Option 1

	Meta
	As proposal proponent, we support option 2 with Alt 1 slightly. Alt 2 in option2 and option 1 is quite similar, but the 2nd bullet in option 1 is needed to clarify for common understanding. 

	ZTE
	Similar view with skyworks.

	OPPO
	Option 1 is ok to us.

	Xiaomi
	Ok with option 1

	AT&T
	Option 3. Minimize reporting of MSD order as much as possible to keep signalling overhead limited.

	Nokia
	Alt 2 or alleviate Option 1 to allow UE to indicate harmonic mixing and UL harmonic orders as well at this moment. It is important for network to know the MSD value with order in the same band combination since it impacts on handling of the resource scheduling. Like CA_n5-n77, one band combination can have two UL harmonic mixing. Even if the UE indicates aggressor and victim band, which MSD value is indicated cannot be understood by network.
We, however, are open to discuss to reduce the number of parameters depending on possible filtering query effect by network.



Sub-topic 1-4: Candidate MSD thresholds
· Proposals
· Option 1: Nokia
	Bit
	Maximum allowed actual MSD 
(i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	3 dB
	Ⅱ
	0 ＜ Actual MSD ≤ 3

	10
	6 dB
	Ⅲ
	3 ＜ Actual MSD ≤ 6

	11
	15 dB
	IV
	6 ＜ Actual MSD ≤ 15



· Option 2: Samsung, 
	Bit
	Maximum allowed actual MSD
 (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	5 dB
	Ⅱ
	Actual MSD ≤ 5

	10
	10 dB
	Ⅲ
	Actual MSD ≤ 10

	11
	15 dB
	IV
	Actual MSD ≤ 15



· Option 3: Skyworks
· MSD is less than 1dB
· MSD is >1dB and less than 5dB
· MSD is >5dB and less than 10dB
· MSD is >10dB and less than 20dB.
· Option 4: Meta
	Bit map
	   MSD range
(i.e. Thresholds)
	Note

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

	001
	3 dB
	0 ≤ Actual MSD ≤ 3

	010
	6 dB
	3 < Actual MSD ≤ 6

	011
	9 dB
	6 < Actual MSD ≤ 9

	100
	12 dB
	9 < Actual MSD ≤ 12

	101
	15 dB
	12 < Actual MSD ≤ 15

	110
	18 dB
	15 < Actual MSD ≤ 18

	111
	> 18 dB
	Actual MSD > 18


· Option 5: HW
The target reporting range for low MSD is around 0~ 20dB. And the number of bits for representing MSD thresholds are no more than 3 bits.
· Option 6: MTK
For simplification on RAN4 work, UE can report improved MSD in granularity of 1dB. Let network decide its behaviour on how to schedule UEs.
· Option 7: QC
	
	Actual MSD range (dB)

	1
	0 ≤ Actual MSD ≤ 3

	2
	3 ＜ Actual MSD ≤ 6

	3
	6 ＜ Actual MSD ≤ 9

	4
	9 ＜ Actual MSD ≤ 12

	5
	12 ＜ Actual MSD ≤ 15

	6
	15 ＜ Actual MSD ≤ 18

	7
	18 ＜ Actual MSD ≤ 21

	8
	21 ＜ Actual MSD ≤ 24

	9
	24 ＜ Actual MSD ≤ 27


· Option 8: LGE
· Proposal 2: Consider the ratio of exceptional case to determine the lower MSD threshold.
· Ratio of exceptional case = number of exceptional case for lower MSD threshold/total number of combination
· e.g. assuming the 15 dB threshold for harmonic PC3 MSD, the number of exceptional case is 17 and ratio of exceptional case is 19.76 (17/86) %.
· Proposal 3: Consider the two(multi) granularity by distinguishing between MSD range with a relatively large number of band combinations and other ranges like table below.
	Bit
	Threshold

	000
	Actual MSD = 0

	001
	0<Actual MSD ≤3

	010
	3<Actual MSD ≤6

	011
	6<Actual MSD ≤ [9]

	100
	[9]<Actual MSD ≤ [15]

	101
	[15]<Actual MSD ≤ [21]

	110
	[21]<Actual MSD ≤ [27]

	111
	[27]<Actual MSD ≤ [33]


· Option 9: vivo
· 0≤ MSD＜3 dB
· 3≤ MSD＜6 dB
· 6≤ MSD＜12dB
· 12≤ MSD＜[20]dB
· Option 10: Xiaomi
20dB could be as max threshold. Adapt only 2 bits for reporting MSD value.
· Option 11: ZTE
Small granularity and more higher upper limit thresholds should be considered for multiple thresholds.

· Recommended WF
· To discuss lower bound, upper bound of MSD range and granularity in 1st round
· Bits number left to RAN2 signalling design
	Company
	Comments

	MediaTek
	Option 6. It would be difficult to only specify one MSD values set to fit all MSD types and large values range. We prefer a simple approach and let network decide its behaviour on how to schedule Ues

	vivo
	We tend to start with a more general guideline, such as in option 5 or option 10. Option 10 can be used as a starting point.

	Huawei
	Since MSD improvement is expected, there’s no need to report very large MSD values, such as 25 or 30dB, which will unlikely be useful for the network scheduler. Meanwhile, reasonable accuracy is needed for the reported MSD, so that the network can utilize the information with advanced algorithms as discussed in our paper.
Overall, it seems a good tradeoff to use 3 bits for around 20dB reporting range. After all, MSD type alone will probably need 4 bits as per the discussion in issue 1-3-1.

	Samsung
	We see too many options on the table, we are fine with moderator’s suggestion to discuss lower bound, upper bond and granularity in 1st round. 
In our view, around 0dB as lower bound and around 20dB as upper bound are fine, probably we can go with 3-bit solution for threshold granularity for sake of one set of MSD threshold (just one MSD table) applicable for different kinds of MSD and power classes.

	Skyworks
	Support to have MSD classes covering the ~0 to 20dB range, no more than 8 classes, 0dB is no preferred and we believe that a non linear step is preferable as there is little value in improving a 20dB MSD by 1dB

	Ericsson
	Is the “actual MSD” reported by the UE compared to the minimum requirement of the test case in the specification? Under which conditions? Is the actual MSD reported for all sorts of carrier configurations supported by the UE? This appears a huge burden for the UE to a very limited avail. Are these “actual MSD” even within the production tolerance for example? 
Signaling the MSD with granularity discussed does not appear useful, and the network cannot check RAN4 tables to interpret an “improved MSD” w r t a conducted minimum requirement that applies under very specific conditions and configurations.


	Qualcomm
	Option 7. We think that the higher upper MSD threshold in this table would help to serve all PCs and the 3 dB MSD step is proposed as a compromise based on other proposals which have steps ranging from 1 dB to 5 dB.

	Apple
	We’d like to understand how network would differentiate UE with let’s say 20dB and 18dB MSD from scheduling perspective. This will facilitate the decision on the MSD granularity. As storing lower MSD values for hundreds of band combinations could occupy substantial UE memory, it is better to have a clear guidance on how low the MSD would likely be considered for scheduling. Otherwise, it could become a waste of memory and signaling if marginal MSD improvement would still not be considered by the network. We think inputs from network side is very crucial. 

	Meta
	We can option 1, option 4, option 7 and option 9 as compromise. Additionally, small MSD capability also need for the high order IMD/Harmonic problem. And support SKW comments. RAN4 need to decide tha maximum allowed MSD value firstly.

	ZTE
	As proponent, option 11.  We can live with option 6.

	OPPO
	The upper bound may depends on how NW would differentiate UE configurations in the field, and we don’t see the value of reporting too large MSD or reporting too small steps. Therefore, upper bound below 20dB is ok to us with 3dB~5dB step.

	Xiaomi
	Option 9 and 10. Which are aligned with our proposal in the last meeting, we think it is not necessary to set the same step size, for the MSD already is low, the step size could be small, for the high MSD requirement, the step size could be high. In addition, we think there are not enough evidences to prove that more precise lower MSD value have more benefit for network scheduling, so we think 2 bits is enough.

	AT&T
	Option 1 represents a nice compromise to keep the number of bits limited but also allowing for the thresholds to represent sufficient improvement from the next highest level. Maybe we can put the actual values in brackets for now. We also think that a maximum value of 15dB should be used as we are not sure if using 20dB as the initial threshold for MSD “improvement” is useful since the 20dB level was used as a justification for the need for lower MSD.

	Nokia
	We agree with the recommended WF. If RAN2 considers e.g., three bits are reasonable, future RAN4 discussion can be easier. 

	LGE
	We agree with recommended WF. 
Lower bound: We are ok with 0 dB lower bound.
Upper bound: We need to consider a higher MSD threshold. We believe that the 20 dB upper limit for the MSD threshold is low. The 20 dB upper limit is not enough to cover all kinds of MSD types an power classes. We can further discuss the lower MSD threshold around [25-27] dB.
Granularity: We have similar view with skyworks, we also prefer a non linear step.



Sub-topic 1-5: Applicability of lower MSD thresholds for different MSD type/power class
· Proposals
· Option 1: One set of MSD threshold could be applicable to different MSD mechanism and different orders within this mechanism, as well as different power classes (Samsung, HW, [QC], ZTE, Meta)
· Option 2: (Skyworks)
· The same threshold definition applies to all valid MSD types. 
· A different threshold value may be signalled per valid MSD types and should be valid for all MSD test points of this MSD type
· A different threshold value may be signalled per band and/or band combination power class
· Option 3: It can be further discussed whether single threshold values set applies for each MSD mechanism or each MSD mechanism has individual threshold values set for all band combos is applicable for the agreement (MTK)
· Option 4: Others

· Recommended WF
· TBA
	Company
	Comments

	MediaTek
	Option 3. Considering different MSD mechanisms and large variation on MSD values, multiple values set may need to be considered. A simple way is not to set threshold values as we proposed, UE can just report improved MSD in granularity of 1dB

	vivo
	Option 1. 
Though having drawbacks, such as the analysis that the actual distribution is quite different for different types. However, unified thresholds can be quite beneficial for simplification.

	Huawei
	We have a question for option 2. It says the same threshold value should be valid for all MSD test points of the same MSD type. However, MSD for IMD2 is typically much larger than that for IMD4/5. It seems infeasible to only report one threshold value for different IMD orders.

	Samsung
	Support Option 1, which means in total there is only one MSD threshold table (one set of MSD threshold) including several thresholds, and we do not need to further hresholdate which threshold(s) within the table is applicable for which kind of MSD or which power class. The table is applicable for all kinds of MSD and power class.


	Skyworks
	Our proposal is one set of MSD classes for all MSD types, but make the further restriction that one MSD class for a given MSD type should apply to all MSD test points of an MSD type. For example if less than 10dB is signaled for IMD MSD type it should be valid for all IMD order which have a defined MSD. 

	Qualcomm
	Option 1. Using 1 set MSD hreshold would simplify the implementation. Also, it may be very difficult to agree on common sets of MSD thresholds for the various impairments. Furthermore, the adoption of multiple threshold sets would make this implementation overly complicated.

	Apple
	As the dynamic range of different MSD types could be different, threshold scaled with specified MSD may be considered. For example, if IMD4/IMD5 would never exceed 10 dB, it probably would not be useful to reserve the > 10dB MSD range for them. Again, inputs from network side are crucial on the decision for MSD range and granularity.  

	Meta
	Option 1 and Option 2 are fine to us

	ZTE
	Option 1. It would be complexity for the signnaling if different thresholds are defined for each MSD types and aggressor power class

	OPPO
	We prefer one set of thresholds for all MSD types to simplify the implementation. Option 1 is ok.

	Xiaomi
	Option 1

	AT&T
	Option 1.

	Spreadtrum
	Option1

	Nokia
	Option 1 is our preference. One single set of thresholds makes handling of lower MSD capability easier. One compromise would be finer granularity of thresholds, i.e., increase from two to three bits, while having a set of thresholds applicable to any lower MSD type/order/PC.

	LGE
	We are OK with option 1, but we need to carefully set the MSD threshold for all kinds of MSD types and power classes.



Sub-topic 1-6: Conformance test
Sub-topic description:
It was agreed in RAN4#106 on the following aspects on test configurations for lower MSD
· For all impairments the same UL/DL configurations and test points as for the minimum requirements
· If the same impairment order (e.g. IMD5, H3 etc.) has multiple test configurations, the one having largest MSD is chosen to be tested
· For cross-band isolation this applies per band combination
However, it is identified later that UE may not support the CBW specified for the test points towards the worst case configurations as discussed in R4-2304717 (Samsung). 

[bookmark: _Hlk132318834]Issue 1-6-1: How to deal with the case UE does not support any of the specified configurations for exisiting specified MSD for conformance test
· Proposals
· Option 1: (Samsung)
Send LS to RAN5 with clarification that for one band combination, in case UE does not support any of the specified configuration, the worst case configuration the UE supported itself for this band combination should be chosen as test configuration and conform to the largest MSD specified (cross band isolation could be an example). 
· Option 2: Others
· Recommended WF
· TBA
	Company
	Comments

	vivo
	Option 1 can be a WF if no other solutions can be find.

	Huawei
	This is a generic issue that is not caused by low-MSD capability. However, the solution could affect the test of low-MSD capability, which is also discussed in issue 1-6-2. We can agree to send an LS to RAN5 once consensus is reached in RAN4.

	Samsung
	Option 1
This is raised for the existing specified MSD. We think it would be good to firstly align the understanding of the test configuration for existing specified MSD between RAN4 and RAN5. Three cases are summarized below.
1) UE supports the specified worst case configuration which corresponds to the largest MSD, this worst configuration is selected for conformance test 
2) UE does not support the specified worst case configuration, but support the second test configuration (if introduced )which is an optionally defined one to address operator’s demand,  the second configuration is selected for conformance test 
3) UE does not support any of the specified configuration, the worst case configuration the UE supported itself for this band combination should be chosen as test configuration and conform to the largest MSD specified
It might be good above could be clarified for RAN5, which is motivated by the observation that from Rel-17 more and more wider channel bandwidth are introduced for the band within a band combination, as well as BCS 4/5, in some cases, the test configuration for conformance test might be unclear. Cross band isolation for n1-n38 could be an example.

	Skyworks
	This issue already exists and in fact the only critical case is for cross band MSD where it is allowed to have two MSD test points. Clarification to RAN5 on how to deal with these case in general is valuable

	Qualcomm
	An LS can be sent to RAN5 once issue 1-6-2 is agreed.

	Apple
	We agree with Huawei that this is a generic issue, not specific for low-MSD capability. Our understanding on the configuration not supported by UE is mainly on the bandwidth combinations. The conformance tests usually are pre-configured based on specifications. It is not clear whether a UE self-declared bandwidth combination can be used for a specified MSD test configuration. We are fine to send an LS to RAN5 for clarifications. 

	Meta
	We support Option 1 as information in RAN5

	OPPO
	Ok with Option 1 for testing purpose. For the signaling reporting in this case, one question is that since the MSD reported is based on some UL and DL configurations, when UE says it has improved the MSD and real MSD is xx dB, then does NW will check the specified UL and DL configurations in the spec?

	Xiaomi
	Agree with Huawei that this is not a special issue for this lower MSD objective, instead this is a common issue which could be also existed when defining the traditional MSD requirements.

	AT&T
	We think that it is too early to consider an LS to RAN5 on this topic. We need to confirm Issue 1-6-2 and the final set of thresholds/signalling aspects in order to have a detailed discussion around test impacts.

	CHTTL
	We think Samsung raised a good point which is related to our proposal in subtopic 1-2.
In general, we think the two test points must cover both legacy BCS and new BCS (with larger channel BW), at least the 1) and 2) proposed by Samsung are reasonable to us, but for 3), if the UE does not support any of the specified configuration, we are wonder whether it is clear enough for the UE to test the MSD without the test point written in the spec, for example, the UL RB start configuration also need to be decided. And there might be a risk that the referred MSD might be underestimated or overestimated for the undefined test point?

	
	

	Nokia
	This needs more discussion in the future meetings, we guess. At least we don’t have come up with a good resolution now.
This discussion is related to whether aggressor channel bandwidth and/or victim channel bandwidth should be considered as one of the parameters pertinent to MSD value as well.
If these parameters are also indicated with MSD value, network can know what the value means. 
The issue itself of course, cannot be solved by the two parameters introduction alone since we don’t have a specific MSD value in the spec for every single possible pair of aggressor / victim channel bandwidth.
In case requirements become more stringent, e.g., for MSD cross band isolation, if smaller victim and/or larger aggressor channel bandwidth is used, then, as far as MSD becomes lower than specified one, it may not be a problem keep using already specified one, though the bar that a UE can indicate lower MSD for that MSD becomes higher.
On the other hand, if larger victim and/or smaller aggressor channel bandwidth is used, then, there is no reference value anymore since specified one is not valid, hence, the reported value is not valid unless the value is zero.
More specifically, if a specified MSD is 5 dB with 50 MHz aggressor and 5 MHz victim channel bandwidth, while if a UE supports 30 MHz aggressor and 5 MHz victim channel bandwidth, meeting 5 dB becomes easier. Even if the UE indicates 3 dB MSD value (if that threshold is introduced), this may not indicate the UE improved MSD…, though it is not harmful. But if the MSD indication of zero would be super clear and useful anyway. 
Overall, perhaps, a mistake that RAN4 made is RAN4 developed requirements based on optional channel bandwidths by focusing on seeing the worst case. We think that each MSD requirement should be developed at least by channel bandwidth combinations (aggressor / victim) which are mandatory support in each band. On top of that, MSD for worst case with max/min channel bandwidth including optional support channel bandwidth should be added to if necessary. Then, this kind of problem can be avoided….




Issue 1-6-2: Conformance test for lower MSD
· Option 1: For cross band isolation, in terms of lower MSD capability (Samsung)
· If UE supports the specified worst case configuration which corresponds to the largest MSD, it should be chosen to verify lower MSD capability
· If UE does not support the specified worst case configuration，FFS on the test configuration for lower MSD
· Alt 1: The worst case configuration the UE supports itself is chosen as test configuration (→ But may lead to new test point against the exiting specified test point for conformance test)
· Alt 2: Others

· Option 2: (Skyworks)
· A UE signalling the optional lower MSD capability should not have more or different conformance test points than a legacy UE without lower MSD capability, only the test limits should be impacted
· When a UE signals a lower MSD threshold for a given MSD type, the currently applicable inter-band worst case MSD tests are performed, and the limit is modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2…), the test is also performed with the limit modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If the UE fails the test, the conformance test will have to be passed again either:
· With the UE now passing the test with the same threshold after HW/SW modifications
· With the UE passing the test with the higher threshold signalled
· With the UE passing the normal test without the lower MSD capability
· It should be noted that there are worst case MSD test points cases in 38.101-1 or 38.101-3 that some UE cannot pass as:
· They do not support the lowest channel UL CBW (very rare) for all 1UL and 2UL IMD test
· They do not support the largest channel UL CBW for the 1UL cross-band MSD case:
· In many cases, there is a second cross-band MSD test point that uses a lower UL CBW that a majority of UEs would support; in this case, this test point is used with the signalled threshold value as the limit
· In the rare case where a UE would not support the UL CBW of all the cross-band MSD test points, the UE is tested with the largest CBW it supports and uses the signalled threshold value as the limit
· The worst-case MSD test point is not valid for the support frequency range in a given region
· For this case, there is usually a second MSD test point that can be measured in any applicable region; in this case, this test point is used with the signalled threshold value as the limit.
· Option 3: No new test configurations (points) be set for lower MSD compared to current MSD requirements (vivo)
· Option 4: Others

· Recommended WF
· TBA
	Company
	Comments

	MediaTek
	Option 2 & 3.

	vivo
	We are not against the legacy issue as in Option 1 and some of option 2. The option 3 here is try to clarify that the lower MSD itself may not need new test configurations (points).  We may also consider the problems and it may not be that important to clarify what work it belongs to.

	Huawei
	The three options are not mutually exclusive. Option 2 seems to be most comprehensive and can be the starting point for merging or refinement. As pointed out in previous discussions, we find it hard to agree with the following statement in option 2, though:
“If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2...), the test is also performed with the limit modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.”
Different MSD values (using the same threshold table) should be allowed to report for IMD2 and IMD3, or other IMD orders.

	Samsung
	We further refine and summarize Option 1 as below. Please note that below are proposed based on our understanding of Issue 1-6-1 as well as previous agreement UE would only be tested once if indicates lower MSD capability (i.e. if UE can pass lower MSD test, no need to verify the regular MSD again; if UE cannot pass lower MSD capability, the value tested out should conform to the specified minimum MSD at least; otherwise it fails the conformance test for minimum requirement).

1) UE supports the specified worst case configuration which corresponds to the largest MSD, this configuration is selected as test configuration for verifying both existing specified MSD and lower MSD capability → No additional test point needed for lower MSD compared with existing specified MSD
2) UE does not support the specified worst case configuration, but support the second test configuration (if introduced )which is an optionally defined one to address operator’s demand,  the second configuration is selected as test configuration for verifying both existing specified MSD and lower MSD capability → No additional test point needed for lower MSD compared with existing specified MSD
3) UE does not support any of the specified configuration, the worst case configuration the UE supported itself for this band combination should be chosen as test configuration for verifying both existing specified MSD and lower MSD capability → No additional test point needed for lower MSD compared with existing specified MSD

Invite companies to check again whether above refined one is aligned with Option 2 and Option 3


	Skyworks
	We are open to discuss refinements based on options listed. We think it is important that we have a comprehensive agreement on this to be able to help RAN5 in the definition of the tests

	Qualcomm
	We think that either option 1 or option 4 can be a starting point. We too would like clarification on what is meant in option 4 “If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2...) ? We should avoid introducing new scenarios that are not currently covered in the spec. 

	Apple
	We are fine to use Option 2 as baseline. The lower MSD should be verified against the specified MSD test configurations with MSD limit modified based on UE’s capability.

	Meta
	Generally, we are fine with option 1 and option 2 for the general principle for the conformance test. But, it is quite premature to discuss the details. It can be updated in 2nd round. 

	OPPO
	Option 3 is ok in general to limit the test complexity, and FFS on the case that it doesn’t support the worst configuration in the spec, but the Option 1 in Issue 1-6-1 is ok in our view.
And once UE cannot meet the signaled MSD requirement, then low MSD feature is failed for this band combination and MSD type. UE anyway has to pass the MSD specified in the spec as minimum requirement to before certified to the market.

	Xiaomi
	We think option 2 could be as baseline.

	AT&T
	We support Option 2 as a baseline and this follows previous RAN4 agreements concerning the necessity to verify that a UE that claims lower MSD meets the threshold claimed.

	CHTTL
	We also share the similar concern as Huawei on the following statement:
“If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2...), the test is also performed with the limit modified to the signalled threshold value instead of the MSD value in 38.101-1 or 38.101-3.”
Since the order is going to be reported, for the other order (or even the same order ex: cross-band isolation) of the test point that is not included in the lower MSD report, maybe the original MSD specified in the spec still applies if it is decided to be tested?
Regarding this part in option 2:
· In the rare case where a UE would not support the UL CBW of all the cross-band MSD test points, the UE is tested with the largest CBW it supports and uses the signalled threshold value as the limit
Would like to clarify does it mean that if the UE does not support any of the MSD test points, the UE is mandatory to report the capability? And wondering the meaning of the lower MSD capability might be deviated if there is no minimum MSD requirement assumed.

	
	



Sub-topic 1-7: Other approaches for lower MSD capability reporting
· Proposals
· Option 1: Report the ratio of MSD reduction to Tx power reduction (HW, [Meta])
· Option 2: Report MSD = 0 dB region report (Nokia)
· Option 3: single-bit low-MSD indicator for a UE that all MSD types for this BC have been improved to above a threshold (HW, vivo)
· Option 3a: 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 3b: Single bit indication of small MSD capability (MSD <= [3]dB) can be reported to apply the improved MSD level by the high order IMD/harmonic problems (Meta)
· Option 4: Others

· Recommended WF
· TBA
	Company
	Comments

	vivo
	Since some of these options are not mutually exclusive, here are some of the views for the options:
Option1: Not support. We think it is too complicated and not needed.
Option 2: Not support. This can be complicated and may need new test configurations to verify.
Option 3: Support. May reduce the system complication. Details can be discussed further.

	Huawei
	Option 2 is fundamentally different from other proposals, since it focuses on frequency regions that are not affected by MSD, while others target the area suffering from MSD. As a result, the signaling design would be quite different, too.
For option 3a or 3b, it seems more than 1 bit would be needed per BC, while option 3 is the true single-bit indicator, which can be easily added to the exiting BandCombination IE as a new parameter that uses only 1 bit per BC.

	Samsung
	Can live with Option3, could CHTTL further clarify the difference between Option 3a and Option3?
For Option1, we feel it is difficult for UE to predict/quantify the MSD reduction to Tx power reduction, especially for IMD.

	Skyworks
	We do not support any option that is trying to define a low MSD behavior that does not correspond to the already agreed MSD test points. So no 0dB region (or otherwise we should define 0dB regions instead of MSD test points in 38.101-1), no MSD reduction vs power (in any case it is not a linear function like XdB per dB). We are open to discus a “basket” low MSD indication saying that all MSD related to a given UL configuration is below a certain value.

	Ericsson
	Option 4: limit signaling to very few cases such as lower-order harmonics for which degradations may be severe and may be frequent for specific carrier configurations if the UE is not designed with good isolation. The granularity could be very coarse (good isolation or not-so-good).
The actual degradation by HD and IMD depend on the wanted signal level and MCS, HD and IMD location in a channel and DL physical channels affected. Moreover, there is also other (external) interference present at the UE RX inputs.

	Qualcomm
	Option 4: We think that these are issues that can be further discussed once the main signaling scheme has been resolved.

	Apple
	Are these approaches complement to the approach(es) discussed above, or a replacement of the above approaches to minimize the signaling complexity?

	Meta
	We support option 3 for the high order IMD/Harmonic problems. Also, the option 1 can be operated for the different UE power class.

	ZTE
	Option 4. It seems this issue depends on the outcomes of the previous issues.

	OPPO
	For Option 1 the MSD reduction and Tx power ration, intention is good, but in real field might be difficult to be applied since the UE Tx power is changing and MSD is defined based on max power.
For Option 2 MSD=0 region, not quite clear how this will be reported, e.g. report the start and end RB? And not clear the difference from a small MSD from NW scheduling perspective.
For Option 3 single bit indicator, it can reduce the complexity of UE reporting especially UEs passing the certification will always do better than the MSD requirement. FFS on the threshold for this single bit indicator since if the threshold is low then all Ues will report this indicator and lost its meaning, but if it is high then no much UE can do that because of MSD in reality is quite different for different band combinations.

	Xiaomi
	Agree with Qualcomm

	AT&T
	Option 4. We can further discuss after receiving feedback from RAN2.

	CHTTL
	Many thanks moderator for adding 3a for us. Since the main signaling scheme might need to be discussed first, actually we didn’t expect we will have time to discuss this in this meeting.
We think the original intention for 3a is to minimize the signaling size/complexity. (And it seems that 3 and 3a are the same intention and proposal.) And Option 1/2 are the new approaches.
If my understanding is correct, the difference between 3 and 3a is that in 3a is still under the per victim band per MSD type per BC, and it is proposed for the higher order IMD/harmonic only that only one threshold is needed. Option 3 is to simplify to one bit per BC if all of the MSD types are improved.

	Nokia
	Option 2: It is easier to utilize this information.
For Option 3 and its variants, it depends on whether signaling overhead reduction is possible and how much. If expected singling overhead reduction is marginal, they may be worth consideration. We however, don’t think we need to limit the number of bit to one for other than Option 3a. 3a is more reasonable since this is a join so that if, e.g., one of the MSD types per band combination cannot indicate e.g., 3 dB > MSD, but the others within the same band combination can do that, this helps.  

	MediaTek
	Option 4. Share same view with Qualcomm



Sub-topic 1-8: LS to RAN2
Sub-topic description:
WI on further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1) was approved in RAN#95e, in which there is an objective with study phase for feasibility of lower MSD capability for inter-band CA/EN-DC/DC combinations. In RAN4#106 meeting, it was concluded that: 
· 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 have been discussed, with which companies think it is feasible to introduce the lower MSD capability.
· Details of the lower MSD capability will be further discussed in the UE RF FR1 WI.
Consequently, the WI objective for lower MSD was revised in RAN#99, and RAN2 was added as one responsible WG for the objective. 
· Proposals
· Option 1: draft LS in R4-2305564. (HW)
· Option 2: Others
	Draft LS in option 1
To facilitate the initial discussion of the ignalling design for lower MSD capability, the following agreements reached so far are provided, which are essential information considered by RAN4 for the capability: 
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD value/thresholds
· [Power class]
· [Aggressor UL and victim DL bandwidth]

Upon the essential information, some other agreements reached in RAN4 could also be referred for the signalling design: 
· A UE should be allowed to report the low MSD capability for any MSD mechanism and order that have been defined in the 3GPP specifications for a given band combination.
· No dynamic ignalling scheme will be introduced for lower MSD report in Rel-18
· It is suggested to define exact absolute multiple thresholds for lower MSD
· Identical Lower MSD thresholds can be applicable to all the band combinations
· Identical Lower MSD thresholds are applicable for each MSD mechanism
· Lower MSD capability for higher order combination is inherited from lower order fallback combinations
· 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.

Meanwhile, RAN4 is still working on the details for approaches for a UE to indicate the improved lower MSD performance based on the progress of the study phase. If any update, RAN4 will keep RAN2 informed.



· Recommended WF
· TBA
	Company
	Comments

	MediaTek
	LS would depends on outcome of previous discussions sub-topic 1-1 ~ 1-7

	vivo
	Support to have such a LS. The details can be depend on meeting progress.

	Huawei
	In order to complete the low-MSD feature in R18, we need to trigger the work in RAN2 ASAP.

	Samsung
	Support to send LS to trigger early discussion of RAN2

	Skyworks
	We support to send an LS we we need more consensus on the MSD types, order, threholds…

	Qualcomm
	We are ok with sending an LS to RAN2. In order for it to present the latest information this LS should be updated with the outcome from this meeting.

	Apple
	For the intended LS to RAN2, please clarify what action(s) RAN4 would like RAN2 to take. If it is asking RAN2 to go ahead to do the signaling design, then RAN4 needs to reach agreements in the above issue topics first. 

	Meta
	We are fine to send LS to RAN2. But RAN4 can wait to the additional agreements for the MSD threshold bit map and maximum allowed MSD values. Also CBW is not necessary to report to gNB. 

	ZTE
	Similar view with Apple. What should RAN2 do if the LS is sent?

	OPPO
	For the last main bullet, the relation between lower order and higher order band combinations assume that at most 2bands will transmit concurrently. In the future if 3bands can transmit concurrently then this conclusion will not be proper. Therefore, suggest to add one precondition saying “Currently UE at most have 2bands transmit concurrently, then under this condition, lower MSD capability for higher order combination is inherited from lower order fallback combinations”

	Xiaomi
	Ok to have such a LS. The details depend on meeting progress.

	AT&T
	We think that RAN4 needs to send an LS to RAN2 at this meeting in order to trigger the discussion in RAN2 and to solicit RAN2 input on signalling design in order to minimize UE capability overhead. The existing draft may not allow RAN2 as much flexibility to consider minimizing UE capability overhead.

	Nokia
	We agree with sending an LS to RAN2, but probably next meeting, since with sharing the current information that RAN4 has, RAN2 would not be able to proceed with the discussion. And it is likely that RAN2 in any case, cannot have a good progress in May given that an interval between April and May is so short.
RAN2 needs how MSD requirements are structures with associated parameters (preferably with an illustration) and which are under discussion, which are stable if we send an LS.



Companies views’ collection for 1st round
Open issues 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	
	Company A

	
	Company B

	
	



Summary for 1st round
Open issues
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Sub-topic 1-1: Conditions to indicate the lower MSD capability
Tentative agreements:

Candidate options:
· Option 1: Remove the sub-bullet in the agreement of last meeting (Samsung, QC, Meta)
· UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
· The amount of MSD improvement necessary for indication needs further study
· Option 2: The threshold signalled should be at least 3dB better than the corresponding MSD value in RAN4 specifications (Skyworks)
· Option 3: RAN4 should further discuss relation between specified MSD and MSD class and how to utilize MSD classes to make the capability meaningful as much as possible (Nokia, Samsung, ZTE)
· Observation 1: If specified MSD is within one of MSD classes (a class = between two thresholds), should be UE allowed to report the MSD class? Or should we set a rule that UE should improve MSD until actual MSD value goes into a lower MSD class lower than the MSD class where the specified MSD belongs to?
· Option 4: For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case (HW, vivo, Samsung, Skyworks, Xiaomi, AT&T, [Nokia])
· Option 5: A given band combination can indicate lower MSD capability for any impairment and any level of MSD improvement over what is in the current specification. (QC)
· Option 6: An adaptive signaling that network can require UE only report top K largest MSD values via UE’s improved capability per victim band per BC as 2-tuple of < MSD mechanism / Aggressor power class and its order, MSD value > (MTK)
· Option 7: Others
In total 14 companies provided comments in 1st round. Most companies prefer option 3 (3 companies) and option 4 (7 companies).  In moderator’s view, option 3 and option 4 are not mutually exclusive. As commented by proponent of option 3, an alternative would be a kind of combination of Option 2 and 4. 
Recommendations for 2nd round:
Further check in 2nd round if the following WF based on option 2 and option 4 can be considered as baseline:
· For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case
· If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD

Sub-topic 1-2: Essential information included in the lower MSD capability
Agreements in GTW:
Issue 1-2-1: Whether power class should be reported together with MSD values
· UE is allowed to report lower MSDs for different power classes
· FFS on how UE reports to reduce the signalling overhead

Candidate options:
Issue 1-2-2: Whether CBW of aggressor UL and victim DL should be reported for lower MSD capability
· Option 1: Yes (CHTTL, ZTE)
· Option 2: No (Samsung, Xiaomi, HW, vivo, Meta, Skyworks, QC, Apple, OPPO, AT&T)
· Option 3: Discuss together with conformance test (Samsung, Nokia)	

Recommendations for 2nd round:
Discuss later after the conformance test issue is clear. No further discussion in 2nd round. 

Sub-topic 1-3: MSD types and orders
Tentative agreements:
Candidate options:
Issue 1-3-1: MSD types 
· Proposals
· Option 1: (Skyworks, vivo, Nokia)
· Only one MSD threshold is signalled per MSD types below
· Type 1 – 2DL inter-band with 1UL/1CC harmonics 
· Type 2 – 2DL inter-band with 1UL/1CC harmonics mixing
· Type 3 – 2DL inter-band with 1UL/1CC cross-band interference
· Type 5 – 2DL inter-band with 2UL/2CC IMDs
· Type 6 – 3DL inter-band with 2UL/2CC IMDs
· When there are multiple test point for an MSD type (for example IMD2 and IMD3), the signalled MSD threshold should be valid for all valid test points of an MSD type.
· The following MSD types are not in scope for low MSD signalling in R18, but with more cases and maturity of the specification may be subject to the low MSD signalling in later release.
· Type 4 – 2DL inter-band with 1UL/2CC IMD interference
· Type 7 – 2DL inter-band with 2UL/3CC triple beat
· Type 8 – 3DL inter-band with 2UL/3CC triple beat
· As new MSD types may be introduced (for example 2UL cross-band MSD for LBLB), the applicability for low MSD signalling can be discussed for the release after the new MSD type is introduced.
· The signalling design should enable up to 16 different MSD types to be future proof.
· Option 2: the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)} (HW, Samsung, Meta, OPPO)
· Option 3: (MTK, Meta)
· MSD due to cross band isolation
· MSD due to UL harmonic
· MSD due to receiver harmonic mixing
· MSD due to UL intermodulation
· MSD due to UL triple bit
· Aggressor order max up to 9 in existing specs
·  Option 4: Others (Ericsson, AT&T)

Issue 1-3-2: MSD orders 
· Proposals
· Option 1: (HW, MTK, Samsung, Apple, OPPO, Xiaomi, [Nokia])
· The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)}. The UL/DL harmonic order are not indicated.
· If a band combination could suffer from harmonic interference of different orders, treat them as exceptional cases.
· Option 2: 
· Alt 1: Orders aligned with MSD requirements and test points (Meta)
· 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.
· Alt2: For a given band combination the UE can declare the low MSD capability separately for each impairment (i.e. IMD2, IMD4, HD2, HD3, Rx LO H2 etc.) where the UE performs better than in the current standard. (QC, Nokia)
· Option 3: exact orders are agreed based on MSD types (Skyworks, ZTE)
· Option 4: Minimize reporting of MSD order as much as possible (AT&T)

Recommendations for 2nd round:
Issue 1-3-1: MSD types 
No majority view. Option 2 slightly get more support by companies. In moderator’s view, option 2 and option 3 are similar. The main point is whether triple beat is categorized to IMD 	MSD type or listed as a separate type.  
The recommend WF for 2nd round:
· Further discuss in 2nd round how to treat triple beat MSD
· Discuss whether to consider MSD types for future proof

Issue 1-3-2: MSD orders 
More companies support option 1. Check in 2nd round whether option 1 below can be considered as baseline for further discussion. 
· The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)}. The UL/DL harmonic order are not indicated.
· If a band combination could suffer from harmonic interference of different orders, treat them as exceptional cases.

Sub-topic 1-4: Candidate MSD thresholds
Tentative agreements:
Candidate options:
· Option 1: 0~15dB (Nokia, Meta, AT&T)
· Option 2: 0~20dB (HW, Samsung, Skyworks, Meta, vivo, OPPO, Xiaomi)
· Option 3: 0~[25/27]dB (LGE, QC)
· Option 4: improved MSD in granularity of 1dB (MTK, ZTE)

Recommendations for 2nd round:
More companies support option 1 and/or option 2. 
Recommended WF for 2nd round:
· Discuss the candidate thresholds based on option 1 and option 2 with granularity options as below in 2nd round:
· Option 1a): 0~15dB with non-equal granularity 
	Bit
	Maximum allowed actual MSD
(i.e. Thresholds)
	Lower MSD
Capability classes
	Note
(dB)

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	3 dB
	Ⅱ
	0 ＜ Actual MSD ≤ 3

	10
	6 dB
	Ⅲ
	3 ＜ Actual MSD ≤ 6

	11
	15 dB
	IV
	6 ＜ Actual MSD ≤ 15



· Option 2a): 0~20dB with equal granularity
	Bit
	Maximum allowed actual MSD
(i.e. Thresholds)
	Lower MSD
Capability classes
	Note
(dB)

	000
	0dB
	Ⅰ
	Actual MSD = 0

	001
	3 dB
	Ⅱ
	Actual MSD ≤ 3

	010
	6 dB
	Ⅲ
	Actual MSD ≤ 6

	011
	9 dB
	IV
	Actual MSD ≤ 9

	100
	12 dB
	V
	Actual MSD ≤ 12

	101
	15 dB
	VI
	Actual MSD ≤ 15

	110
	18 dB
	VII
	Actual MSD ≤ 18

	111
	21 dB
	VIII
	Actual MSD ≤ 21



Sub-topic 1-5: Applicability of lower MSD thresholds for different MSD type
Tentative agreements:
Candidate options:
· Option 1: One set of MSD threshold could be applicable to different MSD mechanism and different orders within this mechanism, as well as different power classes (Samsung, HW, QC, ZTE, Meta, vivo, OPPO, Xiaomi, AT&T, Spreadtrum, Nokia, LGE)
· Option 2: (Skyworks, Meta)
One set of MSD classes for all MSD types 
· One MSD class for a given MSD type should apply to all MSD test points of an MSD type
· Option 3: It can be further discussed whether single threshold values set applies for each MSD mechanism or each MSD mechanism has individual threshold values set for all band combos is applicable for the agreement (MTK)
· Option 4: threshold scaled with specified MSD may be considered (Apple)
Almost all companies which provided comments in 1st round agree to use one set of lower MSD threshold (or one lower MSD classes table). The clarification of option 2 is conformance test related, which can be discussed separately. Thus, it is recommended to use option 1 as baseline.

Recommendations for 2nd round:
Use the following proposal modified from option 1 as baseline for further discussion:
· One set of lower MSD thresholds (one lower MSD classes table) could be applicable to different MSD mechanism and different orders within this mechanism, as well as different power classes
· The reported MSD threshold value for different MSD type/order/power class could be different 

Sub-topic 1-6: Conformance test
Tentative agreements:
Candidate options:
Issue 1-6-1: How to deal with the case UE does not support any of the specified configurations for exisiting specified MSD for conformance test
· Proposals
· Option 1: (Samsung, vivo, HW, Skyworks, Apple, Meta, OPPO, Xiaomi, [CHTTL])
Send LS to RAN5 with clarification that for one band combination, in case UE does not support any of the specified configuration, the worst case configuration the UE supported itself for this band combination should be chosen as test configuration and conform to the largest MSD specified (cross band isolation could be an example). 
· Option 2: Further check (QC, AT&T, Nokia)
As clarified during the discussion, the identified issue is for existing MSD in the spec. Most companies support to send an LS to clarify the issue by RAN5. 
Issue 1-6-2: Conformance test for lower MSD
· Option 1: For cross band isolation, in terms of lower MSD capability (Samsung, QC, Meta)
· If UE supports the specified worst case configuration which corresponds to the largest MSD, it should be chosen to verify lower MSD capability
· If UE does not support the specified worst case configuration，FFS on the test configuration for lower MSD
· Alt 1: The worst case configuration the UE supports itself is chosen as test configuration (→ But may lead to new test point against the exiting specified test point for conformance test)
· Alt 2: Others

· Option 1a: For cross band isolation, in terms of lower MSD capability (Samsung)
· UE supports the specified worst case configuration which corresponds to the largest MSD, this configuration is selected as test configuration for verifying both existing specified MSD and lower MSD capability → No additional test point needed for lower MSD compared with existing specified MSD
· UE does not support the specified worst case configuration, but support the second test configuration (if introduced )which is an optionally defined one to address operator’s demand,  the second configuration is selected as test configuration for verifying both existing specified MSD and lower MSD capability → No additional test point needed for lower MSD compared with existing specified MSD
· UE does not support any of the specified configuration, the worst case configuration the UE supported itself for this band combination should be chosen as test configuration for verifying both existing specified MSD and lower MSD capability → No additional test point needed for lower MSD compared with existing specified MSD

· Option 2: (Skyworks, Meta, [HW], Apple, Meta, Xiaomi, AT&T, QC)
· A UE signalling the optional lower MSD capability should not have more or different conformance test points than a legacy UE without lower MSD capability, only the test limits should be impacted
· When a UE signals a lower MSD threshold for a given MSD type, the currently applicable inter-band worst case MSD tests are performed, and the limit is modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2…), the test is also performed with the limit modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If the UE fails the test, the conformance test will have to be passed again either:
· With the UE now passing the test with the same threshold after HW/SW modifications
· With the UE passing the test with the higher threshold signalled
· With the UE passing the normal test without the lower MSD capability
· It should be noted that there are worst case MSD test points cases in 38.101-1 or 38.101-3 that some UE cannot pass as:
· They do not support the lowest channel UL CBW (very rare) for all 1UL and 2UL IMD test
· They do not support the largest channel UL CBW for the 1UL cross-band MSD case:
· In many cases, there is a second cross-band MSD test point that uses a lower UL CBW that a majority of UEs would support; in this case, this test point is used with the signalled threshold value as the limit
· In the rare case where a UE would not support the UL CBW of all the cross-band MSD test points, the UE is tested with the largest CBW it supports and uses the signalled threshold value as the limit
· The worst-case MSD test point is not valid for the support frequency range in a given region
· For this case, there is usually a second MSD test point that can be measured in any applicable region; in this case, this test point is used with the signalled threshold value as the limit.
· Option 3: No new test configurations (points) be set for lower MSD compared to current MSD requirements (vivo, OPPO)
· Option 4: Others
In principle, option 1 and option 2 are similar except that the following proposal in option 2 was questioned by two companies. 
· If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2…), the test is also performed with the limit modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
No companies object option 3, which generally is ok for the purpose to limit the test complexity. 

Recommendations for 2nd round:
Issue 1-6-1: How to deal with the case UE does not support any of the specified configurations for exisiting specified MSD for conformance test
Discuss the draft LS in 2nd round. Whether sent it to RAN5 in this meeting depends on the content in the draft LS. 

Issue 1-6-2: Conformance test for lower MSD
Use modified option 2 as baseline for further discussion.
· A UE signalling the optional lower MSD capability should not have more or different conformance test points than a legacy UE without lower MSD capability, only the test limits should be impacted
· When a UE signals a lower MSD threshold for a given MSD type, the currently applicable inter-band worst case MSD tests are performed, and the limit is modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If other MSD test points exits for the same MSD type (for example H3 on top of worst case H2 or IMD3 on top of worst case IMD2…), the test is also performed with the limit modified to the signalled threshold value instead of the MSD value in 3.101-1 or 38.101-3.
· If the UE fails the test, the conformance test will have to be passed again either:
· With the UE now passing the test with the same threshold after HW/SW modifications
· With the UE passing the test with the higher threshold signalled
· With the UE passing the normal test without the lower MSD capability
· It should be noted that there are worst case MSD test points cases in 38.101-1 or 38.101-3 that some UE cannot pass as:
· They do not support the lowest channel UL CBW (very rare) for all 1UL and 2UL IMD test
· They do not support the largest channel UL CBW for the 1UL cross-band MSD case:
· In many cases, there is a second cross-band MSD test point that uses a lower UL CBW that a majority of UEs would support; in this case, this test point is used with the signalled threshold value as the limit
· In the rare case where a UE would not support the UL CBW of all the cross-band MSD test points, the UE is tested with the largest CBW it supports and uses the signalled threshold value as the limit
· The worst-case MSD test point is not valid for the support frequency range in a given region
· For this case, there is usually a second MSD test point that can be measured in any applicable region; in this case, this test point is used with the signalled threshold value as the limit.

Sub-topic 1-7: Other approaches for lower MSD capability reporting
Tentative agreements:
Candidate options:
· Option 1: Report the ratio of MSD reduction to Tx power reduction (HW, Meta)
· Option 2: Report MSD = 0 dB region report (Nokia)
· Option 3: single-bit low-MSD indicator for a UE that all MSD types for this BC have been improved to above a threshold (HW, vivo, Samsung, Meta, [OPPO])
· Option 3a: 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 3b: Single bit indication of small MSD capability (MSD <= [3]dB) can be reported to apply the improved MSD level by the high order IMD/harmonic problems (Meta)
· Option 4: Others (Skyworks, Ericsson, QC, Apple, ZTE, Xiaomi, AT&T, MTK)
No majority view for the proposed approaches for lower MSD reporting. More companies prefer to discuss the issues in other sub-topics firstly. 

Recommendations for 2nd round:
No further discussion in 2nd round. FFS in next meeting.

Sub-topic 1-8: LS to RAN2 
Tentative agreements:
Candidate options:
In total 11 companies provided comments in 1st round. Almost all companies agree to send LS to RAN2, and one of them suggested to sent it in next meeting. Two companies want to clarify what actions RAN4 would like RAN2 to take. 
In moderator’s view, the LS is to inform RAN2 for the status of revised WID in RAN#99 as RAN2 is also added for the objective for lower MSD, and to trigger RAN2 to think about the issue in advance even many issues are not concluded yet in RAN4. The early involvement of RAN2 to think the signaling design, the better for the following progress, which could also be helpful for convergence of some issues discussed in RAN4. 
Recommendations for 2nd round:
Discuss the draft LS in 2nd round. Whether sent it to RAN2 in this meeting depends on the content in the draft LS.



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
	T-doc number
	Company
	Proposals / Observations

	
	
	



Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Topic #2: UE RF requirements for Lower MSD
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2304187
	Lower MSD requirements handling
	Nokia, Nokia Shanghai Bell
	Observation 1: If specified MSD is within one of MSD classes (a class = between two thresholds), should be UE allowed to report the MSD class? Or should we set a rule that UE should improve MSD until actual MSD value goes into a lower MSD class lower than the MSD class where the specified MSD belongs to?
Observation 2: If specified MSD is only a little bit larger than one of the MSD classes, is the UE allowed to report the MSD class? For example, specified MSD is 16 dB, while upper threshold of lower MSD class is 15 dB. Is the UE allowed to indicate lower MSD capability by only 1 dB MSD improvement?
Proposal: RAN4 should further discuss relation between specified MSD and MSD class and how to utilize MSD classes to make the capability meaningful as much as possible.

	R4-2304718
	Views on UE RF requirements for lower MSD
	Samsung
	Proposal 1: Explicit Lower MSD capability thresholds should be predefined in both RAN2 and RAN4 spec, and the condition to derive and verify lower MSD capability should be made clear in RAN4 spec. 

	R4-2305656
	Input on improved MSD signaling and requirement
	Skyworks Solutions Inc.
	Proposal 3 on requirement for lower MSD in RAN4 specifications:
· Lower MSD is only applicable to inter-band 2 band and 3 band MSD cases for FR1 NRCA and NEDC for 38.101-1 and FR1 ENDC for 38.101-3 and according to types in proposal 1
· Lower MSD is not captured as is in 38.101-1 and 38.101-3, but a text is captured in the general part above the MSD tables that says that for a UE signalling a lower MSD threshold for a given IMD type, the MSD values in the related 38.101-1 or 38.101-3 are replaced by the signalled threshold value.



Open issues summary
Sub-topic 2-1: Applicability of the requirements
· Proposals
· Option 1: Lower MSD is only applicable to inter-band 2 band and 3 band MSD cases for FR1 NRCA and NEDC for 38.101-1 and FR1 ENDC for 38.101-3 and according to types (Skyworks)
· Option 2: Others

· Recommended WF
· TBA
	Company
	Comments

	MediaTek
	Option 1.

	Huawei
	Option 1 is a bit misleading, though we can understand the motivation. As described by the draft LS, high order band combinations inherit the low-MSD capability from lower order fallbacks. Maybe option 1 refers to low-MSD reporting only.

	Samsung
	More clarification would be good. Since I feel it was already agreed only 2-band and 3-band combinations could report lower MSD capability, and the lower MSD capability of 4-band and higher orders could inherit the capability of fallbacks. So what is the new thing would like to highlight here?
Prefer Option 1, lower MSD is a RF feature so naturally the capability threshold should be captured

	Skyworks
	Since today there are only defined MSDs for 2 band and 3band cases (as it is only related to UL configuration) the low MSD reporting should only be related to the defined MSDs in 38.101-1 and 31.101-3

	Qualcomm
	Signalling lower MSD capability should be possible with any band combination containing any number of bands. Though, in the current spec it may only be captured for 2 band and 3 band combinations we do not want to impose this restriction as in the future the spec may be extended to combinations with more bands.

	Meta
	For the applicability of MSD improvement, all of existing MSD requirements will be candidate based on UE capability report. 

	ZTE
	As mentioned by Samsung, >4 band could inherit the capability of fallbacks.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Regarding ENDC and NR CA, we think the MSD analysis for NR CA and ENDC with the same constituent bands are the same, so the same lower MSD capability approach are applied for both NR CA/DC and ENDC.

	OPPO
	For clarification the meaning of “inter-band 2 band and 3 band MSD cases”, does the 3band MSD case here means IMD interfering the third band case?

	AT&T
	We are OK to limit to the cases where there are defined MSDs. It is not clear as to why this would only apply to inter-band.



Sub-topic 2-1: Spec impact
· Proposals
· Option 1: Explicit Lower MSD capability thresholds should be predefined in both RAN2 and RAN4 spec, and the condition to derive and verify lower MSD capability should be made clear in RAN4 spec. (Samsung)
· Option 2: Lower MSD is not captured as is in 38.101-1 and 38.101-3, but a text is captured in the general part above the MSD tables that says that for a UE signalling a lower MSD threshold for a given IMD type, the MSD values in the related 38.101-1 or 38.101-3 are replaced by the signalled threshold value (Skyworks)
· Option 3: Others

· Recommended WF
· TBA
	Company
	Comments

	MediaTek
	Tend to agree on option 2 but question for clarification. Is there typo in the sentence “for a UE signalling a lower MSD threshold for a given IMD  MSD type, the MSD values in the related 38.101-1 or 38.101-3 are replaced by the signalled threshold value” ?

	vivo
	Tend to agree with option 1 as starting point. The location of the mapping table can be discussed further. 

	Huawei
	It seems pre-mature to decide between option 1 and 2 now. It can be left to the CR drafting stage with both options open.

	Skyworks
	In our view it is sufficient to capture the MSD classes and text in front of the relevant MSD table clarifying what limit applies when a given lower MSD class is signalled

	Meta
	Support option 2

	ZTE
	Tend to agree with option 2 with the typo corrections by MTK of IMDMSD.

	OPPO
	Option 2 is ok to us.

	AT&T
	Option 1. A UE that claims lower MSD needs to be verified against core requirements associated with the claim.

	Nokia
	Option 1. Thresholds and the applicability must be captured in 38.101-1/3.



Companies views’ collection for 1st round
Open issues 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	
	Company A

	
	Company B

	
	



Summary for 1st round
Open issues
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Sub-topic 2-1: Applicability of the requirements
Tentative agreements:
Candidate options:
· Option 1: Lower MSD is only applicable to inter-band 2 band and 3 band MSD cases for FR1 NRCA and NEDC for 38.101-1 and FR1 ENDC for 38.101-3 and according to types (Skyworks, MTK)
· Option 2: Others
The views for the options are diversified. Some companies want to have more clarification of option 1. In moderator’s view, discussion for the requirements aspect can be continued in next meeting, obviously, the views of companies are not aligned. 

Recommendations for 2nd round:
No further discussion in 2nd round. FFS in next meeting. 

Sub-topic 2-2: Spec impact
Tentative agreements:
Candidate options:
· Option 1: Explicit Lower MSD capability thresholds should be predefined in both RAN2 and RAN4 spec, and the condition to derive and verify lower MSD capability should be made clear in RAN4 spec. (Samsung, vivo, AT&T, Nokia)
· Option 2: Lower MSD is not captured as is in 38.101-1 and 38.101-3, but a text is captured in the general part above the MSD tables that says that for a UE signalling a lower MSD threshold for a given IMD type, the MSD values in the related 38.101-1 or 38.101-3 are replaced by the signalled threshold value (Skyworks, MTK, Meta, ZTE, OPPO)
· Option 3: Others (HW)
 No majority view for the options. In moderator’s view, requirements related issues can be further discussed in next meeting. Focus on discussion for the issues listed in Topic#1 in this meeting. 
Recommendations for 2nd round:
No further discussion in 2nd round. FFS in next meeting.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
	T-doc number
	Company
	Proposals / Observations

	
	
	



Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Topic #3: TPs for TR 38.881
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2305563
	TR 38.881 v0.4.0
	Huawei, HiSilicon
	Reserved TR to capture agreed TPs. For email approval.

	R4-2304188
	TP for TR 38.881 update of MSD 0 dB region approach
	Nokia, Nokia Shanghai Bell
	

	R4-2304521
	TP for TR 38.881 on the signalling design for low-MSD capability
	Huawei, HiSilicon
	



Open issues summary
Sub-topic 3-1: TPs for TR
Issue 3-1-1: TP in R4-2304188, update of MSD 0 dB region approach (Nokia) 

· Recommended WF
· TBA, relevant to discussion in Topic#1
	Company
	Comments

	Skyworks
	We do not support this concept of zero MSD region as we have already chosen to ignore some MSDs related to a higher order interference in 38.101-1, no-one can conclude out of the thousand of existing MSD test points what would be the zero MSD test points. This would require to revisit all existing cases.

	Nokia
	To Skyworks,
Would Skyworks clarify why we need to revisit all existing cases? The proposal doesn’t require any revisit. This is just asking UE from where MSD is zero if we test UE with currently specified test condition.

	
	




Issue 3-1-2: TP in R4-2304521, on the signalling design for low-MSD capability (HW) 

· Recommended WF
· TBA, relevant to discussion in Topic#1
	Company
	Comments

	Qualcomm
	 In table 7.1.x.1-1 we do not want the IMDn constrained to n=9. Also, in table 7.1.x.1-3: For CA_n1-n78: <MSD≤10, IMD4, n3> should be n1


	Nokia
	We have some comments on the TP. e.g., we still think that order of UL harmonic and harmonic mixing is needed since without knowing it, network cannot take an appropriate measure. Also, about network query-based reporting, we would like to add [ ] to “frequency band(s), MSD source (such as IMD order), power class, and etc” and “before a band combination is configured” wouldn’t be wrong, but we can simply replace it with “via UE-CapabilityRequestFilterNR”. Then, this surely happens before the configuration.

	
	



Companies views’ collection for 1st round
Open issues 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	
	Company A

	
	Company B

	
	



Summary for 1st round
Open issues
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Sub-topic 1-1: TP for TR
Tentative agreements:
Candidate options:

Recommendations for 2nd round:
TPs are revised based on comments in 1st round and to be checked in 2nd round. 



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
	T-doc number
	Company
	Proposals / Observations

	
	
	



Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

0 Recommendations for Tdocs
0.1 1st round
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	
	
	

	
	WF on lower MSD
	Huawei, HiSilicon
	

	
	draft LS on clarification of test configurations for CA/DC MSD requirements
	Samsung
	The LS to RAN5 is to clarify the conformance test issue for existing specified MSD requirements identified during discussion for lower MSD



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2304094
	
	Views on lower MSD signaling
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304182
	
	Updated the lower MSD capability signalling
	Meta Ireland
	Noted
	

	R4-2304187
	
	Lower MSD requirements handling
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304188
	
	TP for TR 38.881 update of MSD 0 dB region approach
	Nokia, Nokia Shanghai Bell
	Revised
	

	R4-2304202
	
	discussion on MSD capability
	CMCC
	Noted
	

	R4-2304389
	
	Signalling for low MSD
	Qualcomm Technologies Int
	Noted
	

	R4-2304520
	
	On the signalling design for low-MSD capability
	Huawei, HiSilicon
	Noted
	

	R4-2304521
	
	TP for TR 38.881 on the signalling design for low-MSD capability
	Huawei, HiSilicon
	Revised
	

	R4-2304663
	
	Discussion for lower MSD threshold
	LG Electronics France
	Noted
	

	R4-2304717
	
	Views on signalling design for lower MSD
	Samsung
	Noted
	

	R4-2304718
	
	Views on UE RF requirements for lower MSD
	Samsung
	Noted
	

	R4-2304870
	
	Discussion on possible Lower MSD signalling approaches
	MediaTek Inc.
	Noted
	

	R4-2305083
	
	Discussion of lower MSD Signalling
	vivo
	Noted
	

	R4-2305130
	
	On lower MSD for inter-band CA/ENDC
	ZTE Corporation
	Noted
	

	R4-2305296
	
	Discussion on lower MSD signaling for inter-band CA/EN-DC/DC
	Xiaomi
	Noted
	

	R4-2305365
	
	Views on lower MSD signaling and UE RF requirements
	Apple
	Noted
	

	R4-2305563
	
	TR 38.881 v0.4.0
	Huawei, HiSilicon
	Return to
	email approval

	R4-2305564
	
	draft LS on lower MSD capability
	Huawei, HiSilicon
	Revised
	

	R4-2305573
	
	Discussion on the information needed in the Lower MSD capability
	CHTTL
	Noted
	

	R4-2305656
	
	Input on improved MSD signaling and requirement
	Skyworks Solutions Inc.
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

0.2 2nd round 
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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