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1	Introduction
Some open issues are listed in the WF [1] on study for lower MSD, which will be further discussed in the sequel. It is proposed to prioritise the remain issues so that the group can focus on the key design tasks first.
2	Discussion
2.1	Key design aspects
Sub-topic 1-2: Essential information included in the lower MSD capability
Issue 1-2-1: Whether power class should be reported together with MSD values

<Agreement in GTW>: 
· UE is allowed to report lower MSDs for different power classes
· FFS on how UE reports to reduce the signalling overhead

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)	


How to report lower MSD for different power classes can be done in a number of ways:
Alt 1: Report the MSD value for different power classes one by one, e.g.:
<MSD value, PC1.5, MSD type, victim band>,
<MSD value, PC2, MSD type, victim band>,
<MSD value, PC3, MSD type, victim band>.
Alt 2: Report the MSD values for all supported power classes in one go, e.g.:
<(MSD value for PC1.5, MSD value for PC2, MSD value for PC3), MSD type, victim band> for UE indicating PC1.5 or
<(MSD value for PC2, MSD value for PC3), MSD type, victim band> for UE indicating PC2 or
<(MSD value for PC3, MSD type, victim band> for UE indicating PC3.
Alt 3: Report the MSD value for the power class requested by the network, otherwise the highest power class supported by the UE.
It’s not clear how the network will utilise the lower MSD information for different power classes. Power class fallback due to p-Max is usually semi-static, while the fallback due to duty cycle limit could be reverted very quickly when the evaluation period restarts. Hence, Alt 3 is preferred, while Alt 2 can also be considered.
Proposal 1: Consider the following two options  for reporting MSD values for different power classes:
    Option a):  Report the MSD value for the power class requested by the network, otherwise for the highest power class supported by the UE.
Option b): Report a list of MSD values for all supported power classes in one instance, e.g.:
<(MSD value for PC2, MSD value for PC3), MSD type, victim band> for UE indicating PC2.
Since every unit of low-MSD information reported by the UE needs to be testable, it implies that the corresponding test point has been defined in the 3GPP specifications. Therefore, the CBW of aggressor UL and victim DL are part of the reference configuration for the test point written in the spec. It is also assumed that the network can extrapolate the MSD for the actual CBW in use based on the reported low-MSD information.
Proposal 2: No need to report the CBW of aggressor UL and victim DL. It is assumed that the network can extrapolate the MSD for the actual CBW in use based on the reported lower-MSD information.
Sub-topic 1-3: MSD types and orders
· WF
· The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn}. 
· FFS handling of UL/DL harmonic order
· FFS on max MSD order n
· If new MSD type is identified and specified by RAN4 in the future, the new MSD type can also be considered for indicating lower MSD capability


As pointed out in previous discussions, the principle to select MSD types and orders is to enable the network/TE to identify a unique test point in the 3GPP specifications upon receiving a unit of lower-MSD information in the form of the 3-tuple of <MSD value, MSD type, Victim band>. 
Observation 1: One principle to select MSD types and orders is to enable the network/TE to identify a unique test point in the 3GPP specifications when performing table look-up with <MSD type, Victim band> as the indices.
Based on our survey of the current specification (TS 38.101-1 v18.1.0), it’s unnecessary to report the UL/DL harmonic order. Otherwise, 11 UL/DL harmonic types need to be added, even if only direct-hit is counted.
Observation 2: Without reporting the harmonic order, the test point for MSD caused by harmonic/harmonic mixing can still be identified in the spec. Otherwise, up to 11 UL/DL harmonic types would be needed, resulting in excessive signalling overhead.
Regarding the IMD order, the current spec includes: IMD2, IMD3, IMD4, IMD5, IMD7 and IMD9. The MSD for IMD7 or IMD9 are relatively small in current spec, however, they could increase significantly if the aggressor’s power class becomes PC2 or PC1.5. 
In order to facilitate RAN2’s signalling design, the max IMD order needs to be decided. If higher IMD order or other new MSD types are identified, they can be added in the future. So far, the potential MSD types to be reported are:
    {UL harmonic, Harmonic mixing, cross-band ISO, IMD2, IMD3, IMD4, IMD5, IMD7, IMD9}, 9 in total.
If 4 bits are allocated, a maximum of 16 different MSD types can be reported, leaving 7 types for future extension. 
Proposal 3: No need to report UL/DL harmonic order. The MSD types below can be reported in this release:
{UL harmonic, Harmonic mixing, cross-band ISO, IMD2, IMD3, IMD4, IMD5, IMD7, IMD9}.
Proposal 4: Inform RAN2 that new MSD types may be added in the future and a maximum of 16 MSD types are reserved for Rel-18.
For the benefit of reducing signalling overhead, some special MSD types can be considered. For example, the 3-tuple of <MSD value, MSD type=ALL, Victim band> could indicate that for the given victim band, all of the actual MSD values are no more than the reported value, regardless that the MSD is caused by harmonic, cross-band isolation or IMD.
Since the MSD caused by 2nd harmonic or IMD2 is usually in excess of 30 dB and is difficult to be improved, a special MSD type such as ALL_BUT_2nd_ORDER might be introduced to enable the UE to report the MSD values for higher orders and cross-band ISO in one go.
Proposal 5: For the benefit of reducing signalling overhead, consider to introduce special MSD types, such as ALL, ALL_BUT_2nd_ORDER, to enable the UE to report the same MSD value for multiple normal MSD types (i.e. harmonic, harmonic mixing, cross-band, IMD, etc) in one instance.
Sub-topic 1-4: Candidate MSD thresholds
· Candidate options:
· Option 1: 0~15dB (Nokia, 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)


It should be noted that among the 3-tuple of <MSD value, MSD type, Victim band>, the MSD value is the only information that is unknown to the network and that could be used to differentiate UEs, while MSD type and Victim band are merely side conditions. We believe that reporting the MSD value with at least 3 bits is worthwhile, considering that more bits are needed for the side conditions. Although RAN4 have not discussed in detail how the network utilizes the lower-MSD information, in general, a higher resolution of the MSD value can enhance the prediction of the UE’s SINR, leading to better scheduling decisions.
The maximum MSD value to be reported is also linked to the sub-topic of “Conditions to indicate the lower MSD capability”. The purpose of the new capability is not to report all possible MSD values in the spec. Instead, it’s preferred to limit the reporting range to encourage certain level of MSD improvement by the UE. Additionally, very large MSD value is deemed not useful for the network whatsoever. 
Proposal 6: Use at least 3 bits to report the quantised MSD value and limit the reporting range to around 20dB, which can give reasonable resolution and rule out excessively large MSD values to be reported.
An example design of the MSD thresholds is shown in the Table 1 below, which employs constant step-size. 
Table 1: An example design of the MSD thresholds
	Index
(3 bits)
	Low-MSD threshold
(dB)
	Note

	0
	0
	No sensitivity degradation w.r.t. REFSENS 

	1
	3 
	Actual MSD ≤ 3 dB

	2
	6 
	Actual MSD ≤ 6 dB

	3
	9 
	Actual MSD ≤ 9 dB

	4
	12 
	Actual MSD ≤ 12 dB

	5
	15 
	Actual MSD ≤ 15 dB

	6
	18 
	Actual MSD ≤ 18 dB

	7
	21
	Actual MSD ≤ 21 dB



Sub-topic 1-1: Conditions to indicate the lower MSD capability
· Candidate options
· Option 1: 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 (Samsung, Xiaomi, Nokia, AT&T, Skyworks, HW)
· If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD
· Option 2: 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 (QC, OPPO, vivo)
· If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD

Regarding the conditions to indicate the lower MSD capability, we can also accept option 2 if there is no consensus on the minimum required MSD improvement value in option 1 (shown as “TBD”). 

2.2	Other issues
Sub-topic 1-6: Conformance test for lower MSD
· Candidate options:
· Option 1: For cross band isolation, in terms of lower MSD capability (Samsung, QC, Meta)
· 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 1a, option 2 and option 3 are not mutually exclusive. All can be further discussed or merged for conformance test for lower MSD. If a test point is not applicable due to the limitation of CBWs supported by the UE, the largest/smallest CBW that is reported by the UE can be used instead. The latter CBW information has already been indicated to the network, hence no additional signaling is needed. While waiting for the reply LS from RAN5, RAN4 needs to consider how to capture the requirement in the spec.
Proposal 7: Merge different options proposed for lower-MSD conformance test and consider how to capture the requirement in the spec.
3	Conclusion
For the key design issues for low-MSD signaling, we have the following proposals:
Proposal 1: Consider the following two options (down-select or merge) for reporting MSD values for different power classes:
    Option a):  Report the MSD value for the power class requested by the network, otherwise for the highest power class supported by the UE.
Option b): Report a list of MSD values for all supported power classes in one instance, e.g.:
<(MSD value for PC2, MSD value for PC3), MSD type, victim band> for UE indicating PC2.
Proposal 2: No need to report the CBW of aggressor UL and victim DL. It is assumed that the network can extrapolate the MSD for the actual CBW in use based on the reported lower-MSD information.
Observation 1: One principle to select MSD types and orders is to enable the network/TE to identify a unique test point in the 3GPP specifications when performing table look-up with <MSD type, Victim band> as the indices.
Observation 2: Without reporting the harmonic order, the test point for MSD caused by harmonic/harmonic mixing can still be identified in the spec. Otherwise, up to 11 UL/DL harmonic types would be needed, resulting in excessive signalling overhead.
Proposal 3: No need to report UL/DL harmonic order. The MSD types below can be reported in this release:
{UL harmonic, Harmonic mixing, cross-band ISO, IMD2, IMD3, IMD4, IMD5, IMD7, IMD9}.
Proposal 4: Inform RAN2 that new MSD types may be added in the future and a maximum of 16 MSD types are reserved for Rel-18.
Proposal 5: For the benefit of reducing signalling overhead, consider to introduce special MSD types, such as ALL, ALL_BUT_2nd_ORDER, to enable the UE to report the same MSD value for multiple normal MSD types (i.e. harmonic, harmonic mixing, cross-band, IMD, etc) in one instance.
Proposal 6: Use at least 3 bits to report the quantised MSD value and limit the reporting range to around 20dB, which can give reasonable resolution and rule out excessively large MSD values to be reported.
Proposal 7: Merge different options proposed for lower-MSD conformance test and consider how to capture the requirement in the spec.
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