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Introduction
In RAN4#106-bis-e meeting, a WF [1] was approved, in which there were remaining open issues as listed. This contribution continues to be discussed as follows:
	· Sub-topic 1-1: Conditions to indicate the lower MSD capability
•      Option1: 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
•      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
•      Option 3: Others
<Way forward>:
Further discuss the listed options.
· 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 signaling overhead
· Issue 1-2-2: Whether CBW of aggressor UL and victim DL should be reported for lower MSD capability
· Option1: Yes
· Option2: No
· Option3: Discuss together with conformance test
<Way forward>:
FFS in next meeting.
· Sub-topic 1-3: MSD types and orders
<Way forward>:
· 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
◆  Sub-topic 1-4: Candidate MSD thresholds
· Option 1: 0~15dB 
· Option 2: 0~20dB 
· Option 3: 0~[25/27]dB 
· Option 4: improved MSD in granularity of 1dB 
<Way forward>:
Further discuss the listed options in next meeting.
◆  Sub-topic 1-5: Applicability of lower MSD thresholds for different MSD types
<Way forward>:
Use the following proposal as baseline:
· 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 for lower MSD
· Option 1: 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
· Option 1a: For cross band isolation, in terms of lower MSD capability
· 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: 
· 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 
· Option 4: Others
<Way forward>:
FFS in next meeting.


Discussion
Conditions to indicate the lower MSD capability
From the perspective of option1 and option 2, the difference is whether TDB dB needs to be improved or not. Analyzing this option, the sentence that 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 is reasonable, but 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 may cause problems to occur, take option1 of sub-topic 1-4 as example. If the Thi is 13.8dB, it belongs to level IV, but the actual MSD is 10dB, and it also belongs to level IV. It cannot meet the requirement of at least one-level lower, but it has actually been improved by 3.8dB, and it is not allowed to report, this is unreasonable. And according to the observation, in the case of low SNR, MSD is improved by 1dB, and the SNR is also improved by 1dB.
Observation 1: In the case of low SNR, the optimization of MSD and the improvement of SNR are linear.
Proposal 1: Revised option 2 as follows:
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. As long as the actual MSD improvement exceeds 1dB or more, reporting is allowed.
Whether CBW of aggressor UL and victim DL should be reported for lower MSD capability
According to the spec TS 38.101-1 and TS 38.101-3, different MSDs have been defined based on different bandwidths, and the contents of these table are known to the network, so it is not necessary to report CBW of aggressor UL and victim DL.
Proposal 2: The requirement of MSD has contain bandwidths, there is no need to report CBW of aggressor UL and victim DL. 
MSD types and orders
For MSD types, it was proposed to use the worst-case test point as the reference UL/DL configuration for the low-MSD capability. According to the spec of TS 38.101-1 and TS 38.101-3, the source of MSD distinguishes UL harmonic interference, intermodulation interference and cross band isolation, it is suitable to report a set of that. For harmonic orders, considering that the low-spectrum frequency band and the high-spectrum frequency band are expanding in the future, and there may be more harmonic interference), it is suggested that the combination with multiple harmonic interference reports the harmonic number, and if only one harmonic interference exists, it will not be reported. For IMD orders, it can max up to 9. 
[image: ]
Proposal 3: The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn}
Proposal 4: For harmonic order, it will be reported if there is more than one kind of harmonic order in someone band combination, otherwise it will not be reported. For IMD orders, it can be from 2 to 9. 
Candidate MSD thresholds
According to the observation 1, in the case of low SNR, MSD is improved by 1dB, and the SNR is also improved by 1dB. For the simplification of the signaling overhead and the benefit, improved MSD in granularity of 1dB is ok. Considering the maximum MSD value in the spec of TS 38.101-1 is up to 38.1dB, if the actual MSD value exceeds 28dB (this value is up to network), it is not recommended to report. Otherwise, UE will be allowed to report if it improves by 1dB or higher.
Proposal 5: The lower bound is 0dB and the upper bound is 28dB, and the improvement of the granularity is 1dB.
Conformance test for lower MSD
In order to verify the true value of lower MSD, the threshold of the test should not be the existing specification, but the capability value of lower MSD reported by UE, and it should not be lower than the threshold of the existing specification. By this token, option 2 is reasonable.
Proposal 6: Support option2
Conclusions
In this paper, we provide our views on lower MSD signaling design, we have made the following observation and proposals:
Observation 1: In the case of low SNR, the optimization of MSD and the improvement of SNR are linear.
Proposal 1: Revised option 2 as follows:
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. As long as the actual MSD improvement exceeds 1dB or more, reporting is allowed.
Proposal 2: The requirement of MSD has contain bandwidths, there is no need to report CBW of aggressor UL and victim DL. 
Proposal 3: The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn}
Proposal 4: For harmonic order, it will be reported if there is more than one kind of harmonic order in someone band combination, otherwise it will not be reported. For IMD orders, it can be from 2 to 9. 
Proposal 5: The lower bound is 0dB and the upper bound is 28dB, and the improvement of the granularity is 1dB.
Proposal 6: Support option2
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