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Introduction
[bookmark: _Hlk115189237][bookmark: _Hlk131632468]In RAN#99, WI [1] was revised to further formalize the objectives for the low MSD feature. In this contribution, we discuss the specification impact, the signaling attributes and the expected conformance testing of the low MSD feature.
Discussion
In RAN#99 the WI [1] was revised to further formalize the objectives for the low MSD feature for the WI phase:
Enable lower MSD capability for inter-band CA/EN-DC/DC combinations [RAN4, RAN2]
· Continue the study on approaches for a UE to indicate the improved lower MSD performance based on the progress of the study phase and specify the related signalling
· Based on the outcome of the signalling study, specify the UE RF requirements to support lower MSD capability.
Inter-band MSD types
In current inter-band MSD requirement in 38.101-1 and 38.101-3 there are a few MSD types that are specified:
· Type 1 – 2DL inter-band with 1UL/1CC harmonics: due to UL harmonics falling into the other DL band. 
· Specified in 7.3A.4 Reference sensitivity exceptions due to UL harmonic interference for CA for 38.101-1 and 7.3B.2.3.1 Reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1 for 38.101-3. There are PC3/2/1.5 band power class cases
· Usually only the lowest valid order UL harmonic order (up to 5) issue is specified, and it is rare that multiple harmonics would be an issue. The MSD test point uses the lowest supported CBW for the UL and the DL.
· Type 2 – 2DL inter-band with 1UL/1CC harmonics mixing: due to DL even harmonics falling onto the other band UL or UL harmonics. 
· Specified in 7.3A.4 Reference sensitivity exceptions due to UL harmonic interference for CA for 38.101-1 and 7.3B.2.3.2 Reference sensitivity exceptions due to receiver harmonic mixing for EN-DC in NR FR1 for 38.101-3. There are PC3/2/1.5 band power class cases
· Usually only the lowest valid order of combined UL (1 to 5) and DL (2 or 4) order is specified, and it is rare that multiple cases would be an issue. The MSD test point uses the lowest supported CBW for the UL and the DL.
· Type 3 – 2DL inter-band with 1UL/1CC cross-band interference: due to UL close-in ACLR noise or far noise floor falling into the DL of the other band.
· Specified in 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA for 38.101-1 and 7.3B.2.3.4 Reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1 for 38.101-3. There are PC3 and PC2 inter-band power class cases
· The MSD test point uses the largest supported CBW for the UL and the lowest supported DL CBW.
· Since some UEs may not support the largest UL CBW, a second test point with a lower UL CBW can be specified
· Type 4 – 2DL inter-band with 1UL/2CC IMD interference: due to IMDs (up to order 9 for contiguous CCs and up to 7 for non-contiguous CCs) of the two UL CCs falling into the DL of the other band.
· Specified in 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA for 38.101-1 and 7.3B.2.3.5 MSD for intermodulation interference due to dual uplink operation for EN-DC in NR FR1 for 38.101-3. There are PC3 and PC2 inter-band power class cases
· The MSD test point uses the largest supported valid aggregated BW for contiguous ULCA, and the largest supported valid separation BW for non-contiguous ULCA.
· Since some UEs may not support the UL spectrum for the worst case, other test points with the regional spectrum footprint are specified
· Type 5 – 2DL inter-band with 2UL/2CC IMDs: due to IMDs (up to order 5) of the two UL falling in one of the DL bands
· Specified in 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA for 38.101-1 and 7.3B.2.3.5 MSD for intermodulation interference due to dual uplink operation for EN-DC in NR FR1 for 38.101-3. There are PC3 and PC2 inter-band power class cases
· The MSD test point uses the smallest supported CBW for contiguous ULCA, the lowest even and lowest odd valid IMDs (up to IMD5) are specified
· Type 6 – 3DL inter-band with 2UL/2CC IMDs: due to IMDs (up to order 5) of the two UL falling in the third DL band
· Specified in 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA for 38.101-1 and 7.3B.2.3.5.2 MSD test points for intermodulation interference due to dual uplink operation for ENDC in NR FR1 involving three bands in 38.101-3. There are PC3 and PC2 inter-band power class cases
· Type 7 – 2DL inter-band with 2UL/3CC triple beat: due to first order triple beat of the 3 UL CCs of the two UL falling in one of the DL bands
· Specified in 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA for 38.101-1 and 7.3B.2.3.5 MSD for intermodulation interference due to dual uplink operation for EN-DC in NR FR1 for 38.101-3. There are PC3 and PC2 inter-band power class cases
· Type 8 – 3DL inter-band with 2UL/3CC triple beat: due to first order triple beat of the 3 UL CCs of the two UL falling in the DL third band
· Specified in 7.3A.5 Reference sensitivity exceptions due to intermodulation interference due to 2UL CA for 38.101-1 and 7.3B.2.3.5.2 MSD test points for intermodulation interference due to dual uplink operation for ENDC in NR FR1 involving three bands in 38.101-3. There are PC3 inter-band power class cases
· Other types are not precluded and for example 2UL cross-band issues have been discussed for LBLB combinations
· These MSD types correspond to different UE transmitter, receiver and filter characteristics and thus have independent MSD behavior.
The MSD types 4, 7 and 8 are new in release 17 and there is less maturity in specifying those in the RAN4 community; but also, no feedback from products implementing such band combinations in the field.
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.
Relevant threshold and MSD types for the lower MSD feature
In our view the MSD threshold should be such that:
· The default no low MSD signaling means the MSD value in RAN4 specifications applies
· They enable a lower MSD than the worst-case MSD in RAN4 specifications for a given MSD type in proposal 1
· Same thresholds apply for all MSD types
· The highest MSD threshold is still a significant improvement versus the worst possible MSD for a given MSD type
· Different threshold can be signalled per power class
· A non-linear step with 4 values is sufficient to signal performance in qualitative terms of excellent, very good, good and improved vs worst case performance. In our view this is the most important for the network as the network will not be able to adapt to each and every UE based on a small MSD difference that can be outweighed by other interference or be irrelevant at the UE transmitted power or allocation. 
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.
Capturing lower MSD in 38.101-1 and 38.101-3
Since the MSD thresholds values will be captured in the RAN2 specification, we do not see the benefits of capturing the threshold values in RAN4 specifications. It should be sufficient to clarify in the text above the related tables for the applicable MSD types that all MSD values for these MSD types are replaced by the signalled threshold when the UE signals the lower MSD capability. 
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.
Conformance test for lower MSD capable UEs
It is important to clarify the conformance test strategy associated with the optional lower MSD UE capability. Based on our understanding of the inter-band MSD conformance test and our knowledge of the MSD specification, we make the following proposal.
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. 
Conclusions
In this contribution, we have discussed the different aspects of the lower MSD capability and make the following proposals.

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 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.
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. 
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