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Introduction
[bookmark: _Hlk115189237]In RAN4#107, significant progress was made on agreements for some of the characteristics of the lower MSD capability which were captured in WF [1]. This progress enabled RAN4 to communicate some of the specifics of the signalling to RAN2 in an LS [2]. Separately, RAN4 has received an answer form RAN2 on a previous LS in this meeting [3]. In this contribution, and within the context of the way forward and RAN2 answer, we further develop our proposals in [4] and provide our input on the zero MSD concept proposed in [5].
Discussion
In RAN4#107, WF [1] has captured a set of agreements on the parameters for the lower MSD capability:
· MSD for different power classes: The UE reports the MSD class per MSD types for the highest supported power class for the band combination
· UE can additionally report lower MSD for other PCs if NW/regulator requested 
· Conformance test is only performed for the highest supported power class
· Lower MSD reported for lower power class does not need to be tested
· MSD orders: No need to report order for harmonic/ harmonic mixing/cross band isolation 
· Lower MSD capability class reported apply for all specified orders
· Order for IMD MSD: IMD order up to 5 in Rel-18
· New MSD types: New MSD types may be added later 
· Inform RAN2 the MSD types/order agreed to be reported based on existing spec 
· Harmonic, harmonic mixing, crossband isolation, IMD 2, 3, 4, 5
· Add a new special lower MSD type as “ALL” 
· FFS on detail of “ALL” type
· Candidate MSD thresholds: The maximum threshold is around 20dB
· FFS on the concrete values for thresholds
· FFS on whether 2 or 3 bits will be used for threshold range.
· CBW of aggressor UL and victim DL: CBW of aggressor UL and victim DL are not necessary to be included in the essential information for lower MSD capability
· FFS on the rule for test condition
· With understanding that CBW of aggressor UL and victim DL is known to both UE and TE during test.

Although these agreements are not complete yet, this is a good step towards a definition of the lower MSD capability for RF requirements, with the following identified open points:
· Conditions to indicate the lower MSD capability
· MSD types per UL configurations
· Conformance test for lower MSD
· Signaling overhead reduction.

In this contribution, we provide additional inputs to address several details of the already agreed upon aspects, together with the open points. 
Conformance test for lower MSD
From our perspective, the lower MSD feature should not result in more conformance testing being required. Also, this should fit with the current specification framework, including the significant simplification effort expended in Release 17 and 18.

For this reason, the lower MSD declaration from the UE should only be verified using the existing test points in the RAN4 specifications, with only the target MSD being modified by the declared threshold value. The assumption should be that any higher order interference is lower than the declared value. This holds true as long as the worst case odd and even order IMDs are specified and is consistent with the approach that, in case of an existing higher order than those specified, a note is added.

Also, this naturally provides the conditions for declaring a lower MSD:
· Lower MSD is only applicable to existing MSD test points in the specification
· The declared MSD threshold should be lower than the RAN4 specified level
· When a higher order MSD may exist, but is not specified, the assumption is that, for a given UL configuration, the MSD is lower than the declared threshold.

The issue that a specific test point is not valid due to restricted spectrum or UE CBW capability is independent from the lower MSD capability, and should be managed in such a way that:
· At least one of the specified MSD test points can be tested per UL configuration, DL victim and MSD type
· When the test point is within the UE CBW capability the worst-case MSD test point is tested
· RAN5 can be informed in that way for both the baseline case (specified MSD) and the lower MSD case
· When new CBWs are introduced (new BCS, BCS4/5, new CBW in one band…) RAN4 should manage the MSD test points such that a test point exists for legacy UEs and (when required), a new worst case test point is needed. 

It should be noted that this issue only occurs when a new maximum CBW is introduced, and more rarely, when a new smallest CBW is introduced. When a new BCS is introduced that increases the number of supported CBW if a new smallest or largest CBW is introduced, RAN4 should revisit the specified MSD test points such that, if needed a new worst case MSD is specified and make sure that a second test point should stay valid for legacy UEs.

Observations:
· Validity of existing test points versus UE CBW support must be managed by RAN4 for the existing test points, independently from the lower MSD capability
· Based on this, the existing MSD test points are sufficient to cover the lower MSD capability, and are used for conformance testing by replacing the specified MSD value using the UE declared MSD threshold
· When higher order mechanisms exist for a given MSD test point, the UE declared MSD threshold applies.
· In this case, there is no new RF requirement needed for the lower MSD capability, other than clarifying the MSD types and lower MSD thresholds.
MSD link to UL and DL configurations
To drive some of the lower MSD capability and associated requirements, it is essential to recognize that MSD is primarily linked to the UL configuration in terms of the number of UL bands and CCs:
· 1 UL band MSD case:
· All cases are defined with 2DL configurations
· As long as there is only one UL CC, then it is only harmonics, harmonic mixing and cross band isolation that are included. There is no order declaration needed per victim band and UL configuration
· For the 1UL band with intra-band contiguous or non-contiguous ULCA, an MSD due to IMD of the two CC allocation up to order 9 is possible. However, at most, up to two IMD orders are valid per victim band.
· 2 UL band MSD case:
· With 2DL cases and one CC per UL band, only IMDs due to the two UL bands results in MSD into the DL bands
· Only two IMD orders are specified per victim band: the worst case odd and even IMDs
· With 2DL cases and one UL band with two contiguous CCs, first order triple beat MSD (IMD3) due to into the DL bands should be considered.
· Only one IMD order is specified per victim band: the worst triple-beat related MSD
· In both above cases, IMD or triple beat in third band is also possible
· As long as there are only two UL bands, there is no new MSD above 3DL bands combinations.
Observations:
· MSD cases are directly linked to the UL configuration and the power class is per UL configuration
· Per UL configuration, victim band and MSD type: Only up to two MSD cases are specified:
· Two CBW cases max for 1UL/1CC cases  
· Two different orders for IMDs of 2UL bands or 2CC intra-band ULCA are considered
· One order for triple beat.

Considering the above observations, it may not be necessary to declare the order of the MSD mechanism, but instead use the MSD index (0,1) per MSD type where:
· index 0 is the worst case MSD value for a given victim band, UL configuration and MSD type 
· and index 1 is the lower MSD case for the same victim band, UL configuration and MSD type (either the second test point or the higher order mechanism).
Additional “All” MSD type
In WF [1], it was agreed upon to add a new MSD type named “all”, but it did not clarify how “all” is defined:
· Is it all MSDs for given victim band?
· Is it all MSDs for a given UL configuration?
· Is it for all victim bands and MSD types?
· Is it all but one optional exception…and an exception per victim band, per UL configuration?

We believe this “all” MSD type is useful if it conforms with the structure of the other MSD types, and if the UE can declare an exception:
· In our view, the “all” should be all MSD for a given victim band MSDs related to one UL band and two UL band separately. 
· Given this, the “all” MSD threshold would apply to all MSD test points with a given victim band with the same UL band(s) configured. 
· If a specific (higher or lower) MSD threshold than “all” is declared for the same victim and UL band(s) configured for a specific MSD type, this MSD threshold is used instead of the “all” value for that test point.
MSD thresholds for lower MSD classes
Instead of using MSD thresholds, it is preferable to talk about MSD classes. Knowing that the MSD is currently measured conducted and thus, unless a PCB coupling path dominates, the diversity path is unaffected by UL noise in most of the test points. So, in reality, under conducted measurements it is fairly easy to claim a low MSD as, even for the worst MSD, the performance could be maintained based on 1Rx Sensitivity. 

It should be made clear to operators that although a conducted conformance test may show very low MSD, it may not be representative of the radiated performance that is the one important in the field. Also, this conducted test does not represent the quality of the antenna design which for a UE with a good antenna design even at a higher MSD, would have better performance than a UE with a better MSD under conducted test but a poor antenna design.

Furthermore, it is not clear that, even in field, the UE with a better MSD would actually perform better than another UE with a slightly higher MSD because it may be limited by interference or by shadowing or hand or head effect.

Thus, we do not believe that the network will (and should) schedule differently UEs that have a small MSD difference and this especially as the MSD value increases. This leads to lower MSD classes that are non-linear in size and with a small number of states. In fact, we believe that a good / average / bad / mediocre kind of qualification would be enough. Still, as the agreed max threshold is around 20dB and some MSDs are significantly lower than this, there is some merit to have 8 lower MSD classes such that there is opportunity to signal improved MSD even for specified MSD cases in the 6 to 10dB range. 

The most important thing being that it must be trusted that the improvement is actually representative of the radiated performance rather than just claiming a value only valid for the conducted test. Overwise the signalling overhead will be significant for a rather disappointing result in the field and only used for a pointless beauty contest.

To calculate the non-linear range, we looked at the resulting MSD (second column) from adding interfering noise to the receiver noise floor in linear steps of 4dB (first column) and derived the MSD classes ranges with rounding the thresholds to the next 0.5dB step.
Table 1: proposed scheme for a reduced number of lower MSD classes
	interfering noise vs receiver noise [dB] 
	Resulting MSD [dB]
	Lower MSD class
	Reported
MSD range [dB]
	MSD class 
size [dB]

	-8
	0.6
	I
	MSD≤0.5dB
	0.5

	-4
	1.5
	II
	0.5dB < MSD ≤ 1.5dB
	1.0

	0
	3
	III
	1.5dB < MSD ≤ 3dB
	1.5

	4
	5.5
	IV
	3dB < MSD ≤ 5.5dB
	2.5

	8
	8.6
	V
	5.5dB < MSD ≤ 8.5dB
	3.0

	12
	12.3
	VI
	8.5dB < MSD ≤ 12dB
	3.5

	16
	16.1
	VII
	12dB < MSD ≤ 16dB
	4

	20
	20.0
	VIII
	16dB < MSD ≤ 20dB
	4


0dB MSD region concept
The TP [5] elaborates on the concept of a potential 0dB MSD region. This uses a harmonic case as an example and assumes that channels adjacent to the designed MSD test point may exhibit no MSD, thanks to the decay of the harmonic spectrum. 

If this holds true in some cases, we do not conclude this provides useful information for the network and the specific configuration used in that case.

First, the test points are designed to represent the worst case MSD by using the lowest victim DL CBW and the lowest aggressor UL CBW (except for cross band where the largest UL CBW is used for the worst case MSD), with a specific UL RB allocation. Thus, in a real life network, the MSD may be lower (and possibly down to zero) for many reason:
· The UL and DL carrier frequencies are such that the interfering products fall outside the DL channel
· The UL and/or DL CBW is higher than the test point
· The UL allocation is smaller/larger than the test point
· The UE is not at maximum power
· Note that the above conditions are the more likely to be apparent in an actual network, and thus the worst-case MSD is more the exception than the rule.

Secondly, for the same reasons stated above, DL channels that are different from the test point case may have the same MSD if the UL channel or allocation is also changed. This is especially so in the case of substantial MSDs, such as IMD2, which can affect an entire band.

Finally, it is possible to calculate which part of a DL band may be unaffected once the UL frequency(ies) and allocation are known. This does not require to signal a 0dB region, especially if this means additional testing, which opposes the agreed upon philosophy that no additional testing is needed for lower MSD capability.

At this point, we do not envision that low MSD capability study should cover this 0dB MSD region concept in Release 18 and we would rather commit effort in Release 19, by establishing rules on how the MSD evolves versus the declared lower MSD versus frequency offset from a worst case DL channel, UL CBW and RB allocation, DL CBW, output power, among other topics.

It should be noted that similar rules for MSD have already been previously used to derive MSD vs CBW or power class in RAN4. These rules can be further formalized and can be equally useful for the current MSD specification and the lower MSD classes.
Proposals for lower MSD capability
Based on the discussion in the above chapters, the lower MSD capability information can be communicated by using the following parameters:
· UL configuration:
· 1UL band 1CC (i.e. nXA)
· 1UL band 2CC (i.e. nXB or C or (2A))
· 2UL bands 2CC (i.e. CA_nXA-nYA)
· 2UL bands 3CC (i.e/ CA_nXB-nYA or CA_nXC-nYA), note that the 4CC case (CA_nXBorC-nYBorC) is covered by signalling the two corresponding 3CC cases.
· Victim DL band (one out of two band for 1/2UL cases, third band for 2UL case)
· MSD type: 
· For 1UL band 1CC: harmonic, harmonic mixing, cross band isolation MSD to second band
· For 1UL band 2CC: IMDs to second band
· For 2UL bands 2CC: IMD to one band out of the UL configuration or third band (dual UL cross band in the future)
· For 2UL bands 3CC: triple beat to one band out of the UL configuration or third band 
· Note: this is up to eight types total, including the “all” case. However, per UL configuration and DL victim, four types maximum are needed with an “all” applying per UL configuration. There are MSD types that are not relevant for some UL configurations types. Looking forward, if new MSD types are needed, these would be related to a new type of UL configuration (3UL, more UL CCs, etc.), with a total of eight MSD types appearing to be a comfortable sampling.
· MSD index: 0, 1 corresponding to:
· WC, optional case for harmonic, harmonic mixing and cross-band
· Lowest, highest IMD order for IMDs
· Lower MSD class index: 0 to 7 for the highest power class supported by the UE, for a given UL configuration
· This can be communicated in relation to:
· The UL configurations linked to the highest order DL configuration supported and that is valid for all fallbacks (there may be redundancy between different highest order DL configurations)
· The lowest order (two bands or three bands) at which the MSD issue exists for a given UL configuration (consistent with how band combinations are specified) and propagated to upper DL configurations (no redundancy) 
· Upon request of the network and if supported by the UE, a lower MSD class can be reported for a lower power class.

If the signalling design is a RAN2 responsibility, we believe it is important to communicate the logic and parameter sizes that are relevant to cover how MSD is specified in RAN4, and especially how the MSD types are linked to the UL configuration and victim band. Assuming all of the above, we can now formulate a complete set of proposals for the lower MSD capability.

Proposal on RAN4 requirements and conformance test:
· Lower MSD capability shall not result in additional MSD test points
· Lower MSD classes are defined in the RAN4 specification
· Lower MSD conformance test reuses the RAN4 MSD test point parameters and only changes the MSD value by the upper bound of the declared lower MSD class. And, similar to the specified MSD, only the highest supported power class per UL configuration is verified
· RAN5 is informed by RAN4 on how to handle the lower MSD class reporting and corresponding MSD thresholds for the same test point.

Proposal on lower MSD reporting:
· The UE reports the MSD class per UL configuration, Victim band, UL configuration type, MSD type and MSD index for the highest supported power class for this UL configuration
· Upon request and if supported by the UE, the same can additionally be reported for a lower power class 
· Capability inheritance is a RAN2 responsibility but RAN2 can be informed that a given MSD type in a given victim band is related entirely to the supported UL configuration.

Proposal on lower MSD types:
· MSD types are communicated per UL configuration and victim band
· 4 UL configuration types are needed as of today:
· 1UL 1CC
· 1UL 2CC
· 2UL 2CC
· 2UL 3CC
· 8 MSD types per UL configuration is sufficient (currently it is 4 per MSD type)
· UL harmonic, Harmonic mixing and cross band isolation MSD types for 1UL 1CC UL configuration type
· IMD type for 1UL 2CC UL configuration type
· IMD type for 2UL 2CC UL configuration type
· Triple beat type for 2UL 3CC UL configuration type
· Additional MSD type “all” is added:
· This MSD type is valid for all MSD types related to one UL configuration type
· Optionally one exception to the type “all” can be signalled with a lower or higher lower MSD class value under a given MSD type.

Proposal on MSD order: Instead of MSD order, an MSD index is used
· For Harmonic, harmonic mixing and cross band isolation, index 0 is the worst-case MSD test point, index 1 is the optional second test point for the 1UL 1CC UL configuration type
· For IMDs, index 0 correspond to the lowest IMD order (largest MSD) and index 1 to the next higher IMD order:
· Within IM2 to IMD5 for the 2UL 2CC UL configuration type related IMDs
· Within IMD3 to IMD9 for the 1UL 2CC UL configuration type related IMDs (but maximum 2 order possible)
· IMD3 for triple beat related MSD for 2UL 3CC UL configuration type.

Proposal on lower MSD classes:
· 8 lower MSD class values are used for the same test point according to the following table:
Table 1: proposed scheme for a reduced number of lower MSD classes
	Lower MSD class
	Reported
MSD range [dB]
	Lower MSD class
	Reported
MSD range [dB]

	I
	MSD≤0.5dB
	V
	5.5dB < MSD ≤ 8.5dB

	II
	0.5dB < MSD ≤ 1.5dB
	VI
	8.5dB < MSD ≤ 12dB

	III
	1.5dB < MSD ≤ 3dB
	VII
	12dB < MSD ≤ 16dB

	IV
	3dB < MSD ≤ 5.5dB
	VIII
	16dB < MSD ≤ 20dB



Proposal on 0dB MSD region concept:
· 0dB MSD region concept is not developed further in Release 18 and no dedicated test or signalling is designed for it
· Instead, in Release 19, a set of rules are studied to derive MSD improvement compared to specified or declared lower MSD class versus (for example purposes, and not intended to be exhaustive):
· Offset from the test point frequencies (DL and UL)
· CBW of the UL aggressor(s) and DL CBW of the victim band
· UL RB allocation
· Output power.
Conclusions
In this contribution, we further developed our proposals in [4] in the light of the agreements achieved in WF [1] and address other proposed options.

Proposal on RAN4 requirements and conformance test:
· Lower MSD capability shall not result in additional MSD test points
· Lower MSD classes are defined in the RAN4 specification
· Lower MSD conformance test reuses the RAN4 MSD test point parameters and only changes the MSD value by the upper bound of the declared lower MSD class. And, similar to the specified MSD, only the highest supported power class per UL configuration is verified
· RAN5 is informed by RAN4 on how to handle the lower MSD class reporting and corresponding MSD thresholds for the same test point.

Proposal on lower MSD reporting:
· The UE reports the MSD class per UL configuration, Victim band, UL configuration type, MSD type and MSD index for the highest supported power class for this UL configuration
· Upon request and if supported by the UE, the same can additionally be reported for a lower power class 
· Capability inheritance is a RAN2 responsibility but RAN2 can be informed that a given MSD type in a given victim band is related entirely to the supported UL configuration.

Proposal on lower MSD types:
· MSD types are communicated per UL configuration and victim band
· 4 UL configuration types are needed as of today:
· 1UL 1CC
· 1UL 2CC
· 2UL 2CC
· 2UL 3CC
· 8 MSD types per UL configuration is sufficient (currently it is 4 per MSD type)
· UL harmonic, Harmonic mixing and cross band isolation MSD types for 1UL 1CC UL configuration type
· IMD type for 1UL 2CC UL configuration type
· IMD type for 2UL 2CC UL configuration type
· Triple beat type for 2UL 3CC UL configuration type
· Additional MSD type “all” is added:
· This MSD type is valid for all MSD types related to one UL configuration type
· Optionally one exception to the type “all” can be signalled with a lower or higher lower MSD class value under a given MSD type.

Proposal on MSD order: Instead of MSD order, an MSD index is used
· For Harmonic, harmonic mixing and cross band isolation, index 0 is the worst-case MSD test point, index 1 is the optional second test point for the 1UL 1CC UL configuration type
· For IMDs, index 0 correspond to the lowest IMD order (largest MSD) and index 1 to the next higher IMD order:
· Within IM2 to IMD5 for the 2UL 2CC UL configuration type related IMDs
· Within IMD3 to IMD9 for the 1UL 2CC UL configuration type related IMDs (but maximum 2 order possible)
· IMD3 for triple beat related MSD for 2UL 3CC UL configuration type.

Proposal on lower MSD classes:
· 8 lower MSD class values are used for the same test point according to the following table:
Table 1: proposed scheme for a reduced number of lower MSD classes
	Lower MSD class
	Reported
MSD range [dB]
	Lower MSD class
	Reported
MSD range [dB]

	I
	MSD≤0.5dB
	V
	5.5dB < MSD ≤ 8.5dB

	II
	0.5dB < MSD ≤ 1.5dB
	VI
	8.5dB < MSD ≤ 12dB

	III
	1.5dB < MSD ≤ 3dB
	VII
	12dB < MSD ≤ 16dB

	IV
	3dB < MSD ≤ 5.5dB
	VIII
	16dB < MSD ≤ 20dB



Proposal on 0dB MSD region concept:
· 0dB MSD region concept is not developed further in Release 18 and no dedicated test or signalling is designed for it
· Instead, in Release 19, a set of rules are studied to derive MSD improvement compared to specified or declared lower MSD class versus (for example purposes, and not intended to be exhaustive):
· Offset from the test point frequencies (DL and UL)
· CBW of the UL aggressor(s) and DL CBW of the victim band
· UL RB allocation
· Output power.
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