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Introduction
[bookmark: _Hlk115189237]In RAN4#106b-e, there were several inputs to the design of the low MSD capability signaling, and we provided our input in [2]. The inputs were diverse, and the options were captured in the way forward [2]. In this contribution, we provide further input and justification for a simple design allowing a low overhead while allowing the scheduler to optimize the performance of all UEs.
Discussion
In RAN4#106b-e, WF [1] has captured a number of agreements on the low MSD requirement and signaling:
· UE is allowed to report lower MSDs for different power classes
· FFS on how UE reports to reduce the signaling overhead
· 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
· 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
On the other end, there are still multiple options on the table on many topics:
· Conditions to indicate the lower MSD capability
· 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)
· Option 3: Others (Meta, MediaTek, Apple)
· 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)
· Candidate MSD thresholds:
· 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)
· 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 signaling 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
· Other approaches for lower MSD capability reporting:
· [bookmark: _Hlk132991989]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)

As shown from the long list of options, RAN4 is still actively evaluating many signaling designs approaches and their associated requirements. In our view, the proposals and positions are basically of two camps:
· One evaluates a simple very good/good/acceptable/bad UE flag to be sent to the NW for the different MSD types to facilitate the scheduling of all the UEs
· The other considers reporting any MSD improvement, regardless of whether this is actually an issue in the NW or not and of use to the scheduler. This may be seen more as a beauty contest, where every UE would declare its qualities (or possibly some large data input for AI).
In this contribution, we will provide elements with the objective of reaching a common understanding of the performance issues we are trying to solve.
Inter-band MSD types
In the previous meeting, we provided an exhaustive view of the different MSD types in an effort to understand the scope of the signaling. It was probably too complex and thus, missed the objective of providing a common view on the MSD issues, types, orders and severity. We are making a new attempt, with the simplified Table 1 below. Most of the data is from 38.101-1, except for the triple beat cases, which are from 38.101-3. Also, the MSD to the unlicensed bands is not considered (as this may deserve REFSENS exclusions, such as done for harmonics).
Table 1: MSD types, orders values per number of UL bands and UL CCs
	#UL bands
	1 UL band
	2 UL bands

	#UL CC
	1CC
	2CC cont.
	2CC NC
	1CC/band
	3CC with two cont.

	Power class 
	PC3, 2, 1.5
	PC3, 2
	PC3+, 2+, 1.5 (+ means option for increased power)

	MSD types
	UL harmonics
	Harmonic mixing
	Cross band isolation
	IMDs of the two CC allocations
	IMD to own DL
	IMD to third DL
	New 2UL cross band
	Triple beat to own DL
	Triple beat to third DL

	Maximum
Order
	UL5
	DL 5, UL4 (sum up to 7)
	ACLR range
	IMD9 n41C NS04
	IMD7 n77/78
(2A) 
	IMD5
	IMD5
	DL within ACLR 2 of 2ULs
	Only first order triple beat (IMD3) considered

	Order: WC MSD (dB) for PC3
	UL2: 28.1
UL3: 13
UL4: 10.8
UL5: 10.4
	UL1/DL2: 8.3
UL1/DL3: 37.8
UL1/DL4: 5.7
UL1/DL5: 31
UL2/DL3: 22.6
UL3/DL2: 8.3
UL4/DL3 :8.3
	A1: 31.3
A2: 21.9
A3: 22.3
A4: 18.1
>A4: 13.3
	I5: 32.5
I7: 8.5
I9: 2.7
	I4: 8.6
I5: 15
I7: 3.2
	I2: 31
I3: 25
I4: 15
I5: 6.4
	I2: 32.1
I3: 23
I4: 12.1
I5: 8
	A1+A1: >25?
A2+A1: 3.1
	18.9
	20

	Type
	1
	2
	3
	4a
	4b
	5
	5
	7
	6
	6



Observations:
· Table1 above is organized by UL configurations which is the relevant granularity for the low MSD signaling
· Only 1UL/1CC has up to three types, all other cases have one type for 2DL or 3DL (only exception is the new 2UL cross band for 2UL/2CC)
· In most cases there are only four valid orders per MSD types, except:
· Harmonic mixing which has combinations of DL and UL orders and it can be re-arranged in four flavors:
· UL1/DL3or5
· UL1/DL2or4
· UL2/DL3
· UL>2/DL2or3
· Cross band isolation. However the spec has ACR1, ACLR2, >ACLR2. In our estimation, it seems of interest to change to 4 cases: ACLR1, ACLR2, ACLR3, >ACLR3
· 1UL 2CC cases are almost exclusively related to n41, n77 and n78, with each only containing three orders that are relevant but a fourth could exist with IMD3 (very high MSD)
· Triple beat cases only exists in 38.101-3 but some pending CRs exists for in 38.101-1. Only one order is considered
· There are several cases where MSD is >20+3dB (in red highlight in Table 1)
· Since this observation is for PC3, one can anticipate that PC2 and PC1.5 would be skewed by 3dB and 6dB respectively (though there was insufficient time to verify this assumption)
· It is extremely rare that a given UL configuration results in two MSD cases of the same type, in the same victim band: the only cases are for IMDs, and for cases where two test points have been agreed upon. However, it is unclear how one could improve one MSD case without the other, except for when MSDs have an independent source which is the case for even versus odd IMD orders.

Given the above observations, we draw the following conclusions:
· A maximum low MSD threshold of approximately 20-25dB seems suitable for PC3
· Apart from rare exceptions, it should be feasible to declare a low MSD value per type that is valid for all orders (note that there only rare cases where multiple orders of the same type result in an MSD in the same victim).
· The only case that would require more investigation is type 4 and 5 for odd vs even orders
· Type 4a and 4b are also recent cases and exhibit significant MSD. However, this is for UL configurations that have only 1RB per CC in the worst possible position. This is an extreme case in the NW, and was chosen to ease the test.
· Triple beat MSD is relatively new and may not be a priority for low MSD. It is also only critical when there is only 1RB per CC at the worst position, thus extremely rare in the NW similar to type 4. In any case, IMD signaling framework should apply.
· The 2UL cross band cases are still under discussion and since these are only seen in two LBLB cases, they can be ignored for now.
Reporting MSD sources
To report an MSD source in a given victim band, the source is first categorized in terms of the number of UL bands and the number of CC per band. This is part of the band combination support being declared by the UE:
· 1UL/1CC: Three types: harmonic, harmonic mixing, cross-band isolation
· For a given UL configuration only the 1UL/1CC has multiple types of MSDs. It is extremely rare that there are multiple order issues within one type, and assuming this is the case, it is unclear how the different orders would not be improved simultaneously
· For 1UL/1CC, only one signaled low MSD class for the worst case per type is sufficient. The order declaration is not helpful.
· For the same type of MSD, there can be multiple test points depending on the victim DL BW. However, it is clear that improving the worse MSD also improves the best case.
· When there are multiple test points for the same MSD case (cross band), the low MSD class signaling correspond to the worst case that the UE supports.
· 1UL/2CC: 1 type: IMDs of the 2CC. There can be two test points, but typically only one is testable and there are no case where a given configuration results in an MSD due to both even and odd order IMDs
· Order declaration is not helpful
· 2UL/2CC: 1 type: IMDs of the 2CC. There can be multiple IMD order issues for a given UL configuration, but improving the worst case even or odd order should improve the higher order, respective to even or odd orders
· There could be one declaration for the worst case even and the worst case odd order IMD
· 2UL/3CC: 1 type: triple beat (can be considered as IMD)
· Order declaration is not helpful (there is only one order specified)

In some cases, it may even be feasible to report a single low MSD value for all the types and orders. Such a “bundling” of signaling is desirable.
Reporting for different power classes
To reduce the amount of signaling, the UE can report the low MSD threshold for the highest power class it supports. Some derating of the threshold can then be assumed by the network when the UE is configured or falls back to a lower power class:
To be conservative, the MSD threshold is derated by 2dB for every 3dB lower power class, as compared to the power class declared.
Threshold setting
As discussed earlier, a maximum threshold of 20-25dB for PC3 seems sufficient as there are only a few cases where RAN4 has specified >25dB MSD. Even if there are cases with MSDs up to 38dB, the network can only treat UEs differently, (ie schedule them with the worst case configuration) if the improved MSD reaches below 20-25dB.
When examining the different MSD types, they all can reach up to 30dB (This would be true for the 1UL/2CC case if IMD3 is involved, as for example n41C UL for CA_n40-n41 in the future). Thus, we do not see a reason to adapt the MSD thresholds with the MSD type.
The only case where a different threshold may be needed is for different power classes, However, in a given network, there will be UEs supporting different power classes and a reliable UE should not depend on the power class for the NW to schedule them differently. One method is to change only the highest threshold with the power class. Although, as already discussed, it may be feasible that the UE declares its low MSD only for the highest power class it supports.

Our focus in designing the threshold values should be to understand which granularity would benefit the NW with the scheduling of all UEs. 

And for this, several aspects should be clear for everyone:
· The reported and tested MSD is only conducted, and the REFSENS over the air is variable, which is usually worse depending on the UE antennas performance, the user interaction with the antennas and the UE environment (indoor/outdoor…)
· The MSD is only for a worst-case RB allocation at maximum power. Thus, what the NW needs to know, is whether is can schedule a UE with the worst-case allocation or not.
· Even a declared 0dB MSD does not make a UE better than another UE in the field, as any other UEs may not experience any de-sense because they are not scheduled with the worst-case allocation, are not at max power, receives strong signal anyhow, This despite the fact that they do not declare low MSD
· Conversely a UE that declares 0dB MSD could be in a worse receive condition due to interference, as compared to another UE that does not declare a low MSD.
· Finally, there are a substantial number of legacy UEs have already possess excellent performance and have much better MSD than what is captured in the RAN4 specification. Theses already benefit the network and the users without any complex signaling in place.

With all the above aspects it is clear that a very fine granularity would only allow UEs to claim better performance against a tester versus another UE (beauty contest) while even a 3dB better claimed performance can be easily lost in the real-life performance with poor antenna performance, user interaction or critical link conditions.
· Thresholds should be at least 3dB apart.
Furthermore, at higher MSD values, whether one UE is 5dB better than another one may not change how the NW needs to pay attention in the scheduling.
· Thresholds should not be linear and MSD classes increase in size with increasing MSD.
· Declaring a low MSD should be permitted as long as the improvement is below the highest threshold
Conformance test
In our view, a lower MSD capability needs to be verifiable and not induce new test points. Thus, is should use the MSD test points already defined for each MSD type and only the target MSD value is changed due to the declared upper bound of the low MSD class. As for any conformance test, if the test fail, the UE would have to be re-assessed either with no or a different low MSD capability signaling.
s
With this principle in mind, there are a number of proposals are not workable:
· Low MSD should not report values per DL or UL CBW. Only when there are multiple test points for the same mechanism for different DL or UL CBW, the UE reports and is tested for the worst-case MSD test case it can support.
· Reporting 0dB region: this may require the definition of multiple allocation regions as for AMPR and require significant new conformance test
· Reporting MSD reduction versus power reduction, this would again require additional testing. Moreover, the MSD reduction is not something that is linear: for an MSD >20dB every dB of reduction of the interference results in 1dB MSD improvement but at 3dB MSD. To improve MSD by 1dB the interference must be reduce by 2dB. At 1dB MSD, to reach near 0dB MSD the interference must be reduced by 10dB. In any case, the improvement at a lower power level may reach a plateau or not be visible due to interference in the NW.
Proposal for low MSD signaling
Based on the above discussion we present a series of proposals with simplicity in mind, and with the goal to limit the overhead and be a good fit to facilitate the scheduling of all UEs in the network. We believe this is a big step forward, and we envision further enhancements in future releases based on the return from experience in products.

Proposal on MSD types to be signalled: 
· Six different low MSD types signaling for R18 + 3 in R19
· One specific MSD type can be signaled on top of the “All” MSD type if significantly better MDS class
· New MSD types can be added as new MSD requirements are developed in RAN4 one release after the new requirement framework is finalized.
	MSD type
	UL conf.
	DL conf.
	Signaling scope 
	Priority

	All
	Any
	2/3DL bands
	· Low MSD class per victim band valid for all possible MSD per UL configuration
	R18

	UL Harmonics
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Harmonic mixing
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Cross-band isolation
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD for the UL/DL CBW the UE supports
	R18

	IMD
	2UL/2CC
	2/3DL bands
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R18

	
	1UL/2CC
	2DL band
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R19

	
	2UL/3CC
(2 cont.)
	2/3DL bands
	· Low MSD class per triple beat victim band
	R19



Proposal on MSD classes for all MSD types and power class: 
· The UE declares the MSD class is supports per MSD types it supports for the highest power class it supports
· The UE declares the MSD class for the worst-case UL/DL CBW combination it supports
· The UE cand declare a low MSD class if its upper bond is at least 1dB better that the RAN4 specified MSD.
	MSD type
	MSD 

	No signaling
	Legacy and default: MSD as specified in RAN4 spec

	MSD class I
	MSD <1dB for all power class

	MSD class II
	MSD <5dB for all power class

	MSD class III
	MSD <15dB for PC3, <16dB for PC2, <17dB for PC1.5

	MSD class IV
	MSD <20dB for PC3, <22dB for PC2, <24dB for PC1.5



Proposal on conformance test: 
· All low MSD capability signalled should be verified
· No additional test or test point is added or tested for UEs signaling low MSD
· When a low MSD class is signaled it is valid for all power classes and the worst-case CBW combinations that the UE supports using the normal test points where the MSD requirement is replaced by the upper bound of the MSD class signaled per power class tested.
Conclusions
In this contribution, we evaluated all the different inter-band MSD types, orders, values and mechanisms. We also discussed the low MSD capability granularity, with the goal of facilitating the scheduling of all UEs in the NW. We arrive at the following proposals.

Proposal on MSD types to be signalled: 
· Six different low MSD types signaling for R18 + 3 in R19
· One specific MSD type can be signaled on top of the “All” MSD type if significantly better MDS class
· New MSD types can be added as new MSD requirements are developed in RAN4 one release after the new requirement framework is finalized.
	MSD type
	UL conf.
	DL conf.
	Signaling scope 
	Priority

	All
	Any
	2/3DL bands
	· Low MSD class per victim band valid for all possible MSD per UL configuration
	R18

	UL Harmonics
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Harmonic mixing
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Cross-band isolation
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD for the UL/DL CBW the UE supports
	R18

	IMD
	2UL/2CC
	2/3DL bands
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R18

	
	1UL/2CC
	2DL band
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R19

	
	2UL/3CC
(2 cont.)
	2/3DL bands
	· Low MSD class per triple beat victim band
	R19



Proposal on MSD classes for all MSD types and power class: 
· The UE declares the MSD class is supports per MSD types it supports for the highest power class it supports
· The UE declares the MSD class for the worst-case UL/DL CBW combination it supports
· The UE cand declare a low MSD class if its upper bond is at least 1dB better that the RAN4 specified MSD.
	MSD type
	MSD 

	No signaling
	Legacy and default: MSD as specified in RAN4 spec

	MSD class I
	MSD <1dB for all power class

	MSD class II
	MSD <5dB for all power class

	MSD class III
	MSD <15dB for PC3, <16dB for PC2, <17dB for PC1.5

	MSD class IV
	MSD <20dB for PC3, <22dB for PC2, <24dB for PC1.5



Proposal on conformance test: 
· All low MSD capability signalled should be verified
· No additional test or test point is added or tested for UEs signaling low MSD
· When a low MSD class is signaled it is valid for all power classes and the worst-case CBW combinations that the UE supports using the normal test points where the MSD requirement is replaced by the upper bound of the MSD class signaled per power class tested.
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