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Introduction
Though RAN#93e didn’t approve a new SI or WI for so-called Low MSD as Rel-17, RAN continued to task RAN4 to continue what RAN#92e requested. There have been some raised issues for Low MSD so far in RAN4 as well as RAN meetings. This contribution provides an overview to establish suitable objectives for the future WI for Low MSD. Draft Objective based on this contribution can be seen in our companion paper of [1]. 
Discussion
Relationship between feasibility of Low MSD and signaling
In fact, feasibility study results have been already provided by several contributions [2-5], where more than 20 dB MSD improvement for some band combinations was reported.
Observation 1:  At least more than 20 dB MSD improvement is feasible for some devices in some band combinations.
There are, however, aspects that RAN4 needs to clarify to establish more suitable signaling concept for Low MSD to  make the requirements more meaningful in commercial service. Though a contribution of [2] shared very comprehensive analysis and proposed that “Low MSD capability signaling is per band combination”, it seems still RAN4 needs to discuss further if this proposal is the best or not. As already mentioned in [2], the amount of MSD improvement may be different between source of MSDs such as the order of IMD, harmonics, cross band isolation and harmonic mixing even for the same band combination within the same UE. This is because resolutions in implementation to suppress MSDs may be different MSD source to source or perhaps one resolution may resolve a relevant issue across relevant band combination. For instance, if a PA for a band A is shield, the noise due to harmonic from the PA across the other bands via PCB can be reduced and all the harmonics to hit the other bands within the same UE can be reduced. This shielding may not be able to provide the same amount of improvement for IMD2 due to dual uplink including Band A. In this case, even the UE can have quite smaller MSD for the harmonics but still large MSD for IMD2. Then, if a UE is allowed to report the amount of MSD improvement per band combination, the UE needs to have to report conservative number to accommodate less improved MSDs for IMD2. Then, networks will lose opportunities to handle harmonics in more appropriate way as well as the UE will unnecessarily lose opportunities to get CA configured.  While if it is typical for a UE to have very similar amount of MSD improvement across MSD sources per band combination, the proposal in [2] may make sense. For another example, if Band A+B has IMD and cross band isolation(from Band B UL to Band A DL) MSDs, the shielding of Band A PA may not help to reduce noise on Band A DL from Band B UL at all. Or perhaps, if it is typical for high-end UE devices to have similar amount of MSD improvement across MSD source per band combination, or per UE, that is not the problem. It is, however, that it may not be likely to be according to contributions of [6, 7].
Observation 2:  Still some more discussion is needed to clarify relationship between following aspects.
· The amount of the expected improvement of MSD
· Source of MSD such as harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing
· [bookmark: _Hlk85134340]Per band combination, per source of MSD, or per UE 
Example band combinations
RAN#92e as well as 93e requested RAN4 to study feasibility study, where identification of example band combinations is one of the tasks. The outcome of RAN4#100e discussion in [8] says the following.
CA and DC between band 2/3 (1.8/1.9GHz) and 77/78 (3.5GHz) is one possible example band combination, other band combination for other types are not precluded and depends on choices
In fact, these band combinations have been analyzed at least in [2, 4, 6 and 9]. We, however, think that sources of MSDs for those combinations are overlapped. For instance, MSD issues seen in NR Band 3 + NR Band 78 can be seen in NR Band 3 + NR Band 77 as well. In order to make the discussion simpler, we believe that CA_n3-n77 is sufficient to analyze harmonic, IMDs(2, 4, 5 and 7) and harmonic mixing.  The band combination, however, does not cover cross band isolation. Hence, additional band combinations would be necessary. Among candidate band combinations, CA_n41-n77 for cross band isolation could be candidates since they have the largest MSDs.
Observation 3:  Following band combinations are example ones.
· CA_n3-n77 for harmonics, IMDs and harmonic mixing
· [bookmark: _Hlk85139214]CA_n41-n77 for cross band isolation
Signaling
As discussed in section 2.1, although comprehensive signaling discussion was conducted in [2], considering the  observation 2, basic signaling concept needs to be further discussed. Regarding a way of signaling, there was a proposal to signal a fixed delta like 10 dB meaning that a difference between the actual MSD and the specified MSD is more than or equal to 10 dB, the UE can report the delta. If we take this approach, the amount of the delta, i.e., granularity should be further discussed since too finer granularity increases signaling overhead, but too coarse granularity decreases usefulness of the report. Or, perhaps, multiplication of the delta can be signaled, or the delta must not be necessary to be fixed values. There was, however, a raised concern on the delta in [9] that “Furthermore, if the “low” MSD requirement is defined as 5 dB, wouldn’t it unfair for UEs with 5.5dB MSD to be excluded from using the combination?”. To make the discussion more concrete, we’ll take MSD for PC2 CA_n66-n77 as an example.
Table 2.3-1: MSD test points due to dual uplink operation for PC2 NR CA in NR FR1 (two bands)
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	PC2 CA_n66-n77
	n66
	1730
	5
	25
	1730
	34.33
	FDD
	IMD2

	
	n77
	3860
	10
	50
	3860
	N/A
	TDD
	N/A

	
	n66
	1730
	5
	25
	2130
	11.27
	FDD
	IMD5

	
	n77
	3660
	10
	50
	3660
	N/A
	TDD
	N/A



MSD due to IMD2, i.e., 34.33 dB
Provided that a delta is 10 dB, it means if UE’s MSD is less than or equal to 23.33 (34.33 - 10) dB, i.e., if the UE’s MSD for IMD2 for PC2 CA_n66-n77 is between 0 and 24.33 dB, the UE can report the delta. If the UE’s MSD is 14.33(34.33 - 20), the UE can report 2*delta of 20 dB and so on according to the allowed number of bits for the delta reporting if multiplication of the delta is allowed to be signalled. One of the issues with this fixed delta approach would create a situation that even if a UE can meet MSD of 5 dB, the UE can only report 2*delta of 20 dB in an example shown in Figure 2.3-1. Thus, from a network perspective, the performance looks MSD of 14.33 dB as maximum and it is far beyond from the real performance of 5 dB. If the multiplication of the delta is not allowed, the reported information has even larger difference compared to the actual MSD.
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Figure 2.3-1: Fixed delta with 2 bits and uneven granularity problem
MSD due to IMD5, i.e., 11.27 dB
The other issue would be that if a UE’s MSD due to IMD5 for e.g., PC2 CA_n66-n77 is 2 dB, the UE cannot indicate the delta at all if the granularity of the delta is 10 dB per band combination since the MSD is larger than 1.27(11.27 - 10) dB as shown in Figure 2.3-2.
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Figure 2.3-2: An issue that granularity of delta becomes more rough
The issue can be easily resolved by increasing the granularity, for example, from 10 dB to 5 dB or even smaller values. Although MSD of 11.27 dB requires one bit(to indicate 5, 10 dB) or 2bits( to indicate 5, 10, 11.27), MSD of 34.33 dB requires 3 bits(5, 10, 15, 20, 25, 30, 34.33). However, this resolution significantly increases signalling overhead even more, since currently it is likely for one UE to support multiple band combinations and each of them can have multiple MSD values due to different MSD root causes such as different IMD orders like IMD2, 3 or 5, cross band isolation and/or harmonics etc. Or perhaps, the delta may not need to refer to the specified MSD, but rather can refer to the reference sensitivity, i.e., MSD = 0 dB to resolve the issue in Figure 2.3-2, though this may not resolve some other issues.
Observation 4: A signalling fixed delta value per band combination from the specified MSD would cause at least following issues and delta may not have to refer to the specified MSD but rather refer to reference sensitivity.
A suitable delta value for a certain specified MSD may not be suitable for the other specified MSDs for the same band combination.
In addition, from the observation 3, discussion on if the information on the amount of the improved MSD should be reported per source of MSD, per band combination and/or per UE is needed.
Observation 5: Need to discuss if the information on the amount of the improved MSD should be reported per source of MSD, per band combination and/or per UE.
WI handling
Although we understand that ideally it is more efficient to continue to discuss this as Rel-17 WI, it would not be realistic to handle this as Rel-17 WI if we consider the following aspects.
· Progress in previous RAN4 meetings as well as RAN meeting has been very limited due
· Remaining RAN4 meetings for Rel-17 are only two and a gap between the two meetings is almost three weeks
· The number of dates to prepare for Jan RAN4 meeting is limited considering winter vacation even if the WI would be approved in RAN#94e (Dec)
Moreover, regardless of its release, if this topic is handled in a WI, the WI should be a WI dedicated to this topic and should not be included as one of the topics in an enhancement WI including various topics.
Observation 6:  It would be realistic to handle Low MSD topic in a Rel-18 WI dedicated to this topic.
Conclusion
As a result of the discussion, we obtained the following observations.
Observation 1:  At least more than 20 dB MSD improvement is feasible for some devices in some band combinations.
Observation 2:  Still some more discussion is needed to clarify relationship between following aspects.
· The amount of the expected improvement of MSD
· Source of MSD such as harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing
· Per band combination, per source of MSD, or per UE 
Observation 3:  Following band combinations are example ones.
· CA_n3-n77 for harmonics, IMDs and harmonic mixing
· CA_n41-n77 for cross band isolation
Observation 4: A signalling fixed delta value per band combination from the specified MSD would cause at least following issues and delta may not have to refer to the specified MSD but rather refer to reference sensitivity.
· A suitable delta value for a certain specified MSD may not be suitable for the other specified MSDs for the same band combination.
Observation 5: Need to discuss if the information on the amount of the improved MSD should be reported per source of MSD, per band combination and/or per UE.
Observation 6:  It would be realistic to handle Low MSD topic in a Rel-18 WI dedicated to this topic.
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