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1. Introduction
In last meeting, a WF on study for lower MSD signaling design has been approved [1]. In this contribution, we focus on remaining lower MSD capability discussion.
2. Discussion
2.1 Conditions to indicate the lower MSD capability
Candidate operations of conditions to indicate the lower MSD capability is listed as below:
	· 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. If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD (Samsung, HW)
· Option 1a: On top of option 1, some clarification of conditions to be reflected in the spec (Samsung)
	Specified MSD
	Condition to report lower MSD capability

	＞The maximum lower MSD threshold
	1. The actual MSD should be at least less than the maximum lower MSD threshold
1. The actual MSD should be improved at least by X dB against a specified MSD

	＜The minimum lower MSD threshold 
Note: If the minimum lower MSD threshold is 0, then this case is not needed.
	No need to report lower MSD capability

	Fall into the interval of two adjacent lower MSD thresholds
	1. The actual MSD should be at least one-level lower than the specified MSD in terms of lower MSD capability class
1. The actual MSD should be improved at least by X dB against a specified MSD

	Note: The exact value of X should be determined after the lower MSD thresholds are concluded


· Option 1b: An impairment can indicate lower MSD if it has sufficient improvement compared to the value in the standard such that it at least falls into the next lower MSD threshold range in the agreed MSD table (QC)
· Option 1c: If UE reports the lower MSD capability, the reported MSD value should be improved at least by [3] dB against a specified MSD (ZTE)
· Option 2: 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 (Spreadtrum).
· Option 3: UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. (Meta, [vivo], [Xiaomi])
· Additionally, it is unnecessary to report the Lower MSD values in case the specified MSD itself is small or the MSD improvement is not significant. The small MSD improvement will be discussed in different sub-topic based on the specific band combinations (Meta)
· Option 4: The UE can declare a low MSD class if its upper bond is at least 1dB better that the RAN4 specified MSD (Skyworks)
· Option 5: A per UE lower MSD capability may also be needed in addition to other lower MSD parameters as an early indication of the per UE capability would prevent network from unnecessary triggering of lower MSD signaling for UE without the lower MSD capability at all (Apple)



UE report its MSD performance information by new MSD capability, which will be used when gNB perform scheduling algorithm or configure/active Scell. Beside MSD capability, gNB also take other factors into consideration before making any conclusion, e.g. channel state, target DL/UL throughput. Usually, several dB (e.g. 1-2dB) MSD enhancement will not change final scheduling decision because the accuracy of all inputs factors for scheduling algorithm are comparable or larger than several dB (e.g. 1-2dB). so usually, there should be certain threshold for triggering UE MSD enhancement capability.
Observation 1: several dB (e.g. 1-2dB) MSD enhancement will not change final scheduling decision because the accuracy of all inputs factors for scheduling algorithm are comparable or larger than several dB (e.g. 1-2dB).
From above analysis, following option 1 is OK for us.
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. If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD
2.2 how to reduce capability overhead
In previous meeting, operators proposes that if MSD capability overhead is heavy, this feature may not be used in commercial network. so it’s better to find out how to reduce capability overhead.
Observation 2: to make MSD capability used in commercial network, it’s better to study how to reduce capability overhead.
One solution is to allow gNB query UE capability and UE only report certain capability filtered by gNB’s query information. Such query information may include following information, e.g. band combinations, Power class, Tx power, aggressor and victim CBW, victim operation band.
Proposal 1: to reduce MSD capability overhead, one solution is to allow gNB query UE capability and UE only report certain capability filtered by gNB’s query information. Query information could include following information, e.g. band combinations, power class, Tx power, aggressor and victim CBW, victim operation band.
2.3 power related report for MSD
In last meeting, the agreement is listed as below:
	Agreement: 
· 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
· 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 performance is related to Tx power, for example, 3dB max output power difference may lead to max 10dB MSD difference. Larger Tx power at UE side, better throughput for UL but may lead to worse MSD for DL. in some extreme case, when UE transmit with max power to maximize UL performance, certain DL victim RB can’t be allocated due to much severe MSD. Therefore, gNB needs the relationship between UL Tx power and DL MSD performance to trade off UL and DL performance.
Observation 3: gNB needs the relationship between UL Tx power and DL MSD performance to trade off UL and DL performance.
Following list several solutions for relationship between MSD capability and Tx power:
· Solution 1: categorize MSD with several typical Tx power level. But this method requires UE to have the information for different Tx power levels, heavy workload at UE side. 
· Solution 2: filter MSD for different power with filtering parameter when query UE capability. Same shortcoming as solution1, heavy workload at UE side to find out the relationship between MSD and Tx power
· Solution 3: additional information to show under which Tx power, all MSD would be negligible/acceptable. gNB could use this information for final UE scheduling algorithm and deciding final UE Tx power
· This information help gNB to know which UE could be allocated to MSD-victim RB since the MSD is negligible for this UE when it is at cell center with less target Tx power. 
· in some cases when DL throughput is bottleneck, gNB could reduce UE Tx power to make the MSD acceptable for DL. This MSD information help gNB fully utilize all RBs even for the RB with severe MSD by sacrificing UE Tx power.
· Regarding how to identify MSD is negligible/acceptable, one solution is when MSD is less than lowest MSD threshold among UE capability, then MSD is assumed as negligible. For example when the lower MSD threshold is defined as 3dB, the UE could report corresponding Tx power under which condition all types and orders MSD could be less than 3dB.
According to above analysis, solution 3 is more preferred.
In last meeting, a new MSD type “ALL” is approved. The Solution 3 is much like the enhancement for the type “ALL” with Tx power information to show under which Tx power, all MSD is acceptable. 
Proposal 2: it’s suggested to allow UE report under which Tx power all the MSD values would be negligible/acceptable. This information could help gNB to know which UE could be allocated to MSD-victim RB since the MSD is negligible for this UE when it is at cell center with less target Tx power.
3. Conclusions
In this contribution, MSD capability related issues are discussed with following observations and proposals:
Observation 1: several dB (e.g. 1-2dB) MSD enhancement will not change final scheduling decision because the accuracy of all inputs factors for scheduling algorithm are comparable or larger than several dB (e.g. 1-2dB).
Observation 2: to make MSD capability used in commercial network, it’s better to study how to reduce capability overhead.
Proposal 1: to reduce MSD capability overhead, one solution is to allow gNB query UE capability and UE only report certain capability filtered by gNB’s query information. Query information could include following information, e.g. band combinations, power class, Tx power, aggressor and victim CBW, victim operation band.
Observation 3: gNB needs the relationship between UL Tx power and DL MSD performance to trade off UL and DL performance.
Proposal 2: it’s suggested to allow UE report under which Tx power all the MSD values would be negligible/acceptable. This information could help gNB to know which UE could be allocated to MSD-victim RB since the MSD is negligible for this UE when it is at cell center with less target Tx power.
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