[bookmark: Title][bookmark: DocumentFor][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 106bis-e	R4-2304663
Electronic Meeting, Apr. 17 – 26, 2023

Source:	LG Electronics
Title:	Discussion for lower MSD threshold
Agenda item:	5.5.2.3.1
Document for:	Discussion


[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In the last meeting, there were detailed discussions and agreements regarding the lower MSD capability signaling. In this contribution, we analyze the MSD in TS38.101-1 and we would like to share our point of view for lower MSD capability signaling.[1]
Discussion
2.1 MSD analysis in TS 38.101-1
We analyze the MSD in TS38.101-1 clause 7.3A and the summary table is shown in table 1. Fig 1~12 show the number of exceptional case according to lower MSD threshold value for each MSD type and power class. The exceptional case indicates the number of cases with values higher than the lower MSD threshold when the lower MSD threshold is set.

Table 1 Summary for MSD analysis in TS 38.101-1
	
	MAX MSD value
	Number of MSD combinations
	Average MSD value

	Harmonic
	PC3
	28.1
	86
	9.9

	Harmonic mixing

	PC1.5
	37.0
	18
	21.8

	
	PC2
	34.0
	22
	17.9

	
	PC3
	37.8
	47
	13.9

	IMD
	PC2(2D2U)
	34.7
	19
	21.0

	
	PC2(3D2U)
	37.6
	34
	23.5

	
	PC3(3D2U)
	32.5
	94
	13.5

	
	PC3(3D2U)
	31.3
	309
	14.5

	Cross band isolation
	PC1.5
	13.3
	9
	5.4

	
	PC2
	10.5
	13
	3.8

	
	PC3
	31.3
	50
	5.9

	Total
	
	701
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	Fig.1 The number of exceptional cases when applying threshold values to the harmonic (PC3) MSD type.
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	Fig.2 The number of exceptional cases when applying threshold values to the harmonic mixing (PC1.5) MSD type.
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	Fig.3 The number of exceptional cases when applying threshold values to the harmonic mixing (PC2) MSD type.
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	Fig.4 The number of exceptional cases when applying threshold values to the harmonic mixing (PC3) MSD type.
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	Fig.5 The number of exceptional cases when applying threshold values to the IMD D2U2 (PC2) MSD type.
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	Fig.6 The number of exceptional cases when applying threshold values to the IMD D3U2 (PC2) MSD type.
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	Fig.7 The number of exceptional cases when applying threshold values to the IMD D2U2 (PC3) MSD type.
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	Fig.8 The number of exceptional cases when applying threshold values to the IMD D3U2 (PC3) MSD type.
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	Fig.9 The number of exceptional cases when applying threshold values to the cross band isolation  (PC1.5) MSD type.
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	Fig.10 The number of exceptional cases when applying threshold values to the cross band isolation (PC2) MSD type.
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	Fig.11 The number of exceptional cases when applying threshold values to the cross band isolation (PC3) MSD type.



We can observe the big differences of MSD values according to MSD types(harmonic, harmonic mixing, intermodulation and cross band isolation) and power classes(PC1.5, PC2 and PC3). Threrfore, applying the identical MSD threshold value for all MSD types and power classes is difficult. To reflect characteristic of MSD according to types and power classes, we need to determine distinct MSD thresholds for each type and power class.

Observation 1:  There are big differences of MSD values according to MSD types(harmonic, harmonic mixing, intermodulation and cross band isolation) and power classes(PC1.5, PC2 and PC3).

Proposal 1: Consider the separate lower MSD thresholds and granularity for each MSD types(harmonic, harmonic mixing, intermodulation and cross band isolation) and power class.

When determining the threshold for lower MSD, there are two cases to consider, each with its own advantages and disadvantages.
	If the lower MSD threshold value is set low
Advantages
■The lower MSD capability signalling format can be constructed with fuewer bits, reducing the signalling overhead caused by lower MSD capabilities.

Disadvantages
■ If there is a significant difference between the lower MSD threshold value and the MSD value in the specifications, it may be difficult to apply lower MSD to band combinations that have a large MSD value.

If the lower MSD threshold value is set high
Advantages
■ Lower MSD can be easily applied to more band combinations.

Disadvantages
■ Even if UE reports an improved MSD, the network may still consider reported lower MSD value to have  a large MSD.
■ If the lower MSD capability signalling format is constructed with low bits, it may have a large granularity. This can lead to the following problem.
■ If the UE that has 6 dB MSD for specific band combination reports 5 dB < actual MSD <=10 dB, the network may consider the actual MSD of UE is 10 dB, which can lead to a large discrepancy between the UEs MSD value and the MSD value used by the network.




Observation 2:  There are both advantages and disadvantages for low and high threshold value for lower MSD. We need to consider advantage and disadvantage for determining lower MSD threshold value.

Proposal 2: Consider the ratio of exceptional case to determine the lower MSD threshold.
■Ratio of exceptional case = number of exceptional case for lower MSD threshold/total number of combination
e.g. assuming the 15 dB threshold for harmonic PC3 MSD, the number of exceptional case is 17 and ratio of exceptional case is 19.76 (17/86) %.

2.2 Proposed MSD threshold configuration
If the difference between the MSD value in the existing band combination and the lower MSD threshold is large, it may be difficult to improve to the lower MSD threshold in that combination. For example, if the MSD value in the existing specification is 37, and the device improves 15 dB in a band combination, it cannot be reported as lower MSD if the lower MSD threshold is 20 dB. This means that if the MSD is improved by 15 dB from 37 dB, the resulting communication performance is significantly different, but the network cannot utilize it. This means that the difference between the MSD value of the UE and the MSD value utilized by the network can be as large as ([maximum MSD value in MSD type] - [maximum lower MSD threshold value]), and to improve this, combinations with large MSD should be considered for reporting lower MSD. However, setting a high lower MSD threshold and allocating fewer bits may cause granularity issues with the lower MSD threshold. The lower MSD granularity size can lead to a difference between the MSD of the UE and the MSD value utilized by the network. To solve this problem, many bits can be utilized, but this can cause signaling overhead. The table below summarizes the difference between the MSD value of the UE and the MSD value utilized by the network.

Table 2 Maximum MSD error between UE and network
	-Threshold error
Threshold error = “maximum MSD value” – “maximum lower MSD threshold value”
Ex) Assuming harmonic mixing PC3 with lower MSD maximum threshold value = 15 dB, Threshold error = 22.8 dB.

-Lower MSD granularity error
Lower MSD granularity error = “lower MSD granularity size”
Ex) lower MSD garanularity about 5 dB, lower MSD granularity error = 5 dB.



As a way to compensate, we should consider applying multi granularity to the lower MSD threshold table. Set the granularity by distinguishing between MSD range with a relatively large number of band combinations and other ranges. We can use the ratio of exceptional case [60]% for this range. For example, this could be applied as table 3.

Table 3 Lower MSD threshold for harmonicmixing PC3
	Bit
	Threshold

	000
	Actual MSD = 0

	001
	0<Actual MSD ≤3

	010
	3<Actual MSD ≤6

	011
	6<Actual MSD ≤ 9

	100
	9<Actual MSD ≤ 15

	101
	15<Actual MSD ≤ 21

	110
	21<Actual MSD ≤ 27

	111
	27<Actual MSD ≤ 33



Observation 3: There are both threshold error and lower MSD granularity error in lower MSD capability table. We should consider threshold error and lower MSD granularity error.
Proposal 3: Consider the multi granularity by distinguishing between MSD range with a relatively large number of band combinations and other ranges like table 3.

Conclusion
In this contribution, we provide our point of view for lower MSD threshold and granularity.

Observation 1: There are big differences of MSD values according to MSD types(harmonic, harmonic mixing, intermodulation and cross band isolation) and power classes(PC1.5, PC2 and PC3).

Observation 2: There are both advantages and disadvantages for low and high threshold value for lower MSD. We need to consider advantage and disadvantage for determining lower MSD threshold value.

Observation 3: There are both threshold error and lower MSD granularity error in lower MSD capability table. We should consider both threshold error and lower MSD granularity error.

Proposal 1: Consider the separate lower MSD thresholds and granularity for each MSD types(harmonic, harmonic mixing, intermodulation and cross band isolation) and power class.

Proposal 2: Consider the ratio of exceptional case to determine the lower MSD threshold.
■Ratio of exceptional case = number of exceptional case for lower MSD threshold/total number of combination
e.g. assuming the 15 dB threshold for harmonic PC3 MSD, the number of exceptional case is 17 and ratio of exceptional case is 19.76 (17/86) %.

Proposal 3: Consider the two(multi) granularity by distinguishing between MSD range with a relatively large number of band combinations and other ranges like table 3.

Table 3 Lower MSD threshold for harmonicmixing PC3
	Bit
	Threshold

	000
	Actual MSD = 0

	001
	0<Actual MSD ≤3

	010
	3<Actual MSD ≤6

	011
	6<Actual MSD ≤ [9]

	100
	[9]<Actual MSD ≤ [15]

	101
	[15]<Actual MSD ≤ [21]

	110
	[21]<Actual MSD ≤ [27]

	111
	[27]<Actual MSD ≤ [33]
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