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1 Introduction
[bookmark: OLE_LINK25]In last meeting, the lower MSD topic was extensive discussed and a WF[1] was agreed. In this contribution, we continue to discussed some issues about the lower MSD issues.
2	Discussion
[bookmark: OLE_LINK71][bookmark: OLE_LINK23][bookmark: OLE_LINK66]2.1 Existing MSD requirement
[bookmark: _GoBack][bookmark: OLE_LINK41][bookmark: OLE_LINK78][bookmark: OLE_LINK44][bookmark: OLE_LINK45]The agreements was: The minimum requirements in the specification shall be kept unchanged for the lower MSD study. Although it was agreed that the minimum requirements in the specification shall be kept unchanged for the lower MSD study, there may also exist ambiguity that whether or not introduce another minimum requirements (or aka. improved MSD value) into the specification. For example, the existing minimum requirements of 20dB MSD is defined for a certain band combination in the spec, after re-evaluation that 15dB can be improved, which means 5dB MSD can be achieved, then how to treat such 5dB MSD (i.e. improved MSD)? Will it be introduced into TS38.101-1 in a separate table as another minimum requirements which are met via new signalling report or only for the purpose of new signalling design (i.e. the improved MSD of 5dB will not be introduced in TS38.101-1 spec.)
[bookmark: OLE_LINK42][bookmark: OLE_LINK46][bookmark: OLE_LINK48]At the end of the last meeting, almost all of the capability related issues are open, but our understanding is that the improved MSD values should not be defined in TS38.101-1 spec. In other words, no need to defined another new set of MSD values in the spec. 
[bookmark: OLE_LINK14]Proposal 1. No need to defined another new set of MSD values in the TS38.101-1 spec, i.e. the improved MSD values (i.e. the new MSD value) should not be defined in TS38.101-1 spec. 
2.2 Improved MSD
In this section, we share some analysis on how much MSD can be improved for some of the agreed candidate band combination by using more aggressive values of PCB isolation and antenna isolation.
Actually, as we discussed in [2], there are several methods to improve the MSD. The MSD defined in the specification are largely depends on the calculation, especially for the larger MSD. Of course, few of the companies provided the measurements on some MSD but such MSD values are usually small.
[bookmark: OLE_LINK49][bookmark: OLE_LINK52][bookmark: OLE_LINK51][bookmark: OLE_LINK50][bookmark: OLE_LINK53]Considering the lower MSD issue are somehow triggered by the survey of the commercial UE from some operators that high MSD (more than 20dB) are defined in the specification for some band combinations. Therefore, we think how much the MSD can be improved in practical should be based on the commercial UE measurement. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK65]Observation 1. How much the MSD can be improved in practical should be based on the commercial UE measurement. 
[bookmark: OLE_LINK11]Without the commercial UE measurements, some rough analysis can also be done based on the budget calculations which was extensive adopted in the past. Nevertheless, it would be foreseen different companies may use different input parameters, different calculation methods, even with different RF architecture, all of these factors will impact the results.
In the following part of the section, we use CA_n3-n78 as an example.
[bookmark: OLE_LINK17]CA_n3-n78
[bookmark: OLE_LINK54]As CA_n1-n3-n78 and fallback combinations were agreed to used as the candidate band combination. For CA_n3-n78, there are IMD2/4 and 2nd harmonic and harmonic mixing issues.
[bookmark: OLE_LINK3]IMD2/4 MSD
The IMD2/4 MSD in TS38.101-1 for CA_n3-n78 are defined as:
	
	
	
	
	
	
	PC3
	PC2
	
	

	[bookmark: OLE_LINK55]CA_n3-n78
	n3
	1740
	5
	25
	1835
	26
	31.9
	FDD
	IMD24

	
	n78
	3575
	10
	25
	3575
	N/A
	N/A
	TDD
	N/A

	
	n3
	1765
	5
	25
	1860
	8.0
	18.5
	FDD
	IMD44

	
	n78
	3435
	10
	25
	3435
	N/A
	N/A
	TDD
	N/A



In terms of [3], Harmonic Trap filter(HTF) is used for n3-n78, so the RF architecture used for calculation is in fig.1.
[image: ]
Fig 1. n3-n78 primarily Tx/Rx
And the general IPx RF parameters used in calculation are in table 1.
Table 1. General IPx parameters
	Component
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Ant. Switch
	112
	68
	56
	53

	Diplexer
	115
	86
	55
	53

	Duplexer
	100
	74
	55
	53

	Triplexer
	110
	82
	55
	52

	Quadplexer
	113
	74
	55
	50

	PA Forward
	27
	32
	31
	28

	PA Reversed
	40
	30
	33
	30

	LNA
	6
	-6
	-6
	-10


[bookmark: OLE_LINK74]The IMD2/IMD4 values at the condition of PCB isolation=65dB and antenna isolation = 10dB are calculated as in table 2 and 3.
[bookmark: OLE_LINK56]Table 2. IMD2 MSD for n3-n78
	
	Main path
	Diversity path

	IMD2 (without CF) (dBm)
	-59.4
	-69.2

	[bookmark: OLE_LINK73]Band n3 Thermal noise (dBm)
	-94
	-94

	Total Noise (dBm)
	-59.3
	-69.1

	After MRC sensitivity @ Ant (dBm)
	-69.6

	MSD (dB)
	27.4


Table 3. IMD4 MSD for n3-n78
	[bookmark: OLE_LINK2]
	Main path
	Diversity path

	IMD2 (without CF) (dBm)
	-80.1
	-90.1

	Band n3 Thermal noise (dBm)
	-94
	-94

	Total Noise (dBm)
	-79.9
	-88.6

	After MRC sensitivity @ Ant (dBm)
	-89.1

	MSD (dB)
	7.9


[bookmark: OLE_LINK76][bookmark: OLE_LINK62]With other PCB isolation and antenna isolation values, where the antenna isolation values are [10, 15, 20]dB, and the PCB isolation values are [60, 65, 70, 75, 80, 85, 90]dB, the IMD2/4 MSD values are summarized in Table 4. 
[bookmark: OLE_LINK64]Table 4. IMD2/4 MSD values with different antenna isolation, and different PCB isolation 
(a). PC3(without CF)
	[bookmark: OLE_LINK88]
	[bookmark: OLE_LINK58]Antenna iso.=10dB
	Antenna iso. =15dB
	Antenna iso. =20dB

	[bookmark: OLE_LINK60]
	[bookmark: OLE_LINK59]IMD2
	IMD4
	IMD2
	IMD4
	IMD2
	IMD4

	[bookmark: OLE_LINK57]PCB iso. = 60dB
	31.9
	10.4
	27.1
	7.0
	22.2
	4.7

	PCB iso. = 65dB
	27.4
	7.9
	22.6
	5.2
	17.8
	3.8

	PCB iso. = 70dB
	23.8
	6.5
	18.9
	4.4
	14.1
	3.4

	PCB iso. = 75dB
	21.5
	6.0
	16.5
	4.1
	11.8
	3.2

	PCB iso. = 80dB
	20.4
	5.8
	15.3
	4.0
	10.7
	3.2

	[bookmark: OLE_LINK61]PCB iso. = 85dB
	20.0
	5.7
	14.8
	3.9
	10.3
	3.1

	PCB iso. = 90dB
	19.8
	5.7
	14.7
	3.9
	10.1
	3.1


(b). PC2 (without CF) 
	
	Antenna iso.=10dB
	Antenna iso. =15dB
	Antenna iso. =20dB

	
	IMD2
	IMD4
	IMD2
	IMD4
	IMD2
	IMD4

	PCB iso. = 60dB
	37.9
	21.8
	33.1
	17.2
	28.2
	12.6

	PCB iso. = 65dB
	33.4
	18.6
	28.6
	14.1
	23.7
	9.9

	PCB iso. = 70dB
	29.8
	16.8
	24.8
	12.4
	19.9
	8.4

	PCB iso. = 75dB
	27.5
	16.0
	22.3
	11.7
	17.4
	7.9

	PCB iso. = 80dB
	26.4
	15.7
	21.1
	11.4
	16.1
	7.7

	PCB iso. = 85dB
	25.8
	15.6
	20.6
	11.4
	15.6
	7.6

	PCB iso. = 90dB
	19.8
	5.7
	20.5
	11.3
	15.5
	7.6


If considering CF, the MSD would be smaller than the values in table 4 due to the IMD2/4 product bandwidth will not occupy the whole IMD2/4 frequency range considering the UL/DL IMD MSD test point. 
[bookmark: OLE_LINK67][bookmark: OLE_LINK69][bookmark: OLE_LINK68][bookmark: OLE_LINK70]For n3-n78 IMD2/4 MSD, the PA non-linear factor is dominated factor when the PCB isolation is about 75dB. However, when PCB isolation is larger than 75dB, the other RF parameters like diplexer/LNA become the domination. So in this case, if PCB isolation continue to increase, the MSD improved is quite limited. It should be noted that the situations are similar for PC2.
[bookmark: OLE_LINK6]H2 harmonic MSD
[bookmark: OLE_LINK32][bookmark: OLE_LINK75]For H2 harmonic requirements, the MSD values at the condition of PCB isolation=65dB and antenna isolation = 10dB, and HTF isolation equals to 30dB are calculated as in table 5. Note that only MSD test points of channel bandwidth@n78=10MHz and channel bandwidth@n3 =5MHz is considered since it is the worst case compared to the other MSD test points of channel bandwidth@n78=100MHz and channel bandwidth@n3 =10MHz.
 Table 5. H2 MSD for n3-n78
	
	Main path
	Diversity path

	[bookmark: OLE_LINK12]IMD2 (without CF) (dBm)
	-67.1
	-70.4

	Band n78 Thermal noise@10MHz (dBm)
	-92.3
	-92.3

	Total Noise (dBm)
	-67.1
	-70.4

	After MRC sensitivity @ Ant (dBm)
	-72.0

	MSD (dB)
	23.3


[bookmark: OLE_LINK22][bookmark: OLE_LINK13]Similar as IMD2/4 MSD, using the combinations of different PCB isolation values and different antenna isolation values, the H2 MSD values are summarized in Table 6. 
[bookmark: OLE_LINK81]Table 6. H2 MSD values with different antenna isolation, and different PCB isolation (PC3 and PC2)(without CF) 
	[bookmark: OLE_LINK80]
	[bookmark: OLE_LINK77]Antenna iso.=10dB
	Antenna iso.=15dB
	Antenna iso.=20dB

	PCB iso. = 60dB
	27.2
	27.1
	27.1

	PCB iso. = 65dB
	23.3
	23.0
	22.9

	PCB iso. = 70dB
	20.0
	19.2
	18.8

	PCB iso. = 75dB
	17.7
	15.8
	14.8

	PCB iso. = 80dB
	16.5
	13.4
	11.4

	PCB iso. = 85dB
	16.0
	12.1
	9.3

	PCB iso. = 90dB
	15.8
	11.7
	8.2


Harmonic mixing MSD
[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86]In current 38.101-1 spec, there is no harmonic mixing MSD defined for PC3 n3-n78 inter-band CA but 8.1dB harmonic mixing MSD was defined for PC2 n3-n78 when aggressor UL is PC2 n78.
Noted that harmonic mixing MSD was defined for ENDC 3-n78, where 5.7dB is defined for 3@5MHz. Actually 5.7dB harmonic mixing MSD was the comprised value from [4][5] in terms of [6] due to different parameters were used by different companies. Also, it can be found that this values were derided from antenna isolation is 10dB and PCB isolation is 70dB.
[bookmark: OLE_LINK87]Ignoring the mistakes for PC3 n3-n78 harmonic mixing MSD, here we assume the same PC3 3_n78 harmonic mixing MSD of 5.7dB was reused.
[bookmark: OLE_LINK21]For harmonic mixing requirements, the MSD values at the condition of PCB isolation=70dB and antenna isolation = 10dB, are calculated as in table 7. 
[bookmark: OLE_LINK20] Table 7. Harmonic mixing MSD for n3-n78 (PC3&PC2)
	
	PC3
	PC2

	[bookmark: OLE_LINK82]
	Main path
	Div. path
	Main path
	Div. path

	n78 Tx power at n3 LNA input (dBm)
	-42.9
	-46.4
	-39.9
	-43.4

	After Rx harmonic rejection (referred to antenna) (dBm)
	-87.9
	-91.4
	-84.9
	-88.4

	[bookmark: OLE_LINK83]Band n3 Thermal noise (dBm)
	-94
	-94
	-94
	-94

	Total Noise (dBm)
	-86.9
	-89.5
	-84.4
	-87.3

	After MRC sensitivity @ Ant (dBm)
	-91.4
	-89.1

	MSD (dB)
	5.6
	7.9


Similar as above, different combination of antenna isolation and PCB isolation are used to see how much MSD can be improved, as summarized in table 8.
Table 8. Harmonic mixing MSD values different antenna isolation, and different PCB isolation (PC3 and PC2)
	
	[bookmark: OLE_LINK24]Antenna iso.=10dB
	Antenna iso. =15dB
	[bookmark: OLE_LINK27]Antenna iso. =20dB

	[bookmark: OLE_LINK89]
	PC3
	PC2
	PC3
	PC2
	PC3
	PC2

	[bookmark: OLE_LINK90]PCB iso. = 60dB
	12.6
	15.5
	12.6
	15.4
	12.6
	15.4

	PCB iso. = 65dB
	8.6
	11.3
	8.5
	11.2
	8.5
	11.2

	PCB iso. = 70dB
	5.6
	7.9
	5.4
	7.7
	5.4
	7.6

	PCB iso. = 75dB
	3.9
	5.7
	3.6
	5.2
	3.4
	5.0

	PCB iso. = 80dB
	3.1
	4.5
	2.7
	3.8
	2.5
	3.5

	PCB iso. = 85dB
	2.8
	4.0
	2.3
	3.2
	2.2
	2.9

	PCB iso. = 90dB
	2.7
	3.9
	2.2
	3.0
	2.1
	2.6


In terms of the above, considering the existing MSD minimum requirements defined in the spec, we can observed:
[bookmark: OLE_LINK16]Observation 2. PCB isolation for harmonic/IMD and harmonic mixing are used to derive the corresponding MSD values are different.
[bookmark: OLE_LINK93]Observation 3. For IMD2 and H2 MSD, it is difficult to improve 20dB MSD by only increasing PCB isolation or antenna isolation.
Observation 4. For IMD2 and H2 MSD, to achieve ~10dB MSD value, the antenna isolation needs to better than 20dB associated with PCB isolation better than 85dB.
[bookmark: OLE_LINK96][bookmark: OLE_LINK97]Observation 5. For IMD4, the improved MSD is less than 5dB when the antenna isolation is 20dB associated with PCB isolation is 85dB.
[bookmark: OLE_LINK30]Observation 6. For IMD2/4, H2 and harmonic mixing MSD, the improved MSD is limited when PCB isolation >75dB for a certain antenna isolation.
CA_n28-n40
[bookmark: OLE_LINK18]For n28-n40, harmonic mixing, i.e. n40 DL = 3*n28 UL, should be considered. Actually, the harmonic mixing MSD value for ENDC 28-n40 and NR CA n28-n40 are reused from LTE CA 28-n40, while it seems the MSD value for LTE CA 28-40 are the leverage value from companies.
The RF architecture used in the calculation is shown below, which is similar with [7].
[image: ]
The Rx 3rd order harmonic rejection = 20dB and n28 Rx filter selectivity at B40 = 60dB, the MSD values at the condition of PCB isolation=70dB and antenna isolation = 10dB, are calculated as in table 9.
 Table 9. Harmonic mixing MSD for n28-n40(PC3)
	
	Main path
	Div. path

	n40 Tx power at n28 LNA input (dBm)
	-42.5
	-42.9

	After Rx harmonic rejection (referred to antenna) (dBm)
	-58.5
	-58.9

	Band n28 Thermal noise (dBm)
	-95.5
	-95.5

	Total Noise (dBm)
	-58.5
	-58.9

	After MRC sensitivity @ Ant (dBm)
	-61.7

	MSD (dB)
	36.8


Similar as above, using the combinations of  different PCB isolation values and different antenna isolation values, the H2 MSD values are summarized in Table 10. 
Table 6. Harmonic mixing MSD values with different antenna isolation, and different PCB isolation (PC3)(without CF) 
	
	Antenna iso.=10dB
	Antenna iso.=15dB
	Antenna iso.=20dB

	PCB iso. = 60dB
	46.5
	46.5
	46.5

	PCB iso. = 65dB
	41.6
	41.6
	41.6

	PCB iso. = 70dB
	36.8
	36.8
	36.8

	PCB iso. = 75dB
	32.3
	32.2
	32.2

	PCB iso. = 80dB
	28.3
	28.0
	28.0

	PCB iso. = 85dB
	24.9
	24.2
	23.9

	PCB iso. = 90dB
	22.4
	20.6
	19.8


The tendency is quite similar as n3-n78 harmonic mixing, where the MSD value is almost keep unchanged when the antenna isolation is increased up to 20dB as antenna isolation pay less role on improving the MSD.
[bookmark: OLE_LINK31]For n28-n40 harmonic mixing, although PCB isolation is up to 90dB, the MSD would be still ‘high’. So to further improve the MSD value, some other method may need to be adopted.
[bookmark: OLE_LINK35]Observation 7. For n28-n40 harmonic mixing, some other method may need to be adopted to further improving the MSD value.
[bookmark: OLE_LINK28][bookmark: OLE_LINK26]For harmonic mixing, no matter for n3-n78 and n28-n40, the MSD value is almost keep unchanged when the antenna isolation is increased up to 20dB, that’s mainly because the aggressor PA output power appears at victim LNA input via PCB path is the dominated factor. 
[bookmark: OLE_LINK29]Observation 8. For harmonic mixing MSD, antenna isolation pay less role on improving the MSD.
[bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK47]So far, there were no agreements on the antenna isolation and PCB isolation values. Some concerns from UE vendor that higher PCB isolation (>75dB?) is challenge in practice. So it would be better to discuss the achievable PCB isolation/antenna isolation values in practice when companies re-evaluate how much the MSD can be improved. Otherwise, the re-evaluated may big different among companies by using difference assumption.
[bookmark: OLE_LINK39][bookmark: OLE_LINK43]Proposal 2. It would be better to discuss the achievable PCB isolation/antenna isolation values in practice when companies re-evaluate how much the MSD can be improved.

2.3 Other aspect
There are some other aspects as following which needed to be further discussed. We give our initial discussion below.
· Whether the lower MSD capability is a per BC capability
· how to handle a band combination with different MSD types
· how to handle the same BC with different victim bands suffered the same MSD type and order
In our view, lower MSD capability should be per BC capability. The interfering frequency range would be different for different MSD types, for example there may no harmonic issue but there is IMD issue, or vice verse considering the operator spectrum holdings. In other words, considering operator spectrum holdings, harmonic/IMD interference may not happen at the same time although there are MSD defined in the specification.
However, it would be complicated to report different MSD types, or only report one MSD type with highest value can be an alternative. So more discussion should be needed.
· Whether lower MSD capability for different interference sources could be reported separately
· [bookmark: OLE_LINK7]Whether lower MSD capability means all MSD types for a band combination have been improved
[bookmark: OLE_LINK4][bookmark: OLE_LINK8]It should discuss how much MSD is improved can be considered as valuable in practical? 15dB? 20dB? we don’t think it makes sense that 0.1dB MSD is improved.
· Whether delta MSD compared to the minimum requirements or directly improved MSD values to be reported
[bookmark: OLE_LINK10]In our view, delta MSD compared to the minimum requirements can be an alternative. So far, no MSD value capability defined in RAN2, and it seems does not make sense to directly report MSD value, or what is the expectation for gNB receiving such improved MSD value considering the practical MSD is already quite small?
· Whether a single/unique MSD value or MSD threshold(s) for a band combination to be considered
· If MSD threshold(s), whether a single MSD threshold value or could be multiple intervals? Exact absolute threshold(s) or relative threshold(s)? Different or same threshold(s) for different interference type?
In our understanding, it may difficult to define a precise MSD threshold with the experiences of other topics, although some companies would provide some re-evaluation based on calculations with the combinations of antenna antenna isolation and PCB isolation.
· Relation between MSD reduction and UL power back-off
The MSD value in the specification are derived from the maximum output power. However, in real world, the maximum output power is usually happen when UE is at the cell edge. When UE moves from the cell edge to the cell center, the actual power will be reduced, which means the actual MSD values will be largely reduced.
[bookmark: OLE_LINK36][bookmark: OLE_LINK9]Proposal 3. To discuss how much MSD is improved can be considered as valuable in practical?
Proposal 4. Delta MSD compared to the minimum requirements or real time MSD could be as the candidates for the new signaling.
3 Conclusion
In this contribution, we give some discussion on the lower MSD for inter-band NR CA/ENDC, where some roughly calculation are given. The conclusions are:
Proposal 1. No need to defined another new set of MSD values in the TS38.101-1 spec, i.e. the improved MSD values (i.e. the new MSD value) should not be defined in TS38.101-1 spec. 
Observation 1. How much the MSD can be improved in practical should be based on the commercial UE measurement.
[bookmark: OLE_LINK34]For n3-n78:
Observation 2. PCB isolation for harmonic/IMD and harmonic mixing are used to derive the corresponding MSD values are different.
Observation 3. For IMD2 and H2 MSD, it is difficult to improve 20dB MSD by only increasing PCB isolation or antenna isolation.
Observation 4. For IMD2 and H2 MSD, to achieve ~10dB MSD value, the antenna isolation needs to better than 20dB associated with PCB isolation better than 85dB.
Observation 5. For IMD4, the improved MSD is less than 5dB when the antenna isolation is 20dB associated with PCB isolation is 85dB.
Observation 6. For IMD2/4, H2 and harmonic mixing MSD, the improved MSD is limited when PCB isolation >75dB for a certain antenna isolation.
For n28-n40:
Observation 7. For n28-n40 harmonic mixing, some other method may need to be adopted to further improving the MSD value.
Observation 8. For harmonic mixing MSD, antenna isolation pay less role on improving the MSD.
Proposal 2. It would be better to discuss the achievable PCB isolation/antenna isolation values in practice when companies re-evaluate how much the MSD can be improved.
Proposal 3. To discuss how much MSD is improved can be considered as valuable in practical?
Proposal 4. Delta MSD compared to the minimum requirements or real time MSD could be as the candidates for the new signaling.
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