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Introduction
[bookmark: _Hlk88742629]The Further RF requirements enhancement for NR frequency range 1 (FR1) Work Item description [1] defines the following objective for lower MSD investigation:
	[bookmark: OLE_LINK21][bookmark: _Hlk47438345]Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations [RAN4]
· Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic mixing, IMD and cross band isolation)
· Study how the MSD performance can be improved for the example band combinations
· Study of MSD improvement with different MSD sources (harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing)
· Study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed
· Aim to conclude the study phase by RAN#99, and further discuss in RAN#99 how to handle the objective based on the study progress.



In this contribution we will present Nokia’s point of view concerning the study of lowering MSD for improved relaxation to MSD due to UL harmonic and harmonic mixing, respectively [1]. 
UL harmonic for 1.8GHz + 3.5GHz e.g., CA_3-n77
[bookmark: _Hlk107572687]Insights obtained from [2] 
There was a discussion on MSD improvement on the 2nd UL harmonic issue for LTE B3+NR 3.5G [2], where the following parameters in Table 1(Extract of Table 2 from [2] with some reorganization) were assumed. The contribution of [2] showed that MSD can be improved down to around 14 dB from around 24 dB (the specified value is 23.9 dB), i.e., 10 dB improvement is possible with 48 dBc PA H2 suppression. We further study how further improvement, e.g., 20 dB improvement or more, can be achieved under a similar condition to [2] as much as possible.  
Table 1: Extract for Table 2 MSD calculation for harmonic interference from [2] with some reorganization
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There was also a contribution of [3] on how to improve MSD for CA_3-n77, where PCB isolation improvement was used to improve MSD instead of PA H2 suppression. That would be a right choice if a UE design policy is to improve all the MSDs for a band combination (BC) with multiple MSD sources simultaneously. We, however, focus on improvement of MSD due to UL harmonics to better understand the mechanism. Firstly, we look back at MSD due to 2nd UL harmonic for CA_3-n77. As mentioned in [3], if PA H2 suppression is 35 dBc, each of the LNA H2 for both PRX and DRX as well as the combined MSD becomes as follows and the combined MSD is very close to the specified MSD of 23.9 dB.
Table 2: MSD with PA H2 suppression of 35 dBc without other component performance improvement in Table 1
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Given that MSD for PRX and DRX (o) are MRCed in the end, it would be expected that both MSD for PRX and DRX or one of them need to be reduced to improve the final Combined MSD.
Observation 1: In order to improve the combined MSD due to 2nd UL harmonic for CA_3-n77, MSDs for both PRX and DRX or one of the MSDs needs to be reduced.  
When taking a look at Table 2 in terms of reducing MSDs for PRX and DRX, the gating factors to raise the MSDs are PRX H2 for Path 1 (j) and PRX and DRX H2 for Path 2 (l). Specifically, H2 levels for (l) are higher than those for H2 for Path 3 (n) by 13 dB. Hence, roughly, it is expected that improving all the three aforementioned H2 levels by 13 dB by e.g., improving PA H2 suppression would improve combined MSD with nearly 1:1 gain and after more than 13 dB improvement, the combined MSD wouldn’t obtain proportional gain anymore since H2 levels of -90 dBm for (n) stay and become a next gaiting factor. Alternatively, as said earlier, reducing one of the MSDs for PRR and DRX also improves combined MSD. For instance, if an isolation improvement by the same amount in Path 2 and Path 3 is increased in Table 2, as it increases, composite H2 level for DRX decreases faster than that for PRX and the difference between the composite H2 levels for DRX and PRX becomes larger and the combined MSD would be improved with proportional gain roughly until the isolation of 88 dB, i.e., 18 dB improvement. It should be noted that for simplicity, in this contribution, MSD calculation is conducted in a way that the same amount of isolation improvement is achieved in Path 2 and Path 3. When the isolation reaches around 88 dB, the “delta = (composite H2 PRX - composite DRX)/1dB” for the isolation becomes smaller since H2 levels (l) for Path 2 becomes -95 dBm and it becomes almost the same as that of DRX H2 level (j) for Path 1. Accordingly, combined MSD improvement starts to show non-proportional gain. The above phenomena are summarized in below Figure 1. 
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Figure 1: MSD improvement by H2 PA suppression or isolation improvement by the same amount in Path 2&3
Figure 1 shares an insight that achieving up to 10 dB MSD improvement (from around combined MSD of 24 dB to 14 dB) doesn’t necessarily require multiple component performance improvement and it is possible to achieve it by e.g., H2 PA suppression improvement from 35 dBc to 48 dBc, Figure 1, however also shares an insight that at least multiple components performance improvement is required to obtain around 20 dB MSD improvement.
Observation 2: Around 10 dB MSD improvement for CA_n3-n77 2nd UL harmonics is feasible by improving single component performance improvement e.g., by H2 PA suppression. At least multiple components performance improvement is required to obtain around 20 dB MSD improvement.
Possible way to achieve 20 dB MSD improvement
With consideration of Observation 2, we take into account multiple components performance improvement impact on combined MSD. Figure 2 shows relation between the combined MSD improvement and improvements due to combinations of H2 suppression in Path 1, antenna isolation in DRX Path 1 and an isolation in Path 2 and Path 3. It’s noted horizontal axis means that e.g., when the value is 10 dB, Path 2 H2 level at LNA is -20dBm -70 dB - 10 dB = -100 dBm and Path 3 H2 level at LNA is -90 dBm -10 dB = -100 dBm, respectively.
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 Figure 2: Impact of antenna isolation, PA H2 suppression and isolation in Path 2/3 on combined MSD
From Figure 2, in order to achieve around 20 dB MSD improvement, in case PA H2 suppression is 48 dBc, around 20 dB isolation improvement for Path 2 and Path 3 is needed. In case PA H2 suppression is 35 dBc, even if antenna isolation is 20 dB, 20 dB MSD is not possible (around 19 dB seems possible) under the assumption of Table 1.  
Observation 3: In case of PA H2 suppression of 35 dB, 20 dB MSD improvement is not possible even if antenna isolation is 20 dB and isolation improvement of Path 2&3 is infinity if the other assumptions are the same as those in Table 1.
Observation 4: In order to achieve 20 dB MSD improvement with PA H2 suppression of 48 dBc, around 25 dB isolation improvement for Path 2 &3 is required if the other assumptions are the same as those in Table 1.
Specific parameters to achieve 20 dB MSD improvement for Observation 4 is summarized in Table 3.
Table 3: A possible way to achieve 20 dB MSD improvement
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Next, we discuss the impact of antenna isolation performance improvement on the combined MSD. One of the important aspects of antenna isolation in terms of MSD improvement is that the contribution of it to MSD improvement applies to only MSD for DRX under the UE architecture assumption in [2], which is achieved by reducing the composite H2 level at LNA (and hence MSD) in Path 1 for “DRX”.  This aspect further provides following two insights. It’s noted that even if a UE architecture to enable a UE to obtain antenna isolation for PRX is assumed, the conclusion does not change that much for at least MSD due to UL harmonics since it only improves H2 levels at LNR for PRX and DRX for Path 1 only.
A first insight is that since antenna isolation improves composite DRX H2 level only when DRX H2 levels at LNA for Path 2 (l) and 3 (n) are similar to or lower than DRX H2 level at LNA for Path 1(j). For example, if DRX H2 level for 1, 2 and 3 are -105.2 dBm, -90 dBm and -90 dBm, respectively as can be seen in Table 1, even if -105.2 dBm is reduced down to -110.2 dBm by 5 dB antenna isolation improvement, this does not reduce composite DRX H2 level at all since -90 dBm stays as the gating factor. If, however, -90 dBm is reduced down to -110 dBm by e.g., an isolation improvement in Path 2 and 3 and if -105.2 dBm is reduced to -110.2 dBm, then, this reduction can contribute to the reduction of the composite H2 level for DRX (o).  
A second insight is if H2 levels at LNA for Path 2 (l) and 3 (n) are similar or lower than DRX H2 for Path 1 (j) according to the first insight, antenna isolation can give more gain when “DRX” H2 level at LNA for Path 1 (j) is as high as possible. For example, if H2 levels at LNA for Path 2 (l) and 3 (n) are -100 dBm, 1 dB improvement of DRX H2 level at LNA for Path 1 (j) of -80 dBm can give more gain than 1 dB improvement of DRX H2 level at LNA for Path 1 (j) of -100 dBm when the composite H2 level for DRX is calculated. Hence, the former case improves MSD for DRX more and hence, the combined MSD is improved according to Observation 1, i.e., one of MSDs is reduced.
As expected from the above insights, antenna isolation does not help improve combined MSD if DRX H2 level at LNA for Path 1 (j) is lower than those for Path 2 (l) and 3 (n) as can be seen from lines with H2 suppression = 48 dBc in Figure 2 and helps improve combined MSD a little if DRX H2 level at LNA for Path 1 (j) is higher as can be seen from line with H2 suppression = 35 dBc, though the help can be around 5 dB at maximum with antenna isolation of 20 dB. 
Observation 5: Antenna isolation improvement helps improve combined MSD more when DRX H2 levels at LNA for Paths 2 and 3 are even lower than DRX H2 level at LNA for Path 1 while the amount of maximum improvement by antenna isolation is around 5 dB with antenna isolation of 20 dB.   
Possible way to achieve 20 dB MSD improvement with less isolation improvement in Path 2 and 3
In this sub-section, we discuss a way to mitigate the required isolation improvement in Path 2 and 3 by reducing respective MSDs (composite H2 levels) for PRX and DRX in a similar level from the conditions in Table 1. It is noted that in order to achieve 20 dB improved combined MSD, i.e., MSD = around 4 dB, H2 levels at LNA from each of the paths for both PRX and DRX must be lower than approximately -103 dBm, i.e., values in (j), (l) and (n) must be lower than or equal to -103 dBm except for DRX H2 level at (j) whose value is already -105.2 dBm. A specific example is summarized in Table 4, where combined MSD is 3.67 dB can be obtained.
Table 4: Possible way to achieve 20 dB MSD improvement with less isolation improvement of Path 2&3 than a way in Table 3[image: Graphical user interface, application
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Observation 6: In order to achieve 20 dB MSD improvement, if all the H2 levels at (j), (l) and (n) in Table 1 are almost equally lower than or equal to -103 dBm, as shown in Table 4, the required isolation improvement of Path 2 and 3 can be reduced down to 13 dB from 25 dB compared to Table 3 condition.
It should be noted that there are various ways to reduce H2 level at LNA for Path 1 in Table 4 is just an example. This comes from the fact that at least three RF components to cause H2, i.e., PA, HB switch and Band 3 duplexer, are cascaded. More specifically, even if an H2 level before HB switch (e) is somehow reduced, if an H2 level occuring at the HB switch is higher (f) than (e), the improvement of (e) cannot contribute to reduce the composite H2 level at HB switch (g). Hence, in this case, linearity of the next RF component must be improved to create at least the same H2 level. A detailed process leading to Table 4 is summarized in Annex while what we observed is that as far as triplexer’s attention is 20 dB, at least HB switch linearity improvement is essential to achieve -103 dBm at LNA PRX.
Observation 7: Improvement of HB switch linearity toward H2 (10) from 100 to 108 dBc is essential assuming that triplexer gives 20 dB H2 rejection.
How to achieve MSD of 0 dB
It is not hard to anticipate that achieving MSD improvement of 24 dB, i.e., MSD = 0 dB, even more challenging than achieving that of 20 dB. When MSD improvement of 20 dB is achieved, H2 levels from all the paths for PRX and DRX must be already similar levels or composite H2 level for DRX is even smaller than that for PRX. The former means that even if a component performance is improved and one or some of H2 levels at LNA at Path 1, 2 and/or 3 for PRX and/or DRX are improved, the other H2 levels stay as a gating factor. The latter means that the composite level for PRX must be improved. In any case, multiple components performance must be improved, but cost for MSD improvement becomes higher. For more specific, Figure 3 shows relation between respective H2 levels improvement and combined MSD assuming that H2 levels from the three Paths are improved in the same amount from the condition shown in Table 4. For example, 1 dB in the horizontal line means -116 (-115 dBm - 1 dB) dBm for Path 1 DRX and -106 (-105 dBm - 1 dB) dBm for Path 1/2/3 PRX and Path 2/3 DRX and so on.

Figure 3: H2 level at LNA via Path 1 for PRX according to the amount of improvement of “PA H2 suppression (From 48 to 65 dBc) + B3 Duplexer Rejection to H2(from 30 to 47 dB)”
Figure 3 says that to improve MSD from 1 dB to almost 0 dB, the respective H2 levels must be improved by at least 15 dB, which means that an additional 15 dB isolation improvement for path 2 and 3 is needed and H2 levels in path 1 somehow need to be improved by 15 dB, but the options are very limited since triplexer would have challenges in having more attention than 20 dB so that RF components performance prior to the triplexer must be improved.
Observation 8: Theoretically it is not impossible to achieve MSD = 0dB for CA_n3-n77 for 2nd UL harmonic. However, as MSD approaches 0 dB, it requires more cost, i.e., components performance improvement compared to the cost to improve MSD by 20 dB.
Harmonic mixing
The impact of harmonic mixing on reference sensitivity and the amount of MSD improvement would be different from the order to order. CA_n3-n77(or n78) and CA_n2-n71(or CA_n25-n71) are band combinations, whose 2nd or 3rd order harmonic mixing were intensively studied, respectively.
2nd order Harmonic mixing
Regarding CA_n3-n77, MSD for this CA band combination has not been specified in 38.101-1 while that for corresponding EN-DC, MSD is defined in 38.101-3. The values for MSD for EN-DC are extracted from Table 7.3B.2.3.2-1 in 38.101-3 as follows.
Table 5: Extract from Table 7.3B.2.3.2-1 in TS38.101-3
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5
MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n77
	3
	5.7
	4.0
	3.0
	2.7
	
	
	
	
	
	
	

	n78
	3
	5.7
	4.0
	3.0
	2.7
	
	
	
	
	
	
	



The above fact means that there is room to achieve improved MSD for the 2nd order harmonic mixing since CA_n3-n78 is not allowed to have exceptions as MSD even though DC_3-n78 is allowed to have exceptions. Hence, UEs supporting CA_n3-n78 somehow shall meet reference sensitivity for n3 without exceptions even if 3GPP study for DC_3-n78 concluded that MSD is needed as minimum requirement.
In addition, a technical analysis to justify MSD = 0 dB for CA_n3-n78 was submitted in [4], where Tx power at LNA input via PCB coupling path from PA, i.e., corresponding to Path 2 in Section 2.1, is -43 dBm for both main and diversity path and higher by 14 dB than that via direct signal path, i.e., corresponding to Path 1 in Section 2.1. It should be noted that in case of analysis for harmonic mixing, consideration of Path 3 in Section 2.1 is not necessary since the BB output power is always even lower than that PA output power in Path 2 by PA gain as far as the same PCB isolation is assumed. The contribution shared the fact that there is a mixier with the spur rejection of about 66 dBc for mixing with 2LO and it enables UEs to have MSD = 0 dB. Moreover, the contribution of [4] implies that MSD = 0 dB for CA_n3-n78 can be achieved with PCB isolation of 84 (70 dB + 14 dB) dB instead of using the mixer with 66 dBc rejection. For reference, Table 6 is provided below and that is an extract of Table 1 in [4].
Table 6: Extract of Table 1 from [4]
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As can be seen in Table 6, RF components like antenna isolation, filter isolations in Path 1 cannot contribute to improving combined MSD since noise level from Path 2 is higher by 14 dB for PRX and 24 dB for DRX until the noise level in Path 2 approaches close to that in Path 1. 14 dB noise reduction for Path 2 means that PCB isolation must be improved from 70 dB to 84 dB. However, as can be seen in Figure 4, when PCB isolation is 85 dB, combined MSD itself if almost zero dB (Combined MSD is below 1 dB even with mixer spur rejection is 45 dBc) so that there is no room for antenna isolation to contribute to the improvement. 
[image: Histogram

Description automatically generated]
   Figure 4: MSD relation b/w PCB isolation and Mixer spur rejection for 2nd harmonic mixing
Figure 4 also shares the information that the amount of combined MSD improvement is almost the same if the same amount of PCB isolation improvement or Mixer spur rejection improvement is achieved, though Mixer spur rejection improvement can give a little bit lager MSD improvement by PCB isolation improvement (see e.g., the top red horizontal dashed line.  A point where PCB isolation of 70 dB line has 50 dBc(45+5) mixer spur rejection is lower than a point where PCB isolation of 75 dB(70+5) line has 45 dBc mixer spur rejection). This is theoretically valid since mixer spur rejection applies to the composite noise consisting of Path 1 and Path 2 while PCB isolation only improves noise from Path 2. Finally, although MSD = 0 dB is possible, the cost performance becomes worse as the MSD approaches 0 dB. For instance, in order to achieve 5 dB MSD improvement, i.e., MSD = 2 dB, PCB isolation, mixer spur rejection or the sum of both requires around from 8 dB to 12 dB improvement while to achieve 6 dB MSD improvement, i.e., MSD = 1 dB, PCB isolation, mixer spur rejection or the sum of both requires around 12 to 15 dB improvement. 
Observation 9: MSD of 0 dB for CA_n3-n77 harmonic mixing is feasible by PCB isolation improvement, mixer spur rejection improvement or combination of the two RF components performance improvement. Antenna isolation improvement doesn’t help improve MSD.
3nd order Harmonic mixing
Regarding CA_n2-n71(CA_n25-n71), MSD for this CA band combination has been specified in 38.101-1 and the values are extracted from Table 7.3A.4-4 in 38.101-1as follows.
 Table 7 : Extract from Table 7.3A.4-4 in 38.101-1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n25
	n713
	5
	15
	25 (RBstart=0)
	5
	26.5
	NOTE 4
	UL1/DL3

	n25
	n713
	20
	15
	100 (RBstart=0)
	20
	13.5
	NOTE 4
	UL1/DL3



Although 26.5 dB MSD is allowed as an exception, there was a contribution [5] that showed around 4 dB MSD is possible assuming highly integrated circuit design as follows. It is noted that in our understanding of [5], highly integrated circuit design in [5] means that the contribution of noise from Path 2 and Path 3 to MSD is negligible.
 Table 8: Extract of Table 5 from [x2] for a combination of 5MHz B2 UL and 5MHz B71 DL
	
	Main 
	Diversity
	

	Pout B2 5MHz full allocation UL
	22
	dBm

	LB/MB diplexer isolation at B2 UL
	25
	dB

	B71 duplexer RX attenuation at B2 UL
	45
	dB

	diversity antenna isolation
	na
	15
	dB

	B71 LNA attenuation at B2 UL
	10
	dB

	B71 Mixer 3rd order gain vs 1st order
	-25
	dB

	Equivalent interfering power at antenna
	-83
	-98
	dBm

	B71 REFSENS for 5MHz
	-97.2
	dBm

	B71 REFSENS noise floor
	-93.2
	dBm

	Combined noise floor
	-82.60
	-91.96
	dBm

	De-sense
	10.60
	1.24
	dB

	De-sense after MRC combining
	3.78
	dB

	B71 REFSENS with MSD due to 3rd order RX of B2UL
	-93.42
	dBm



The below Figure 5 shows estimated MSD taking into Path 1 with the above Table 8 and Path 2. It’s noted that a contribution of Path 3 assumed in 2nd UL harmonic to MSD is not considered since the output power is lower than PA output by PA gain.
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   Figure 5: MSD relation b/w PCB isolation and Mixer spur rejection for 3nd harmonic mixing
Though the exact relation between the required amount of components performance improvement and MSD improvement in Figure 5 for 3rd harmonic mixing is not the same as that in Figure 4 for 2nd harmonic mixing, the tendency looks similar. As mentioned in 2nd harmonic mixing, since mixer spur rejection can reduce the composite noises from all the Paths directly, the amount of combined MSD improvement by it is larger than that by PCB isolation. 
Observation 10: For 3rd harmonic mixing, it is possible to improve combined MSD by 20 dB with nearly 1:1 gain by PCB isolation, mixer 3rd order gain or both of them for at least CA_n25(or n2)-n71 or similar band combinations. It is also possible to achieve MSD of around 0 dB, but the improvement gain per RF components performance becomes worse as MSD reaches 0 dB.
Observation 11: Antenna isolation improvement impact on MSD improvement is not large for at least 2nd and 3rd harmonic mixing for CA_3-77 and CA_25-71, respectively.

Conclusion
For 2nd harmonic interference, following observations are obtained mostly based on the assumptions in R4-1709559
Observation 1: In order to improve the combined MSD due to 2nd UL harmonic for CA_3-n77, MSDs for both PRX and DRX or one of the MSDs needs to be reduced.  
Observation 2: Around 10 dB MSD improvement for CA_n3-n77 2nd UL harmonics is feasible by improving single component performance improvement e.g., by H2 PA suppression. At least multiple components performance improvement is required to obtain around 20 dB MSD improvement.
Observation 3: In case of PA H2 suppression of 35 dB, 20 dB MSD improvement is not possible even if antenna isolation is 20 dB and isolation improvement of Path 2&3 is infinity if the other assumptions are the same as those in Table 1.
Observation 4: In order to achieve 20 dB MSD improvement with PA H2 suppression of 48 dBc, around 25 dB isolation improvement for Path 2 &3 is required if the other assumptions are the same as those in Table 1.
Observation 5: Antenna isolation improvement helps improve combined MSD more when DRX H2 levels at LNA for Paths 2 and 3 are even lower than DRX H2 level at LNA for Path 1 while the amount of maximum improvement by antenna isolation is around 5 dB with antenna isolation of 20 dB.   
Observation 6: In order to achieve 20 dB MSD improvement, if all the H2 levels at (j), (l) and (n) in Table 1 are almost equally lower than or equal to -103 dBm, as shown in Table 4, the required isolation improvement of Path 2 and 3 can be reduced down to 13 dB from 25 dB compared to Table 3 condition.
Observation 7: Improvement of HB switch linearity toward H2 (10) from 100 to 108 dBc is essential assuming that triplexer gives 20 dB H2 rejection.
Observation 8: Theoretically it is not impossible to achieve MSD = 0dB for CA_n3-n77 for 2nd UL harmonic. However, as MSD approaches 0 dB, it requires more cost, i.e., components performance improvement compared to the cost to improve MSD by 20 dB.
For 2nd and 3rd harmonic mixing, following observations are obtained mostly based on the assumptions in R4-1707995 and R4-1711543.
Observation 9: MSD of 0 dB for CA_n3-n77 harmonic mixing is feasible by PCB isolation improvement, mixer spur rejection improvement or combination of the two RF components performance improvement. Antenna isolation improvement doesn’t help improve MSD.
Observation 10: For 3rd harmonic mixing, it is possible to improve combined MSD by 20 dB with nearly 1:1 gain by PCB isolation, mixer 3rd order gain or both of them for at least CA_n25(or n2)-n71 or similar band combinations. It is also possible to achieve MSD of around 0 dB, but the improvement gain per RF components performance becomes worse as MSD reaches 0 dB.
Observation 11: Antenna isolation improvement impact on MSD improvement is not large for at least 2nd and 3rd harmonic mixing for CA_n3-n77 and CA_n25-n71, respectively.
Summary
In the past RAN4 meetings, UE vendor/chipset vendors and a RF component vendor clearly showed that it is possible to improve MSD  by around 10 dB and 20 dB for at least UL 2nd harmonic and harmonic mixing, respectively. 
Regarding 2nd UL harmonic, one RF component performance improvement can improve MSD by 10 dB while in order to achieve around 20 dB or more improvement, multiple RF components performance improvements are needed while towards 0 dB MSD, more efforts, e.g., usage of even better RF components and careful design, are needed.
Regarding 2nd harmonic mixing of CA_n3-n77 and 3rd harmonic mixing of CA_n25-n71, MSD can be improved by higher spur rejection or PCB isolation. For 2nd harmonic mixing, at least one vendor showed that 66 dBc spur rejection is possible and almost MSD =  0 dB would be possible with PCB isolation of 70 dB. For 3rd harmonic mixing, theoretically the same tendency as that for 2nd harmonic mixing can be seen while at least one company assumed 25 dBc as spur rejection. Under this condition, i.e. 25 dBc, around 95 dB PCB isolation is needed to achieve around 20 dB MSD improvement. In order to achieve MSD of 0 dB, spur rejection improvement is essential, and this mitigates the required PCB isolation improvement.
It’s noted that the above observations are made under certain conditions elaborated in this contribution. Hence, the exact values can be different according to some other conditions including UE architectures. 
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Annex
Process leading to -103 dBm at LNA in path 1 PRX in Table 4
 H2 level post Triplexer(h): Target level = -100 dBm(-103 dBm + 1 dB(13) + 2 dB (12))
Triplexer attenuation of 2nd harmonic of the Tx (11) is the only parameter to linearly lower H2 level in Path 1 with respect to the assumptions in [2]. Some others can reduce H2 level to some extent, while later some other parameters can be a gating factor(s) at a certain level of H2 level. Though the filter attenuation against H2 of the Triplexer for PRX in the Table 2 in [2] is 15 dB, we assume that 20 dB (5 dB improvement) would be practically possible. Then, the required amount of improvement by some other parameters is -87.2 dBm - 5 dB - (-100 dBm) = 7.8 dB, which means that H2 at HB Switch output(g) must be lower than -80 dBm (-72.2 dBm - 7.8 dB), which is the sum of H2 post Harmonics Filter (e) and H2 at HB Switch (f). 
Hence, in order to lower H2 level post HB switch down to -80 dBm, roughly, each of H2 (e) and (f)  must be lower or equal to -83 dBm. 
There are several ways to reduce H2 post Harmonics Filter (e) down to -83 dBm. The simplest way is increasing Harmonic Filter Rejection by 8 dB, i.e., 33 (25 dB + 8 dB) dB rejection against H2. Then, -82.7 dBm is obtained. Another option is to decrease H2 at Duplexer output (d) down to -58 dBm (-83 dBm + 25 dB) if Harmonic Filter Rejection of 25 dB (9) stays. Now, H2 at Duplexer output (d) = H2 post B3 Duplexer (b) + H2 at B3 Duplexer H2 (c). Roughly, each term on the right side must be lower or equal to -61 dBm (-58 dBm - 3 dB). Since H2 (c) is already -62 dBm, our focus is H2 (b). With respect to H2 (b), the value is -50 dBm so that 11 dB improvement must be achieved by B3 PA H2 (6) and/or B3 Duplexer Rejection (7). The aforementioned fact means that as far as B3 Duplexer H2 linearity(8) stays at 90 dBc, even if B3 PA H2(6) and/or B3 Duplexer Rejection (7) are improved, when the amount of improvement exceeds 11 dB, the effect on MSD improvement approaches to saturation as shown in Figure 6. Note that in Figure 6, all the parameters are the same as those in Table 1 except for “B3 PA H2(6) and B3 Duplexer Rejection (7)”. Figure 6 shows that no matter what horizontal axis is extended, the amount of the H2 level improvement at LNA via Path 1 for PRX is 3 dB and this is an expected result since H2 level due to B3 Duplexer non-linearity becomes the gating factor.
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Figure 6: H2 level at LNA via Path 1 for PRX according to the amount of improvement of “PA H2 suppression (From 48 to 65 dBc) + B3 Duplexer Rejection to H2(from 30 to 47 dB)”
Next, H2 level (f) depends on post PA output (1) power, RF front end loss (2), (3) and (4) and HB Switch H2 (10). Given that there is less room to change (1), (2), (3) and (4), the improvement of HB switch linearity toward H2 (10) by around 8 dB is essential. With this, H2 level becomes -83.7 dBm (-75.7 dBm - 8 dB).
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