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1 Introduction

In RAN95e meeting, the WID on Further RF requirements enhancement for NR FR1 [1] as one of non-spectrum related packet WI was approved. In which one of the objectives is to investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations as listed in below.

	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.


Actually, this lower MSD topic has been discussed for several meetings during R17 phase in RAN4, but there are no consensus thus was postponed to R18. This contribution continues to provide our views on this issue.
2 Discussion
In order to have a whole picture of MSD for all band combinations in current spec 38.101-1 v17.6.0 [2], the following statistic was made as illustrated in table 1.
Table 1, the range of biggest MSD among different band combinations in current spec (R17 [2]) for PC3
	Type of interference
	Order/Source
	The range of biggest MSD among different band combinations (dB)
	Difference
(dB)

	
	
	low
	high
	

	Harmonic
	2nd
	23.9 
	28.1 
	4.2 

	
	3rd
	9.9 
	13.0 
	3.1 

	
	4th
	10.5 
	10.8 
	0.3 

	
	5th
	10.4 
	[12.0]
	[2]

	Harmonic mixing
	UL1/DL3
	24.3 
	37.8 
	13.5 

	
	UL2/DL3
	5.8 
	10.4 
	4.6 

	
	UL3/DL2
	8.3 
	22.6 
	14.3 

	
	UL1/DL5
	28.0 
	31.0 
	3.0 

	Intermodulation
	IMD2
	24.0 
	32.5 
	8.5 

	
	IMD3
	20.0 
	25.0 
	5.0 

	
	IMD4
	4.0 
	12.0 
	8.0 

	
	IMD5
	4.0 
	6.4 
	2.4 

	
	IMD7
	1.7 
	8.5 
	6.8 

	Cross band isolation
	ACLR1
	31.3
	NA

	
	>ACLR2
	0.6 
	21.9 
	21.3 


As seen from above table, the following observations could be made.
Observation 1: for the harmonic interference, the MSD values for 2nd harmonic are much larger than those for 3rd, 4th and 5th harmonic.
Observation 2: for the IMD interference, the MSD values for 2nd and 3rd order of IMD are much larger than those for other higher orders of IMD.
Observation 3: for the harmonic mixing interference, the MSD values for different order/source seems to be ruleless, thus it is hard to get a similar conclusion like observation 1 or 2 about MSD for different order/source.
It is noted that above observations could be also applied to DC band combination. 
In view of the above observation 1 and 2, to avoid high MSD due to harmonic and intermodulation, the 2nd harmonic and 2nd and 3rd order of IMD are more worthy to be studied than other orders.

Proposal 1: to avoid high MSD due to harmonic and intermodulation, only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD are studied.
In addition, from the item on the range of biggest MSD among different band combinations (dB) in above table 1, it can also be observed that even for the same type of interference and same order/ source, the MSD difference is still very large for different band combination. We think there are at least two reasons: one is because different RF parameters are considered (e.g. performance of RF components, PCB isolation etc.) due to different band combination; the other is because different Rx channel bandwidth is considered when we count the biggest MSD for different band combination. As shown in the following table, different Rx channel bandwidth has very different MSD value for the same interference.
Table 2 MSD due to harmonic cited from [2]
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n1
	n771,2
	
	23.9
	22.1
	20.9
	19.8
	19.0
	17.9
	16.8
	16.0
	15.0
	14.8
	14.3
	13.8


Observation 4: Even for the same type of interference and same order/ source, the MSD difference is very large for different band combinations especially for harmonic mixing
Observation 5: Different Rx channel bandwidth has very different MSD values for the same interference.
From these points of view, it is not that feasible to specify general “low MSD” requirements for large number of CA and DC band combinations having high MSD issues.
Proposal 2: don’t specify general /uniform “low MSD” requirements for all those CA and DC band combinations having high MSD issues even for the same types and same order/source of interference.
Regarding how to select a limited set of band combinations for the study, either based on the typical band combinations for each type of interference or based on operator’s request is acceptable to us. 
1 Conclusion

In this paper, we give the further analysis on high MSD issue and make the following observations and proposals:
Observation 1: for the harmonic interference, the MSD values for 2nd harmonic are much larger than those for 3rd, 4th and 5th harmonic.
Observation 2: for the IMD interference, the MSD values for 2nd and 3rd order of IMD are much larger than those for other higher orders of IMD.
Observation 3: for the harmonic mixing interference, the MSD values for different order/source seems to have no rule, thus it is hard to get a similar conclusion like observation 1 or 2 about MSD for different order/source.
Proposal 1: to avoid high MSD due to harmonic and intermodulation, only the band combinations that having 2nd harmonic and 2nd/ 3rd order of IMD are studied.
Observation 4: Even for the same type of interference and same order/ source, the MSD difference is very large for different band combinations especially for harmonic mixing

Observation 5: Different Rx channel bandwidth has very different MSD values for the same interference.
Proposal 2: don’t specify general /uniform “low MSD” requirements for all those CA and DC band combinations having high MSD issues even for the same types and same order/source of interference.
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