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1. Introduction
The indication of improved lower MSD performance for harmonic, harmonic mixing, IMD and cross band isolation had been one of the topics in the WI of further RF requirements enhancement for NR and EN-DC in frequency range 1 [1]. During last RAN4 meeting, most of the remaining issues are discussed with good progress, and an LS, a WF and a draft CR were approved [2][3][4]. However we think there are still some remaining issues that is worth to further discuss and clarify, including the usage of type “ALL” in the lower MSD report, and the aspects on the Rx antenna ports of the DL victim band in the MSD report.
In this contribution, we provide our views on these remaining issues.

2. Discussion

2.1 Clarification on the Type “ALL” of the lower MSD report 
After the MSD type “ALL” being included during RAN4#107 meeting, it had triggered intensive discussion through RAN4#108 and RAN4#108-bis meeting. And the agreements are listed below.
Agreement in RAN4#108 [5]:

	“ALL” is defined per victim band per BC
Type “ALL” denotes the actual MSD values for harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 if any are all under the reported lower MSD capability threshold for a victim band with a band combination .


Agreement in RAN4#108bis [3]:

	“Issue 1-2-3: MSD type “ALL”  

· Agreement in AH

Keep previous agreement for “ALL” type

· “ALL” should not introduce additional test cases compared to UE not declaring lower MSD or relax MSD

If UE reports ALL, it does not mean UE always suffer from all MSD types


As based on the contribution in the previous meeting[], it seem like companies still observe some confusions, though it might be worth to further discuss more detail usage or restrictions of this type “ALL”. 

First of all, as the Type “ALL” denotes the actual MSD values for harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 if any are all under the reported lower MSD capability threshold for a victim band with a band combination based on the previous agreement, it can been observed that the Type “ALL” is used for the case that there are multiple MSDs impacting the victim band of a BC, them if there is only one MSD among the harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 for the victim band of a BC, there is no need to use this type “ALL” which might only cause ambiguity with low signalling reduction gain, therefore we suggest not to use the type “ALL” when there is only one MSD among the harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 for the victim band of a BC.
Proposal 1: The lower MSD report type “ALL” should not be used when there is only one MSD among the harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 for the victim band of a BC.
Second, the previous agreement only mentioned the Type “ALL” denotes the multiple MSD values is under the reported lower MSD capability threshold for a victim band with a band combination, however it does not mention whether the actual MSD values shall be better than the MSD of the minimum requirements or not. So here we are seeking for some clarifications on this aspect with the below example.
Table 1: Lower-MSD capability classes
	Lower-MSD capability class
	Maximum allowed actual MSD

(i.e. Threshold)
	Remark

	I
	0 dB
	Actual MSD ≤ 0dB

	II
	3 dB
	Actual MSD ≤ 3dB

	III
	6 dB
	Actual MSD ≤ 6dB

	IV
	9 dB
	Actual MSD ≤ 9dB

	V
	12 dB
	Actual MSD ≤ 12dB

	VI
	15 dB
	Actual MSD ≤ 15dB

	VII
	18 dB
	Actual MSD ≤ 18dB

	VIII
	22 dB
	Actual MSD ≤ 22dB


Figure 1: Allowed lower MSD report examples
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Figure 1 shows the MSD values for PC3 DC_3_n77 with victim on band 3, and the Lower-MSD capability classes in provided in table 1 for reference.

Based on the draft CR [4], the actual MSD should be at least one-level lower  in order for the UE to report the lower MSD capability, in this case, only Lower-MSD class I, II can be reported for the harmonic mixing of PC3 DC_3_n77, while all of the Lower-MSD can be reported for the IMD2.
Then it might be questionable that whether and how this principle is applied to the type “ALL”, since the agreement simply says the actual MSD values are all under the reported lower MSD capability threshold for the type “ALL”. For example, in the case in figure 1, if a UE wants to report with the type “ALL”, then whether it is ok to report within the range of b, which means only partial MSD values are improved, other remains being compliant with the minimum requirement, then it is also question to use type “ALL” in this case instead of reporting the exact self-interference source. 
Therefore it might be much reasonable that all of the actual MSDs are improved when using the type “ALL”, which implies that all of the actual MSD should be at least one-level lower than the smallest non-zero MSD among the minimum requirements of the harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 if there is any. For example,  in the case in figure 1, a UE can only report Lower-MSD class I, II for type “ALL”, and all of the actual MSD shall be one level lower than the minimum requirement for harmonic mixing (which is the smallest non-zero MSD in this case) in order to  report the type “ALL”. Another alternative can be similar to what we proposed before [7], to consider a smaller maximum allowed actual MSD threshold for the “ALL” type, only MSD class I, II is allowed, which seems to be much simplified.
Proposal 2: RAN4 to further discuss the condition for reporting type “ALL”.
Option 1: The Maximum allowed actual MSD of the reported MSD class for type ALL shall be smaller than the smallest non-zero MSD among the minimum requirements of the harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 if any.
Option 2: Consider a smaller maximum allowed actual MSD threshold for the “ALL” type, only MSD class I, II is allowed.

2.2 Applicability of more than 2Rx support for the victim DL in the Lower MSD capability 
In RAN4#108 meeting, we provide a proposal regarding the assumption of the number of Rx antenna ports for the victim band, given that the MSD requirement will be different based on the current specifications [7]. However the topic was not discussed due to the limited time. Hence, we re-discuss this topic in this contribution.
	From the 38.101-1 and 38.101-3, it can be observed that the MSD for the minimum requirement will be increased by additional delta if the victim band support 4Rx or 8Rx, as the MSD requirements in the table is assumed with 2Rx.
For operations with 4 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,4R in Table 7.3.2-2 when MSD > 0.



	For operations with 4 or 8 Rx antenna ports in an E-UTRA band or 4Rx antenna ports in an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,4R in Table 7.3.1-1a or ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or ΔRIB,4R in Table 7.3.2-2 of TS 38.101-1 for the NR band when MSD > 0.


Then in the general section 7, the specification mentions that if the UE is equipped with four or eight Rx antenna ports,  then the UE shall be verified with four or eight Rx antenna ports, and skip the two Rx antenna ports requirements.
In 38.101-1 V18.3.0:

	For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four Rx antenna ports and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.
The above rules apply for all clauses with the exception of clause 7.9.


In 38.101-3 V18.3.0:

	For the requirements of FR1 in this clause, the UE shall be verified with four or eight Rx antenna ports and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.


Although the above rule is for the minimum requirements, it is reasonable and straightforward to apply in the verification of the lower MSD test that if the UE is equipped with four or eight Rx antenna ports for the victim band of the BC, the lower MSD capability is verified with four or eight Rx antenna ports. Note that as the MSD value for the minimum requirement is increased, the range of the allowed lower MSD capability class will be different. And the network should also use the same assumption based on the per band signalling, maxNumberMIMO-LayersPDSCH in the UE report as it seems the only IE that links to the number of Rx antenna support.
Proposal 3: If the UE is equipped with four or eight Rx antenna ports for the victim band of the BC, the lower MSD capability is verified with four or eight Rx antenna ports.
Proposal 4: Discuss to include an additional description in the specifications for the aspects in proposal 3.  
Proposed text for 38.101-1 below:

NOTE 1: 
The [LowerMSD] capability is verified by reusing the RAN4 MSD test point parameters and only replacing the minimum MSD requirement value by the threshold of the reported lower-MSD capability class. And, similar to the specified MSD, only the highest supported power class or the power class required by the certification/regulation body per UL configuration is verified. 

NOTE 2:
If the UE is equipped with four or eight Rx antenna ports for the victim band of the BC, the lower MSD capability is verified with four or eight Rx antenna ports with the increased MSD values of the minimum requirement based on the description in 7.3A.1.
3. Conclusion

Four proposals are made in this contribution. 
Proposal 1: The lower MSD report type “ALL” should not be used when there is only one MSD among the harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 for the victim band of a BC.
Proposal 2: RAN4 to further discuss the condition for reporting type “ALL”.
Option 1: The Maximum allowed actual MSD of the reported MSD class for type ALL shall be smaller than the smallest non-zero MSD among the minimum requirements of the harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 if any.
Option 2: Consider a smaller maximum allowed actual MSD threshold for the “ALL” type, only MSD class I, II is allowed.

Proposal 3: If the UE is equipped with four or eight Rx antenna ports for the victim band of the BC, the lower MSD capability is verified with four or eight Rx antenna ports.
Proposal 4: Discuss to include an additional description in the specifications for the aspects in proposal 3.  
Proposed text for 38.101-1 below:

NOTE 1: 
The [LowerMSD] capability is verified by reusing the RAN4 MSD test point parameters and only replacing the minimum MSD requirement value by the threshold of the reported lower-MSD capability class. And, similar to the specified MSD, only the highest supported power class or the power class required by the certification/regulation body per UL configuration is verified. 

NOTE 2:
If the UE is equipped with four or eight Rx antenna ports for the victim band of the BC, the lower MSD capability is verified with four or eight Rx antenna ports with the increased MSD values of the minimum requirement based on the description in 7.3A.1.
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