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1 Introduction

In the last meeting, a WF [1] was approved for the topic on lower MSD signalling, in which the following agreements were achieved. 
	< Way forward >: 
Issue 2-1-1: UE reported lower MSD capability vs NW configured value

<Agreement>: 
· it’s the UE reported MSD capability and let gNB use such information to determine final behavior considering the trade-off between UL performance gain and DL degradation rather than letting gNB determine candidate values and letting UE report which/whether is supported 

Issue 2-1-3: Essential information included in the lower MSD capability
<Agreement>: 
· Use Option 2 as the starting point and discuss how to capture the other necessary parameters.

· Option 2: 

· 
Victim band

· 
MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders

· 
MSD value/thresholds
Issue 2-1-5: Interference/aggressor orders considered for lower MSD
<Agreement>: 

· Option 2: A UE should be allowed to report the low MSD capability for any MSD requirements that have been defined in the 3GPP specifications for a given band combination.

· The reported low MSD should be tested againt the existing test configuations.

Issue 2-1-9: Dyanmic capability reporting in Rel-18
<Agreement>:
· Don’t introduce Lower MSD report as dynamic signaling scheme in Rel-18.
Sub-topic 2-2: Applicability of lower MSD capability
<Agreement>: 

· Identical Lower MSD thresholds are applicable for each MSD mechanism
Issue 2-2-2: Applicability of Lower MSD capability for higher order combination
<Agreement>: 

· Use the following option 1 as the baseline.

Option 1: Lower MSD capability for higher order combination is inherited from lower order fallback combinations 

· For 2-bands combination, the MSD values (or capability class) are supposed to be reported separately as per victim band per MSD type per band combination

· For 3-bands combination, the MSD values (or capability class) are only reported for IMD of dual UL falling into the third band DL, other kinds of Lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) could inherit from 2-band combinations with the same power class.

· For combination with more than 3 bands, no need to report the Lower MSD capability any more, the capability could inherit from the fallback combinations with the same power class.

Issue new: Conclusion proposal for the study phase of lower MSD in RAN#99
· The feasibility for MSD improvement for all kinds of MSD has been confirmed based on the evaluation from companies on the selected example band combinations.
· Several promising options for allowing a UE to signal improved lower MSD performance have been discussed, with which companies think it is feasible to introduce the lower MSD capability.

· Details of the lower MSD capability will be further discussed in the UE RF FR1 WI.

<Agreement in main session>: 
Capture the above proposal in SR for RAN#99.


This contribution continues to discuss those remaining open issues listed the WF.
2 Discussion
Conditions to indicate the lower MSD capability
In the last meeting, it was agreed that a UE should be allowed to report the low MSD capability for any MSD requirements that have been defined in the 3GPP specifications for a given band combination. However, there is a discussion on whether addition conditions to indicate the lower MSD capability are needed to avoid a situation that UE can report lower MSD capability with very small improvement or even without any actual improvement, due to the MSD requirement in current spec is just the minimum requirement, the actual MSD would be always lower than the minimum requirement. From our perspective, it seems make sense, but to define the necessary amount of MSD improvement is difficult and controversial, because it is hard to define a uniform and fair condition for all kinds of MSD type and band combinations. Moreover, even we define a condition that only the amount of MSD improvement is above X dB could allow UE report lower MSD capability, the network could not get a more accurate MSD value compared with no condition is defined because the network doesn’t know the UE minimum requirement. For example, if the minimum requirement of MSD is 15dB for one MSD type for one band combination, and only the actual MSD is lower 12 dB (X=3dB is assumed) could be allowed to be reported. As the reporting MSD doesn’t included the information of minimum requirement, the network could not know the actual MSD is lower than 12dB.
Observation 1: it is hard to define a uniform and fair necessary amount of MSD improvement for all kinds of MSD type and band combinations.
Observation 2: even we define a condition that only the amount of MSD improvement is above X dB could allow UE report lower MSD capability, the network could not get a more accurate MSD value compared with no condition is defined because the network doesn’t know the UE minimum requirement.

Proposal 1: No need to define the necessary amount of MSD improvement for allowing UE to indicate lower MSD capability
Essential information included in the lower MSD capability 
Based on the discussion in previous meetings, it was agreed that at least the following information would be included in the lower MSD capability. Regarding whether other information like Power class of the aggressor UL, Aggressor UL and victim DL bandwidth is needed or not, a further justification is needed.

-
Victim band
-
MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
-
MSD value/thresholds
From our perspective, for two band combinations, if the victim band and MSD types with orders are reported, we think information aggressor UL could be implicitly derived by the network side. For high order band combination, if we follow the principle in option 1 (Option 1: Lower MSD capability for higher order combination is inherited from lower order fallback combinations) stated in the WF, the information of aggressor band could be also implicitly derived by the network side.

The other issue is whether the information UL and victim DL bandwidth is needed, as there may be multiple test points were defined in current spec as shown in the following table. To our understanding, the main intention of reporting lower MSD capability is just used to inform the network that this UE has a good performance due to good design on RF factors, and the exact lower MSD value is not likely to be directly used for network scheduling. From this point view, it is not necessary to report lower MSD value for each test point. To simplify the reporting, and considering the minimum channel bandwidth has the worst case of the MSD value, it is proposed only reporting the lower MSD value for the supported minimum DL channel bandwidth. In other words, the information of aggressor UL and victim DL bandwidth is not needed. For example, for CA_n1-n77, only the test point highlight yellow would be considered.
	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)
	
	

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1

direct-hit

	n1
	n77
	20
	15
	100 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1

direct-hit

	n1
	n77
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1

near-miss


Regarding the information of power class, in our view, the lower MSD capability could be applicable for all power class such as PC1.5, PC2 and the default power class PC3, the question is whether this capability should be reported separately for each supported power class. From our view, based on the evaluation in the TR, it could be observed that improving MSD for higher PC, can also improve for the fallback PCs and as mentioned in the above, the main intention of reporting lower MSD capability is just used to inform the network that this UE has a good performance due to good design on RF factors, and the exact lower MSD value is not likely to be directly used for network scheduling. Hence, we think only reporting the MSD improvement for the supported maximum power class is preferred from the reducing signalling overhead point of view. 
Proposal 2: For the same MSD types with orders, only one lower MSD value is reported for each victim band even multiple test points are defined in the spec.
Proposal 3: the information of aggressor UL and victim DL bandwidth is not necessary.

Proposal 4: only reporting the MSD improvement for the supported maximum power class is preferred from the reducing signalling overhead point of view.
Candidate MSD thresholds 

Rregarding the exact values of the threshold set, various alternatives were proposed in the last meeting. Compared those alternatives, the main difference is max threshold and the granularity (the number of bits). Regarding the max threshold, as the intention of introducing lower MSD capability is to avoid performance loss due to the high MSD inter-band CA/DC combinations in the actual network, Therefore, if no max threshold or the max threshold is too high, it would make the capability meaningless. However, the max threshold could not be too small, because based on the evaluation in [2], even when antenna isolation is 20dB and PCB isolation is 80dB, the MSD value is still above 15dB for IMD2 for PC2 CA_n3-n78, therefore we think 20dB as max threshold is reasonable. Regarding the granularity, from our respective, as there are not enough evidences to prove that more precise numbers have more benefit for network scheduling, it is therefore only 2 bits for reporting MSD value is enough.
Proposal 5: 20dB could be as max threshold.
Proposal 6: adapt only 2 bits for reporting MSD value.
2 Conclusion

In this paper, we provide our views on lower MSD signaling based on the agreed WF and make the following proposals:
Observation 1: it is hard to define a uniform and fair necessary amount of MSD improvement for all kinds of MSD type and band combinations.
Observation 2: even we define a condition that only the amount of MSD improvement is above X dB could allow UE report lower MSD capability, the network could not get a more accurate MSD value compared with no condition is defined because the network doesn’t know the UE minimum requirement.

Proposal 1: No need to define the necessary amount of MSD improvement for allowing UE to indicate lower MSD capability
Proposal 2: For the same MSD types with orders, only one lower MSD value is reported for each victim band even multiple test points are defined in the spec.
Proposal 3: the information of aggressor UL and victim DL bandwidth is not necessary.

Proposal 4: only reporting the MSD improvement for the supported maximum power class is preferred from the reducing signalling overhead point of view.
Proposal 5: 20dB could be as max threshold.
Proposal 6: adapt only 2 bits for reporting MSD value.
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