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Introduction
RAN4#106bis-e approved WF of [1], where several way forwards related to signalling aspects are captured. Thus far, as far as we have observed, a lack of progress on thresholds and associated parameters would come from concerns on signalling overhead. Therefore, this contribution focuses on finding a way to mitigate the concerns. 
Discussion
Relation between relevant MSDs and frequency ranges
When RAN4 discusses whether an MSD type like IMD falls into a victim band, RAN4 considers the respective bands’ entire UL and DL frequency range(s). More specifically, when IMD2 for CA_n3A-n77A was studied, fn77 – fn3_UL was calculated assuming that 3300 ≤ fn77 ≤ 4200 MHz, 1710 ≤ fn3_UL ≤ 1785 MHz as UL frequency ranges by two bands. Accordingly, 1515 ≤ fn77 – fn3_UL ≤ 2490 MHz was derived. Since the frequency range overlaps with 1805 ≤ fn3_DL ≤ 1880 MHz, MSD due to IMD2 was defined. 
As some contributions have already mentioned, each operator has limited frequency range(s) per operation band, where there may be multiple frequency ranges in a band. Hence, MSD capabilities associated with MSD types and the associated orders that each operator is interested in may be very limited.
Assume that an operator has following frequency ranges in n3 and n77.
Table 1: Hypothetical frequency ranges for an operator with n3 and n77
	
	UL (MHz)
	DL (MHz)
	Width (MHz)

	n3
	1710 - 1730
	1805 - 1825
	20 x 2

	n77
	3520 - 3560 
	3520 - 3560
	40

	n77
	3700 - 3800 
	3700 - 3800
	100

	n77
	4000 - 4100 
	4000 - 4100
	100


As defined in 38.101-1, CA_n3A-n77A has multiple MSD due to several MSD types and associated orders, i.e., 
· 2nd order harmonic:
· IMD2, IMD4 and IMD7
· Harmonic mixing (UL1/DL2) 
Though we omitted details on calculation, both IMD7 (5*fn3_UL – 2*fn77) and harmonic mixing (UL1/DL2) don’t hit n3 DL if the calculation is conducted with frequency ranges in Table 1. 
For 2nd order harmonic and IMD2 and IMD4, according to Figure 1, only IMD2 hits n3 DL. The frequency region to cause IMD2 is enclosed in red lines. It’s noted that 4100 – 4200 MHz is clearly irrelevant so that the range is omitted from the Figure 1. Hence, in the example with Table 1, MSD values and associated information that the network operated by the operator is interested in is only a lower MSD capability for IMD2 among five MSDs for CA-n3A-n78 per power class, i.e., four MSD capabilities and associated information are reduced. Given that lower MSD capabilities are reported per power class, the effect of this will become close to increase and close to double for PC2 or triple for PC1.5. 
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Figure 1: Rough sketch of MSD regions for specific frequency ranges
Observation 1: If frequency ranges available per band under a network are taken into account by a UE, the UE can report lower MSD capabilities and associated information only relevant to the network. This would significantly reduce the number of lower MSD capabilities to be reported. The effect will even increase if lower MSD capabilities are signaled per power class.
UL harmonic and harmonic mixing order
We have showed concern on not reporting UL harmonic order in a few meetings. The reason is that if a network just receives a lower MSD capability for e.g., UL harmonics without any its order information for CA_n5-n77, the network has no idea on the reported value is for 4th harmonic or 5th harmonic. If a network knows the lower MSD capability is about 4th harmonic, the network may schedule n5 UL and n77 DL frequency resources even if 4th harmonic of n5 frequency resources hits the n77 DL frequency resources and may refrain from doing a similar action for 5th harmonic. But if the network doesn’t know for which order UL harmonic the MSD means, the aforementioned action may not be taken at all. For the UL harmonic, it would be true that it would be less likely that the same operator suffers from 4th and 5th UL harmonic, but still if MSD information is sent, the information shall be useful by a network.
Observation 2: For 4th and 5th harmonic for CA_n5-n77, without the information of the order, network cannot take a suitable measure.
· If a network knows the lower MSD capability is about 4th harmonic, the network may schedule n5 UL and n77 DL frequency resources even if 4th harmonic of n5 frequency resources hits the n77 DL frequency resources and may refrain from doing a similar action for 5th harmonic
One possible way is RAN4 sets a rule that in case multiple UL harmonics are defined for a CA configuration, lower MSD capability applies all UL harmonic orders, though this is not preferred way since this is implicit unless networks know the special rule. Or as elaborated in Section 2.1, if filterization is conducted via actually available frequency ranges per band under a network, in most of the cases, the ambiguity can be resolved. Assume that an operator holds the entire n5 spectrum whose UL is 824 – 849 MHz. The 4th and 5th harmonics are as follows.
· 4th : 3300 - 3396 MHz
· 5th:  4120 - 4200 MHz
It is possible for an operator to have such frequency ranges or parts of the frequency ranges, but it may be rare to see this situation that the operator aims at getting these frequency portions intentionally since it requires intra band non-contiguous CA with the maximum frequency distance. Thus, if filterization is conducted via actual frequency ranges per band under the network, the UE would report lower MSD capability for 4th or 5th accordingly, if one of them is supported. 
Observation 3: Possible ways to resolve the issue mentioned in Observation 2 are as follows.
· Setting a rule that in case multiple UL harmonics are defined for a CA configuration, lower MSD capability applies all UL harmonic orders (Not preferred way since this requires network to store the rule.
· Filterization mentioned in Section 2.1. this is not perfect, while it can address most of the cases. 
Conclusion
This document has made the following observations and proposal:
Observation 1: If frequency ranges available per band under a network are taken into account by a UE, the UE can report lower MSD capabilities and associated information only relevant to the network. This would significantly reduce the number of lower MSD capabilities to be reported. The effect will even increase if lower MSD capabilities are signaled per power class.
Observation 2: For 4th and 5th harmonic for CA_n5-n77, without the information of the order, network cannot take a suitable measure.
· If a network knows the lower MSD capability is about 4th harmonic, the network may schedule n5 UL and n77 DL frequency resources even if 4th harmonic of n5 frequency resources hits the n77 DL frequency resources and may refrain from doing a similar action for 5th harmonic
Observation 3: Possible ways to resolve the issue mentioned in Observation 2 are
· Setting a rule that in case multiple UL harmonics are defined for a CA configuration, lower MSD capability applies all UL harmonic orders (Not preferred way since this requires network to store the rule.
· Filterization mentioned in Section 2.1. this is not perfect, while it can address most of the cases. 
Proposal: Consider a following lower MSD capability filterization as one possible approach.
· Conveying actually available frequency ranges per band under a network to a UE
· Note that even now network conveys available bands under the network as filterizaiton
· UE reports only relevant lower MSD capabilities relevant to the network 
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