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Background
This contribution provides a TP for TR 38.881 on possible lower MSD signalling approaches as one of the options [1]. 
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[bookmark: _Toc111071355]7	Study of signalling for improved lower MSD
<To be added>
7.x Possible MSD reporting approach
7.x.x MSD reporting depending on frequency region
One of the possible information to be reported is lower MSD value together with an MSD zero region(s) provided that it may be challenging for some specified MSD whose value around 20 dB or more, e.g., lower order IMD, UL harmonics and harmonic mixing, to improve the value down to 0 dB based on the conventional MSD definition which considers the total noise within the victim channel bandwidth.
As can be seen in Figure 7.x.x-1, the requirement has been developed in a way that most of the noise, e.g., due to 2nd UL harmonic, falls into a victim channel bandwidth so that an aggressor channel bandwidth is half of the victim channel bandwidth for 2nd UL harmonic case. The noise due to 2nd UL harmonic within the victim channel bandwidth is not completely flat as can be seen in 7.x.x-	2 extracted from [R4-147741]. Hence, even if a UE cannot indicate MSD = 0 dB based on the conventional MSD definition, a part of the victim channel bandwidth can have MSD = 0 dB region(s) or significantly lower, e.g., a few dB. Moreover, higher possibility there will be that MSD zero region can be seen, higher if the order of nonlinearity term is.
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Figure 7.x.x-1: relationship of MSD existence region between specification and a UE with lower MSD capability
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Figure 7.x.x-2: H2 spectral extracted from [3]
Another aspect is that as can be seen in Figure 7.x.x-3, there may be an operator whose lower band’s 2nd UL harmonic may not have directly hit the centre of their higher band DL spectrum as the specifications where a centre frequency of f1 for an aggressor and that of f2 for a victim channel bandwidth are artificially selected to make them relation of ‘f2 = 2 x f1’. With the current specifications, a network may assume that the upper part of the victim channel bandwidth is affected by the specified MSD, e.g., 24 dB as the worst case. Even if a UE has the lower MSD capability being discussed of e.g., 10 dB, with better isolation, still network may consider that the upper part of the victim channel bandwidth has 10 dB MSD as the worst case. In reality, however, the upper part of the operator’s spectrum may not be impacted by the 2nd UL harmonic at all, i.e., 0 dB if the noise is not flat. If somehow this information is reported to the network, e.g., a frequency offset from the centre of MSD originating source is reported, the operator’s network scheduler can be free from MSD of that UE. 
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Figure 7.x.x-3: A case where a part of victim channel bandwidth is affected by MSD
In summary, the above approach that reporting MSD zero region and/or significantly lower, e.g., a few dB, with via frequency offset from the centre of the originating MSD source, may mitigate following arguments to some extent.
1. [bookmark: _Hlk118737071]An aggressor power(s) is not always the maximum and/or a victim band wanted signal level is not always at around reference sensitivity level. 
2. Operators may not always face conditions used in 38.101-1/3, e.g., for 2nd UL harmonic case, an operator has a channel bandwidth of an aggressor band whose centre UL frequency is exactly half of the centre of a channel bandwidth of a victim band.
7.y Possible signalling overhead reduction approach
7.y.y Reporting Lower MSD capabilities of only specific fallback BCs
Normally, UE capabilities for the highest order band configurations are reported to a network while accordingly, UE capabilities for the corresponding fallback band configurations are not reported since the capabilities reported in the highest order configurations are inherited to the fallback configurations. And this avoids redundant signaling to the network. 
When it comes to lower MSD capability, however, the story is different. Since MSD per victim band per MSD type per BC per PC in 38.101-1/-3 have been defined only for 1UL/2DL, 2UL/2DL and 2UL/3DL depending on MSD types assuming that they are inherited to all the higher order band combinations that a UE supports. Hence, if the UE reports lower MSD capabilities e.g., per victim band per MSD types/order per BC per PC through all the highest order BCs, the same capabilities will be reported multiple times since the highest order BCs supported by a UE include common BCs as fallbacks. In order to concretize this, assume that UE supports
-	Parent or highest order BCs: CA_n1-n3-n5-n78, CA_n1-n3-n7-n78, CA_n1-n3-n28-n78 and CA_n1-n3-n8-n78
-	For simplicity, the UE has lower MSD capability for IMD3 and cross-band isolation for only CA_n1-n3 
If we followed a conventional way, the UE needs to report lower MSD capability for CA_n1-n3 four times as shown in Figure 7.y.y-1.
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[bookmark: _Hlk118740821]Figure 7.y.y-1: Redundancy of reporting lower MSD capability based on a conventional reporting approach
[bookmark: _Hlk118740902]In summary, reporting all the lower MSD capabilities per the highest order BC supported by a UE makes signaling redundant. The redundancy can be reduced by reporting the capabilities for only fallback BCs that are captured in 38.101-1/-3 MSD tables. NW can assume that all the supported higher order BCs by the UE inherit the reported MSD capabilities per fallback BCs as shown in Table 7.y.y-1. Note that it is RAN2 responsibility to decide if lower MSD capability is specified in this way or not.
[bookmark: _Ref107570989]Table 7.y.y-1: Minimum BC unit to report MSD
	MSD Type
	Minimum BC unit

	
	1UL/2DL
	2UL/2DL
	2UL/3DL

	UL Harmonic
	X
	
	

	Harmonic mixing
	X
	
	

	Cross band isolation
	X
	
	

	IMD
	
	X
	X1

	NOTE 1: Only MSD impacting on the DL whose UL is not configured with is reported.
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Figure 1: Simulated Spectral Estimate of the H2 of a near ACLR limited SORB signal




