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1	Introduction
A WF [1] on study for lower MSD was approved in RAN4#104bis-e, in which it was agreed that “MSD improvement is feasible”.  The remining task in the study phase of the WI [2] is to further “study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed”. In the sequel, we further discuss the signalling design based on our previous contribution [3].
2	Discussion
Various contributions from a good number of companies in the last meeting have shown that it’s feasible for a UE to achieve more than 10dB better MSD performance than the minimum requirements specified by 3GPP. Since the self-interference causing the MSD may not happen before a band combination is configured, the network cannot detect the potential self-interference level at the UE in advance based on the UE’s measurement reports. By enabling the UE to report its MSD performance for a given band combination, the network can make more efficient decisions on whether/when to configure the band combination for the UE or how to schedule around the potential MSD problem.
Proposal 1: Define Lower MSD as an optional UE capability, which is used to indicate that the effective level of self-interference at the UE is lower than the minimum requirements specified by 3GPP.
As agreed in [1], “per victim band per MSD type per band combination” is the starting point for granularity of the optional lower MSD UE capability, which means multiple MSD values can be reported for a band combination. 
More explicitly, <MSD value, MSD source, Victim band > may be viewed as a 3-tuple, and a list of such 3-tuples can be reported for a band combination. The MSD source is selected from a set of all possible self-interference sources such as: ULn/DLm n=2,3,4,5, m=1,2,3,4,5, cross-band ISO, or IMDn, n=2,3,4,5,6,7. The victim band information could be the band number or simply the band number index of the DL CA/DC. And the MSD value could also be an index of an interval if multiple thresholds are defined.
Proposal 2: Define the basic MSD information unit as a 3-tuple of <MSD value, MSD source, Victim band >. The source includes different MSD orders. And a list of such 3-tuples may be reported for a band combination. 
It’s well understood that the MSD requirements are defined on the condition of max UL Tx power, which is usually not reached by UEs that are away from the cell edge. With less path loss (PL), the DL signal level (RSRP) at the UE increases, while the required Tx power decreases at the same time, which in turn reduces the self-interference. Consequently, the Rx SNR at the UE improves. In the whole, the actual MSD experienced by a UE in a cell may vary significantly, depending on its location, channel condition, and etc. And this has profound effect on the network scheduler as well as the signaling design.
First of all, even if the remaining MSD level is relatively high after improvement, it may still be useful to report for the reasons above. And 15dB as discussed in the last meeting seems to be a reasonable upper bound, while even larger remaining MSD (>15dB) will probably not affect the network’s scheduling decisions. In the meantime, the threshold of 0dB may be defined as a special case to indicate no REFSENS degradation after improvement. If the lower MSD capability is not signaled, the network can simply assume that the UE complies with the minimum requirements by 3GPP.
Proposal 3: For reporting MSD values, define multiple intervals as: MSD=0dB, MSD≤[5]dB, MSD≤[10]dB, MSD≤[15]dB.
In summary, the basic unit of the lower MSD information to be reported to the network for a given band combination is shown in Table 1.
Table 1: Lower MSD Information Unit for a band combination
	Lower MSD 3-tuple
	<MSD value, MSD source, Victim band>

	MSD Value
	The index of {MSD=0dB, MSD≤[5]dB, MSD≤[10]dB, MSD≤[15]dB}

	MSD Source
	The index of the set of {ULn/DLm (n=2, …,5, m=1, …,5), cross-band ISO, IMDn (n=2, …,7)}

	Victim Band
	Band no or the band index within the DL band combination



Secondly, how to estimate the actual MSD experienced by the UE from the network side is worth further study. As mentioned before, UEs located at the centre of the cell or being close to the gNB would require less Tx power and hence suffer less self-interference than claimed in the MSD report. 
Additionally, the network may need to derive the lower MSD capability for a different power class than the one reported by the UE. The power class is also a per-band combination capability, and a UE reports the highest power class it supports for a band combination. If lower MSD is also reported per-band combination, the question that follows is how to derive the lower MSD capability for lower power classes in the event of power class fallback caused by e.g., the limitation of p-Max.
In both scenarios discussed above, the root cause of the challenge is that the UL Tx power may be different from that assumed by the reported lower MSD capability. Approximately speaking, there’re two major tasks for the network when utilizing the reported lower MSD information: 
1) Estimate the UE Tx power;
2) Derive the self-interference level at the UE based on UL Tx power, UL/DL resource allocation as well as the lower MSD information. 
Combining such information and other CSI reports, the network may predict the Rx SNR at the UE more accurately, and hence schedule the resources more efficiently. 
[bookmark: _GoBack]For the 1st task, the network may utilize the PL estimates based on the RSRP measurement reports even before an UL on a given band is configured, or reply on the PHR reports after the UL is activated. For the 2nd task, the network needs to know the relationship between the UL Tx power and the MSD. Generally speaking, how much MSD is reduced when the UL Tx power is lower than the maximum power depends on many factors, including MSD source, MSD order as well as UE implementation. Instead of the network making conservative estimations, it would be beneficial for the UE to report additional information, e.g., the ratio of MSD reduction to Tx power reduction is: 2:1, 2.5:1, or 3:1, etc.
Proposal 4: In order to facilitate the network to estimate the self-interference level at the UE, allow and enable the UE to report the ratio of MSD reduction to Tx power reduction. The detailed signaling design is FFS.
A single-bit low MSD indication as well as a joint solution that combines the single-bit indication with additional MSD report were discussed in the last meeting [3][4]. Regarding the proposals in [4], we think it’s unnecessary to use different thresholds for different power classes or different MSD values. The network scheduler would be mainly concerned about the expected Rx SNR at the UE while larger MSD values usually means lower SNR. Based on the schemes in both [3] and [4], the single-bit low MSD indication may be modified as below:
Table 2: The single-bit low MSD indication for a band combination
	Bit Value
	Meaning

	Absent
	The UE complies with the minimum requirements for MSD specified by 3GPP. This is also the default for legacy UEs.

	0
	The UE has improved at least one of the MSD performances related to the given band combination. The network may further enquire the UE for detailed low MSD information such as value, source and victim band.

	1
	The UE has improved all of the MSD performances related to the given band combination with MSD≤[5]dB.


Proposal 5: Adopt a joint reporting solution which combines the single-bit low MSD indication (as described in Table 2) with detailed low MSD information (as described in Table 1). The single-bit low MSD indication can be signaled together with the report of supported band combinations. The detailed low MSD information may be signaled upon network request.
In 3GPP specifications, MSD requirements are defined as REFSENS exceptions. Since version 17.6.0 of TS 38.101-1, up to two test points may be defined for each band combination per source of MSD according to the WF [5]. Since the 1st test point (TP#1) is mandatory and the 2nd test point (TP#2) is optional [5], it seems more reasonable to define the low MSD capability based on TP#1. And the network scheduler needs to extrapolate the MSD value for the actual DL/UL BW in use.
Proposal 6: Define and evaluate the lower MSD capability based on the 1st test point for a band combination in the 3GPP spec. 
For high order band combinations, the MSD requirements are already specified by the lower order fallbacks. There’s no need to report the low MSD capability separately. Similar ideas were proposed in [6][7]. In particular, the minimum BC units to report MSD are proposed in [7], which can be the starting point for further discussion.
Proposal 7: For a band combination consisting of more than 3 bands DL, the lower MSD capability is derived based on that of the 2/3 bands DL fallbacks, which are the minimum BC units to report lower MSD. 
3	Conclusion
Following the confirmation of the feasibility of MSD improvement in [1], we have presented detailed solutions for reporting the lower MSD capability, which demonstrates that it is also feasible for a UE to signal improved lower MSD performance capability for combinations where MSD is allowed. Our proposals are re-captured as below.
Proposal 1: Define Lower MSD as an optional UE capability, which is used to indicate that the effective level of self-interference at the UE is lower than the minimum requirements specified by 3GPP.
Proposal 2: Define the basic MSD information unit as a 3-tuple of <MSD value, MSD source, Victim band >. The source includes different MSD orders. And a list of such 3-tuples may be reported for a band combination.  
Proposal 3: For reporting MSD values, define multiple intervals as: MSD=0dB, MSD≤[5]dB, MSD≤[10]dB, MSD≤[15]dB.
Proposal 4: In order to facilitate the network to estimate the self-interference level at the UE, allow and enable the UE to report the ratio of MSD reduction to Tx power reduction. The detailed signaling design is FFS.
Proposal 5: Adopt a joint reporting solution which combines the single-bit low MSD indication (as described in Table 2) with detailed low MSD information (as described in Table 1). The single-bit low MSD indication can be signaled together with the report of supported band combinations. The detailed low MSD information may be signaled upon network request.
Proposal 6: Define and evaluate the lower MSD capability based on the 1st test point for a band combination in the 3GPP spec. 
Proposal 7: For a band combination consisting of more than 3 bands DL, the lower MSD capability is derived based on that of the 2/3 bands DL fallbacks, which are the minimum BC units to report lower MSD. 
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