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1	Introduction
A WF [1] on study for lower MSD was approved in RAN4#105, in which some open issues were listed.  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
2.1	Utilisation of MSD information from network perspective
It is well known that the MSD requirements defined in the 3GPP specifications are based on particular conditions including maximum Tx power, given DL/UL carrier frequencies and RB allocations. When the MSD related information is reported by the UE via the low MSD capability under discussion, the network scheduler still has a lot to do in order to utilise such information.
One prominent problem is how to estimate the actual MSD experienced at the UE. The aforementioned max Tx power condition typically corresponds to UEs located at the cell edge, however, more often the larger portion of UEs in a cell are not at the cell edge, hence do not need transmit at maximum power. 
As shown in Table 1 below, the MSD requirements are sensitive to the Tx power level, especially those for high order IMDs. For example, for CA_n1-n78, the MSD for IMD4 is 8dB for PC3 and 17.8dB for PC2, a change of near 10dB. Similar large differences are also observed for CA_n3-n41, CA_n3-n78 and etc.
Table 1: Example MSD requirements for different power classes.
	MSD in TS 38.101-1
	Power Class
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	PC3
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	PC2



One potential option is to signal the MSD for different power classes, including from PC3 to PC1.5 [4]. The signalling overhead will be large. Moreover, it still cannot solve the problem of assisting the network to estimate the actual MSD of the UEs which do not need maximum Tx power.
Observation 1: To report MSD per power class would increase the signalling overhead and does not solve the problem of estimating actual MSD from the network perspective.
In [3] it was proposed to allow the UE to report the ratio of MSD reduction to Tx power reduction in addition to the conventional MSD at maximum Tx power. Once the ratio is known, the network can estimate the actual MSD according to the estimated UL power level, which can be calculated from the path loss (PL) based on various CSI reports from the UE.
Proposal 1: In order to facilitate the network to estimate the actual self-interference level at the UE (based on Path Loss, CSI, etc), allow and enable the UE to report the ratio of MSD reduction to Tx power reduction.
Another potential solution is to let the UE do the calculation. The network may enquire the UE about the MSD for a given band combination at a given UL power level. Upon receiving such requests, the UE can use the ratio of MSD reduction to Tx power reduction internally, and calculate the MSD value for the given Tx power, which is then reported to the network. 
Reporting MSD for different power classes is to inform the network about the MSD for fixed UL power levels (such as 23/26/29dBm). On the other hand, to report the MSD at a UL power level requested by the network is conceptually similar, but practically more efficient and more effective.
Before configuring/activating a SCell, the network can query certain UE capabilities with filters on various conditions such as the band number. The same mechanism can be reused for enquiring low-MSD capability with a given UL power level. This process is to assist the network to estimate the actual MSD at the UE, and it does not need to be frequently executed, which makes it different from dynamic MSD reporting.
Proposal 2: Allow the UE to report the MSD value for a band combination at a given UL power level. The UL power level is requested by the network, and can be one of the filtering parameters during the capability query. The process may be executed once before a SCell is configured or activated, and can be viewed as an extension of reporting MSD per power class (i.e. MSD for 23/26/29dBm) but works more efficiently.

2.2	Basic MSD information unit
In [x], it has been proposed to define the basic MSD information unit as follows.
Proposal 3: 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. Inform RAN2 about the basic MSD information unit in a LS.
The details of the basic MSD information unit are shown in Table 2 below.
Table 2: Basic MSD Information Unit for a band combination
	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=1, …,5, m=1, …,5), cross-band ISO, IMDn (n=2, …,9)}

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



More explicitly, as per the latest 3GPP specifications, the MSD sources can be summarised in Table 3 below.
Table 3: MSD sources
	Interference source
	3GPP notations

	UL harmonic
	UL2/DL1, UL3/DL1, UL4/DL1, UL5/DL1 (Only direct-hit is counted.)

	Harmonic mixing
	UL1/DL2, UL1/DL3, UL1/DL4, UL1/DL5, UL2/DL3, UL3/DL2, UL4/DL3

	Intermodulation
	IMD2, IMD3, IMD4, IMD5, IMD7, IMD9

	Cross-band Isolation
	ACLR1, ACLR2, >ACLR2



2.3	Single-bit low-MSD indicator per BC
According to the feasibility study on MSD improvement in previous meetings, it’s feasible for a UE to achieve more than 10dB better MSD performance than the minimum requirements specified by 3GPP. And it was claimed by several companies that many practical UEs in the field exhibited very little MSD. Based on these observations, it seems reasonable to use a single-bit to indicate the low MSD capability for a given band combination. As a result, the signaling overhead can be significantly reduced.
Proposal 4: Define a single-bit low MSD indicator for a UE to signal to the network that all MSDs related to a given band combination is ≤ [5]dB.
 2.4	Other open issues in the WF
In the WF [1] of the last meeting, the following issues listed as FFS.
Issue 3-3-2: Single value/threshold or multiple thresholds 
<Agreement>:
· Define the multiple thresholds for lower MSD
· FFS on whether identical thresholds can be applicable to all the MSD types and aggressor power class
· Identical thresholds can be applicable to all the band combinations
Issue 3-2-4: Lower MSD capability for IMD with different orders 
Option 1: 
· For one band combination with 2CC as UL, when multiple IMD occurs for one victim band within the band combination, maximum two IMD orders are considered in terms of Lower MSD information reporting, among which the lowest order is mandatory and one other higher order IMD could be optionally included.
· For one band combination with 3CC as UL, only the lowest order IMD (triple beat) is considered in terms of Lower MSD information reporting.
The selected IMDs should be with the same UL/DL configurations and test points as for the minimum requirements.
Option2: if there are multiple orders of IMD for a specific band combination, only the lowest order of IMD improvement is considered to be reported 
Option 3: The interference types can include the types that are defined in 3GPP spec, i.e. harmonics, IMD, Tx leakage, harmonic mixing, etc. And the interference order can be {1, 2, 3, 4, 5} 
Option 4: Others
<Way Forward>: FFS in next meeting. 
Issue 3-2-5: Lower MSD capability for Harmonic/harmonic mixing/cross band isolation with different test points
Option 1:
For harmonic/harmonic mixing/cross band isolation, the Lower MSD capability should be derived and verified under the worst case UL/DL configuration as for the specified minimum requirements, rather than under all configurations. To be more specific:
· For harmonic, the worst case configuration is under the minimum victim DL CBW& “direct-hit” as collision type; 
· For harmonic mixing, the worst case configuration is under the minimum victim DL CBW;
· For cross band isolation, the worst case configuration is under the minimum victim DL CBW& maximum aggressor UL CBW, FFS on how to deal with the case that for a band combination UE does not support the maximum UL CBW defined for the aggressor band in the MSD table for cross band isolation.
Note: The worst case configuration for harmonic/harmonic mixing/cross band isolation is mandatorily specified. 
Option 2: Define and evaluate the lower MSD capability based on the 1st test point for a band combination in the 3GPP spec 
Option 3: Others
<Way Forward>: Combined option 1 and option 2 is considered as starting point for further discussion in next meeting, other options are not precluded.
Issue 3-4-2: Applicability of Lower MSD capability for higher order combination 
Option 1: Share the following information with RAN2: the applicability of Lower MSD capability for combinations consisting of different bands. 
· For 2-bands combination, Lower MSD information (improved MSD) are supposed to be reported separately as per source per band per band combination
· For 3-bands combination with specific UL and DL, the Lower MSD information (improved MSD) is only reported for IMD of dual UL falls into the third band DL.
· For combination with more than 3 bands, no need to report the Lower MSD capability any more.
Option 2: Low MSD capability signaling if specified for two band and three band combinations only. For three band combination, the capability is only regard to MSD on third band due to dual band uplink. If the capability is not reported, the MSD in existing specs apply. For higher order band combinations, worst case of low MSD capability signaling (largest MSD value) for the band applies 
Option 3: 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 
Option 4: If high band combination is with low MSD, then the fallback band combinations can also be considered as low MSD considering high band combination has more complex interference situations 
<Way Forward>: Using option 1 as starting point for further discussion in next meeting, other options are not precluded.

Regarding Issue 3-3-2: Single value/threshold or multiple thresholds, we think the identical thresholds should be applied for all MSD types and aggressor power class. This is because MSD is the indication of the level of self-interference, which is an important factor to determine the SINR at the UE receiver. If the external channel conditions are the same, the same MSD level would result in the same Rx SINR. 
Proposal 5: Apply identical thresholds to all the MSD types and aggressor power classes, since the impact to Rx SINR would be the same.
Regarding Issue 3-2-4: Lower MSD capability for IMD with different orders, we think a UE should be allowed to report low MSD capability for any MSD requirements that have been defined in the 3GPP specifications for a given band combination. The information can be conveyed to the network using the MSD 3-tuple as proposed in Section 2.2. In the meantime, the network may enquire low MSD capability of the UE with additional conditions on IMD order, victim band, etc., which could limit the information to be reported by the UE.
Proposal 6: 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. In the meantime, the network may enquire the low MSD capability of the UE with additional conditions on IMD order, victim band, etc., which could limit the information to be reported by the UE.
Regarding Issue 3-2-5: Lower MSD capability for Harmonic/harmonic mixing/cross band isolation with different test points, option 1 and 2 are not mutually exclusive. The consensus seems to be to define exact and explicit test configuration for the low MSD capability of a given band combination. With this reference configuration of DL/UL resources, the network or TE is able to know under what conditions the reported MSD value is obtained.
Proposal 7: Specify explicitly the exact test configurations for the low MSD capability of a given band combination. Reuse existing test points as much as possible. With this reference configuration of DL/UL resources, the network or TE is able to know under what conditions the reported MSD value is obtained.
Regarding Issue 3-4-2: Applicability of Lower MSD capability for higher order combination, the motivation is to reduce the signaling overhead, and option 1-4 are not mutually exclusive.
Proposal 8: Refine the applicability rules for applying low-MSD capability for higher order band combinations.
3	Conclusion
In this paper, we have refined the signaling design for low MSD capability and addressed the open issues as listed in the WF [1]. Our observations and proposals are summarised as below.
Observation 1: To report MSD per power class would increase the signalling overhead and does not solve the problem of estimating actual MSD from the network perspective.
Proposal 1: In order to facilitate the network to estimate the actual self-interference level at the UE (based on Path Loss, CSI, etc), allow and enable the UE to report the ratio of MSD reduction to Tx power reduction.
Proposal 2: Allow the UE to report the MSD value for a band combination at a given UL power level. The UL power level is requested by the network, and can be one of the filtering parameters during the capability query. The process may be executed once before a SCell is configured or activated, and can be viewed as an extension of reporting MSD per power class (i.e. MSD for 23/26/29dBm) but works more efficiently.
Proposal 3: 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. Inform RAN2 about the basic MSD information unit in a LS.
Proposal 4: Define a single-bit low-MSD indicator for a UE to signal to the network that all MSDs related to a given band combination is ≤ [5]dB.
Proposal 5: Apply identical thresholds to all the MSD types and aggressor power classes, since the impact to Rx SINR would be the same.
Proposal 6: 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. In the meantime, the network may enquire the low MSD capability of the UE with additional conditions on IMD order, victim band, etc., which could limit the information to be reported by the UE.
Proposal 7: Specify explicitly the exact test configurations for the low MSD capability of a given band combination. Reuse existing test points as much as possible. With this reference configuration of DL/UL resources, the network or TE is able to know under what conditions the reported MSD value is obtained.
Proposal 8: Refine the applicability rules for applying low-MSD capability for higher order band combinations.
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Table 7.3A.5-1: 2DL/2UL inter-band Reference sensitivity QPSK Prersens and uplink/downlink
configurations for PC3 CA
Band / Channel bandwidth / Nre / Duplex mode Source of
IMD
NR CA band NR band UL Fc UL/DL UL DL Fc MSD Duplex
combination (MHz) BW CLre (MHz) (dB) mode
(MHz)
CA_n1-n78 n1 1950 5 25 2140 8.0 FDD IMD4
n78 3710 10 50 3710 N/A TDD N/A
CA_n3-n41 n3 1740 5 25 1835 8.2 FDD IMD4
n41 2657.5 10 50 2657.5 N/A TDD N/A
CA_n3-n78 n3 1740 5 25 1835 26 FDD IMD24
n78 3575 10 25 3575 N/A TDD N/A
n3 1765 5 25 1860 8.0 FDD IMD44
n78 3435 10 25 3435 N/A TDD N/A
n3 N/A 5 N/A 1877.5 2.2 FDD IMD7
n78 3305 10 1 3305 N/A TDD N/A
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Table 7.3A.5-1a:

2DL/2UL inter-band Reference sensi

ity QPSK Prersens and uplink/downlink

configurations for PC2 CA
Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NRCA NR band UL Fc UL/DL uL DL Fc MSD Duplex
Configuration (MHz) BW Cire (MHz) (dB) mode
(MHz)
CA_n1-n78 n1 1950 5 25 2140 17.8 FDD IMD4
n78 3710 10 50 3710 N/A TDD N/A
CA_n3-n41 n3 1740 5 25 1835 18.4 FDD IMD4
n41 2657.5 10 50 2657.5 N/A TDD N/A
CA_n3-n78 n3 1740 5 25 1835 319 FDD IMD2
n78 3575 10 50 3575 N/A TDD N/A
n3 1765 5 25 1860 18.5 FDD IMD4
n78 3435 10 50 3435 N/A TDD N/A





