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1	Introduction
Some open issues are listed in the WF [1] on study for lower MSD, which will be further discussed in the sequel. It is proposed to prioritise the remain issues so that the group can focus on the key design tasks first.
2	Discussion
2.1	Key design aspects
Issue 2-1-3: Essential information included in the lower MSD capability 
Option 1: 
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD)
· MSD value/thresholds
Option 2: 
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD value/thresholds
Option 3: Others, including
· Power class of the aggressor UL
· Aggressor UL and victim DL bandwidth
<Agreement in main session>: 
· Use Option 2 as the starting point and discuss how to capture the other necessary parameters.
Issue 2-1-5: Interference/aggressor orders considered for lower MSD 
AH 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.


Regarding the essential information to be reported, Option 2 was the majority view in the last meeting, even though some concerns on the details remained. It has been proposed in [2] to define the basic MSD information unit as a 3-tuple of <MSD value, MSD source, Victim band>.
The details of the basic MSD information unit are shown in Table 1 below.


Table 1: Basic MSD Information Unit for a band combination
	MSD 3-tuple
	<MSD value, MSD source, Victim band>

	MSD Value
	The index within the set of {MSD=0dB, MSD≤Th1 dB, MSD≤Th2 dB, …,  MSD≤Thi dB, …, MSD≤ThM-1 dB }, where M is the total number of thresholds

	MSD Source
	The index within the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)}

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



Proposal 1: 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.
In the latest specification on reference sensitivity exceptions, UL/DL harmonic order are listed, and up to two test points may be defined using different UL/DL configurations. For example, the figure below shows the MSD requirement for CA_n1-n77 due to UL harmonic interference.
[image: ]
In previous discussions, it was proposed to use the worst-case test point as the reference UL/DL configuration for the low-MSD capability. If it’s agreeable by the group, the categories of the MSD interference sources can be considerably simplified. For example, there would be unnecessary to include the UL/DL harmonic order or differentiate between direct-hit and near-miss in the MSD source of harmonic interference and harmonic mixing.
Proposal 2: Apply the worst-case test point defined in the specification as the reference UL/DL configuration for the low-MSD capability. 
Proposal 3: The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)}. The UL/DL harmonic order are not indicated.
In [3], an exceptional case was pointed out that CA_n5-n77 suffers from harmonic interference of both UL4/DL1 and UL5/DL1, which is shown in the figure below. If the harmonic orders are not signalled, ambiguity may arise.
[image: ]
There are several potential solutions to treat such exceptional cases. One option is to require the UE to support the same low-MSD capability for all harmonic orders. For example, if the UE report MSD≤5dB for UL harmonic for CA_n5-n77, it would apply for both UL4/DL1 direct-hit and UL5/DL1 direct-hit. 
Another option is to allow the UE to report potentially different MSD information units consecutively, which correspond to the different UL/DL harmonic orders as defined in the specification. For example, UE could report < MSD≤5dB, UL harmonic, n77> and  < MSD≤10dB, UL harmonic, n77> simultaneously for CA_n5-n77, which correspond to UL4/DL1 and UL5/DL1, respectively.
Proposal 4: If a band combination could suffer from harmonic interference of different orders, treat them as exceptional cases.
Issue 2-1-7: Candidate MSD thresholds 
[Background] Agreements in RAN4#105:
· Define exact absolute Lower MSD threshold(s)
· 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
· WF
· FFS in next meeting.

Issue 2-2-1: Applicability of the lower MSD thresholds for different MSD types 
Option 1: Identical Lower MSD thresholds are applicable for all kinds of MSD. (Samsung, HW, ZTE)
Option 2: different thresholds per MSD type are needed or any other measures must be discussed to avoid a situation that UE can report lower MSD capability without any actual improvement (Nokia)
Option 3: for interference type harmonic, cross band and IMD, it’s suggested to use the identical threshold since the enhanced MSD value range for them are very close. But for harmonic mixing, it’s suggested to use relatively larger max threshold value considering such interference may be relatively hard to be enhanced (CMCC)
Option 4: Others

AH Agreement
Identical Lower MSD thresholds are applicable for each MSD mechanism


Observation 1: As per the agreement in RAN4#106, it’s only necessary to define one set of low-MSD thresholds which are applicable for quantising the MSD values caused by different MSD mechanisms/sources.
Many design options for the MSD thresholds have been proposed as summarised in [1], including uniform quantisation with step-size of 5dB, 3dB or 2.5dB as well as non-uniform quantisation with variable step-sizes. The number of bits needed varies from 2 to 4.
The fundamental question to be asked here is how the network utilises the low-MSD information reported by the UE. If the network only cares whether the MSD is sufficiently low, fewer thresholds might be needed, or maybe just one, e.g. MSD≤3dB or not. Effectively, the network makes a binary decision and treats those UEs that report MSD lower than the threshold as if they were not affected by MSD.
If the network employs more advanced scheduling algorithms, finer resolution and more thresholds may be useful. Intuitively, the increase of DL signal level could cancel out the effect of the self-interference induced by MSD. Simplistically speaking, more UEs may be treated as if they were not affected by MSD if RSRP is replaced with (RSRP-MSD) during the course of decision-making in the network scheduler.
Even more advanced yet complicated scheduling algorithms may include estimating the self-interference level from the reported MSD as well as the predicted Tx power level at the UE, which could lead to more accurate SINR prediction for decision-making. 
Proposal 5: When deciding the MSD thresholds, consider the following factors:
· How the low-MSD information is utilised by the network
· The reporting range, i.e. [0, max-MSD]
· The resolution of the thresholds, i.e. step-size
· Signalling overhead
Consider a UE that reports MSD=20dB. The network may schedule the UE when the RSRP is 20dB above the REFSENS level. In the meantime, the required Tx power level can be considerably lower (up to 20dB) than the max level owing to the reduced path loss, which would in turn reduce the MSD interference. Hence, 0 to 20dB seems to be a sufficiently large reporting range for MSD to accommodate different levels of optimisation in the network scheduler.
Proposal 6: The target reporting range for low MSD is around 0~ 20dB. And the number of bits for representing MSD thresholds are no more than 3 bits.
An example design of the MSD thresholds is shown in the Table 2 below, which employs constant step-size. Designs with variable step-sizes can be further discussed if sufficient advantage is shown.
Table 2: An example design of the MSD thresholds using constant step-size
	Index
	Low-MSD threshold
(dB)
	Note

	0
	0
	No sensitivity degradation w.r.t. REFSENS 

	1
	3 
	Actual MSD ≤ 3 dB

	2
	6 
	Actual MSD ≤ 6 dB

	3
	9 
	Actual MSD ≤ 9 dB

	4
	12 
	Actual MSD ≤ 12 dB

	5
	15 
	Actual MSD ≤ 15 dB

	6
	18 
	Actual MSD ≤ 18 dB

	7
	21
	Actual MSD ≤ 21 dB



Issue 2-2-2: Applicability of Lower MSD capability for higher order combination 
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.
Option 1a: Higher order BCs by the UE inherit the reported MSD capabilities per fallback BCs as shown in Table below. This principle is applied to even for MSD due to triple beat as far as the number of bands for UL is limited to two.  (Nokia)
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.

<Agreement in main session>: 
Use Option 1 as the baseline.

When a UE supports higher order band combinations, 3GPP specifies ΔTIB,c to allow certain relaxation in Tx power requirements as well as ΔRIB,c for relaxation in Rx sensitivity. Both factors can contribute to the relaxation of the MSD requirements for higher order band combinations. Hence, it’s reasonable to assume that higher order band combinations supported by the UE can inherit the low-MSD capabilities for the fall-back band combinations. Option 1a appears to be equivalent to Option 1 but in different forms. Either one is agreeable. 

2.2	Other issues
Issue 2-1-8: Differentiation of the lower MSD capability for power classes 
Option 1: Consider 0/5/10/15dB as PC3 thresholds applicable for all kinds of MSD, while 3dB could be considered as the offset vs power class. Lower MSD capability is applicable for PC1.5, PC2 and PC3. Allow UE to report Lower MSD capability for different power classes. (Samsung)
Option 2: identical thresholds to all aggressor power classes (HW, ZTE, vivo)
Option 3: different thresholds per MSD PC are needed or any other measures must be discussed to avoid a situation that UE can report lower MSD capability without any actual improvement (Nokia)
Option 4: 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. (HW)

· WF
· FFS in next meeting.


The MSD value is an indication of the self-interference level in the DL. To maintain the DL receiver performance, there is no need to vary the reporting thresholds according to the Tx power classes. Even if the DL performance may be compromised for the sake of UL, the decision making should be left to the network, not embedded in the MSD reporting.
Proposal 7: Use the same set of thresholds to report MSD for all aggressor power classes.
As pointed out in [2], the Tx power can have significant effect on MSD, especially for those caused by high order IMD.
One option is to report the low-MSD information for each power class, or for the power class requested by the network. Effectively, a UE may be requested to report low-MSD information for Tx power at 23dBm, 26dBm or 29dBm (i.e., PC3, PC2 or PC1.5).
A more advanced option is to report the low-MSD information at a given Tx power level which is requested by the network. The Tx power level for the UE can be predicted by the network using path loss estimate before a band combination is even configured.
Proposal 8: Allow a UE to report the low-MSD information for different power classes (i.e. 23dBm, 26dBm and 29dBm), or for the power class requested by the network. Consider to extend the reporting for other Tx power levels requested by the network. 
Issue 2-1-2: Conditions to indicate the lower MSD capability
Option 1: UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. Additionally, it is unnecessary to report the Lower MSD values in case the specified MSD itself is small or the MSD improvement is not significant. However, if UE is willing to report the values under these cases, it should not be prohibited. 
Option 2: measures must be discussed to avoid a situation that UE can report lower MSD capability without any actual improvement. 
Option 3: UE report improved MSD as long as the real MSD is below the largest value range, for example 20dB. The band combinations with less than [5dB] MSD requirements in the spec doesn’t need to report the improved MSD. 
Option 4: Others

· WF
· UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
· The amount of MSD improvement necessary for indication needs further study


If the MSD reporting range is set to [0, 20dB], any higher value that is out of the range cannot be reported. This already exclude many MSD cases where the minimum requirements are outside the reporting range. Furthermore, to ensure MSD improvement, the following requirement may be specified.
[bookmark: _GoBack]Proposal 9: For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case.
3	Conclusion
For the key design issues for low-MSD signaling, we have the following proposals:
Proposal 1: 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 2: Apply the worst-case test point defined in the specification as the reference UL/DL configuration for the low-MSD capability. 
Proposal 3: The MSD source to be reported is selected from the set of {UL harmonic, Harmonic mixing, cross-band ISO, IMDn (n=2, …,9)}. The UL/DL harmonic order are not indicated.
Proposal 4: If a band combination could suffer from harmonic interference of different orders, treat them as exceptional cases.
Observation 1: As per the agreement in RAN4#106, it’s only necessary to define one set of low-MSD thresholds which are applicable for quantising the MSD values caused by different MSD mechanisms/sources.
Proposal 5: When deciding the MSD thresholds, consider the following factors:
· How the low-MSD information is utilised by the network
· The reporting range, i.e. [0, max-MSD]
· The resolution of the thresholds, i.e. step-size
· Signalling overhead
Proposal 6: The target reporting range for low-MSD is around 0~20dB. And the number of bits for representing MSD thresholds are no more than 3 bits.
For other issues, the proposals are as follows:
Proposal 7: Use the same set of thresholds to report MSD for all aggressor power classes.
Proposal 8: Allow a UE to report the low-MSD information for different power classes (i.e. 23dBm, 26dBm and 29dBm), or for the power class requested by the network. Consider to extend the reporting for other Tx power levels requested by the network. 
Proposal 9: For the purpose of MSD improvement, if the minimum requirement for a given REFSENS exception case falls into the interval of MSD ≤ Thi dB, the actual MSD should be at least one-level lower (i.e., actual MSD ≤ Thi-1 dB) in order for the UE to report the low-MSD capability. If the actual MSD is larger than the maximum threshold ThM-1 (i.e. out of range), the UE cannot report low-MSD capability for this REFSENS exception case.
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