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Introduction
RAN4#104-bis-e approved WF of [1], where several way forwards related to signalling aspects are captured. This contribution shares our views on some of the aspects in [1]. 
Necessity of signaling improved lower MSD 
MSD zero region 
There was intensive discussion on whether lower MSD signalling is useful or not, and how values should be reported, e.g., upper threshold (15 or 18 dB etc.,) and its granularity between 0 dB and 15 dB, or 18 dB by e.g., 5 or 6 dB step each). Though we shared several ways to utilize lower MSD capabilities in [2], some companies still showed concern on the introduction of lower MSD capability. What we have observed is two arguments.
1. 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.
As can be seen in Figure 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. Moreover, in some cases, considering side-lobe of the 2nd UL harmonic, there are requirements called “near miss” as well. The noise due to 2nd UL harmonic is not flat even within the victim channel bandwidth as can be seen in Figure 2 extracted from [3]. Hence, even if a UE cannot indicate MSD = 0 dB based on the existing MSD definition, a part of the victim channel bandwidth can have MSD = 0 dB region(s) specifically when the order of non-linearity term is higher.
Observation 1: Even if a UE with better isolation still may have challenges in achieving MSD = 0 dB based on the existing MSD definition for MSD type like lower order IMD, UL harmonics and harmonic mixing while it may be possible to have MSD = 0 dB region(s) even within the victim channel bandwidth.  
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Figure 1: relationship of MSD existence region between specification and a UE with lower MSD capability
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Figure 2: H2 spectral extracted from [3]
The information that MSD is 0 dB would be easily treated by a network since as far as a network allocates frequency resources to this region in the victim channel bandwidth, the resources are not affected by aggressor’ uplink power(s) in the UE. 
[bookmark: _Hlk118384971]Observation 2: The information on where MSD = 0 dB within a victim channel bandwidth (or even outside the victim channel bandwidth) would be easily treated by a network since MSD in this region is not affected by aggressor’s power(s) in a UE.  It’s noted that in our view, MSD lower MSD capability information based on the conventional method is also still valuable.
Another aspect would be there may be an operator whose lower band’s UL 2nd harmonic may not have directly hit their higher band DL spectrum as can be seen in Figure 3. If a UE doesn’t have so-called lower MSD capability being discussed, a network may assume that the upper part of the channel bandwidth is affected by the specified MSD, e.g., 24 dB as the worst case. If a UE has the lower MSD capability 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 while actually, the upper part of the operator’s spectrum may not be impacted by the 2nd UL harmonic at all, i.e., 0 dB. If somehow this information is reported to the network, the operator’s network schedule can be free from MSD of that UE. 
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Figure 3: A case where a part of victim channel bandwidth is affected by MSD
Observation 3: If MSD = 0 dB region is reported to a network by a UE, that information can be utilized by an operator network that doesn’t have frequency separation between bands to cause an MSD that directly hits the victim channel bandwidth.
Proposal 1: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD definition.
Ways to utilize lower MSD capability 
Static approach
Since we have already shared our views in [2], here we focus on explaining that DL centric static approach can utilize lower MSD capability information assuming CA_n3-n78 configuration with consideration of UL harmonic interference (to fall into n78) and IMD2(to fall into n3 DL) as an example to make the discussion simpler. It should be noted that there are other aspects not mentioned in the below.
For common to DL CA and UL CA, one of the approaches would be admission control. There was a discussion that there is a network which doesn’t configure a UE with certain CA whose specified MSD is huge, e.g., 30 dB at all. This would come from the fact that there is no way for the network to differentiate UEs ability in terms of MSD for the CA configurations. If a UE indicates a lower MSD capability, the network can set a threshold to configure UEs with CA and some of the UEs would enjoy the CA configurations. 
In another approach, specifically with respect to DL CA, a network would check n78 DL carrier channel condition before configuration and the network may have a threshold to configure a UE with n78 DL carrier. In this case, lower MSD capability would be utilized in a way that if the NW has a threshold, e.g., RSRP in event A4 is X dBm for n78 configuration for a UE without lower MSD capability, the threshold can be optimized according to lower MSD capability. For example, if there are UEs with lower MSD capability, e.g., with 10 dB, 20 dB and 30 dB less MSD than the specified MSD, the threshold becomes “X – 10” dBm, “X – 20” dBm and “X – 30” dBm, respectively. Regarding UL CA, the NW also may have a threshold on n3 DL carrier to be impacted by IMD2 to configure n78 UL like DL CA. It should be noted that in addition to RSRP, other metrics may be used for deciding carrier assignment/activation, such as RSRQ, RS-SINR, CQI, Pathloss etc. The MSD-derived offsets on those metrics may also be applied for such decisions.
Moreover, if MSD = 0 dB region is indicated by a UE, e.g., via offset frequency from the center of the victim channel bandwidth (this is the origin of the MSD source), the network can handle the resources over the region without considering something complicated.
Observation 4: With static DL centric approach, lower MSD capability can be utilized in several ways, e.g., 
· Simply using a lower MSD capability value as admission control of CA configuration
· Adjusting a threshold for CA configuration depending on lower MSD capability, e.g., RSRP in event A4 is X dBm threshold for a UE without lower MSD capability and if a UE has 10 dB MSD, then, the threshold is relaxed by 10 dB, i.e., X - 10 dB. Note that there are other metrics like RSRQ, etc.
· Frequency resources can be FDMed, if MSD = 0 dB region is indicated 
MSD report indication
This section discusses the following rest of the way forwards related to signalling.
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How lower MSD capability is indicated
This section addresses following way forwards.
· Whether the lower MSD capability is a per BC capability
· how to handle a band combination with different MSD types
· how to handle the same BC with different victim bands suffered the same MSD type and order
· Whether lower MSD capability for different interference sources could be reported separately
· Whether lower MSD capability means all MSD types for a band combination have been improved
Per BC, per MSD type, order and/or per victim band
In order to discuss whether the lower MSD capability is a per BC capability or not, Table 3-1 is provided as below.
Table 3-1: PC 3 MSDs contained in CA_n1-n3-78
	NR-CA
	UL
	UL
	DL
	MSD dB
	Source of MSD

	CA_n1-n3
	n1
	n3
	n1
	23
	IMD2

	CA_n1-n3
	n1
	N/A
	n3
	3@5MHz, …
	Cross band isolation

	CA_n1-n78
	n1
	N/A
	n78
	8@5MHz
	IMD4

	CA_ n3-n78
	n3
	N/A
	n78
	23.9@10 MHz,…
	Harmonics

	CA_ n3-n78
	n3
	n78
	n3
	26@ 5 MHz
	IMD2

	CA_ n3-n78
	n3
	n78
	n3
	8@ 5 MHz
	IMD4

	CA_ n3-n78
	n78
	N/A
	n3
	8.1@ 5 MHz
	Harmonic mixing

	CA_n1-n3-n78
	n1
	n3
	n78
	28.4@ 10 MHz
	IMD2

	CA_n1-n3-n78
	n1
	n3
	n78
	11.2@ 10 MHz
	IMD4

	CA_n1-n3-n78
	n1
	n78
	n3
	27.9@ 5 MHz
	IMD2


Per BC vs per MSD type and/or order per BC
Though it depends on definition of BC, if CA_n1-n3-n78 is considered, there are several MSDs whose level is more than 20 dB. If only one lower MSD capability per BC is allowed to report, it is too rough and brings the unfortunate situation to lower MSD capability due to following reasons.
· The amount of improvement of the respective MSDs is different, e.g., MSD due to IMD2 for CA_n3-n78 is 15 dB, but MSD due to UL harmonics is 5 dB, the UE needs to report 15 dB. The NW receiving that information has no idea on what to do since it’s not clear if 15 dB is for IMD2 and/or UL harmonics.
· Even if an accompanied MSD type is reported with 15 dB, NW loses a way to utilize 5 dB MSD for UL harmonics, since the NW cannot know that the MSD for UL harmonics is even better than 23.9 dB. 
· Measures that a NW takes would be different according to the amount of MSD, MSD types to types as well as victim band etc. 
Hence, a per MSD type and/or order per BC approach provides UE vendors/chipset vendors with more flexibility in terms of UE design. As observed in our companion paper of [4], there are several ways to improve MSD due to the same MSD type (and order). There is a RF component that improves a specific MSD type and/or order while there is a RF component that improves several MSD types and/or order simultaneously. For example, in order to improve MSD due to 2nd harmonic, a UE vendor may use a PA with better H2 suppression. In this case, it may improve MSD due to only the 2nd harmonic, but it may not improve MSD due to other MSD types and/or orders. And if lower MSD capability per MSD type and/or order per BC is selected, UE can report lower MSD capability specific to a certain MSD type and/or order while lower MSD capability per MSD type and/or order per BC would require more signaling overhead than per BC.
Observation 5: Per BC makes signaling simpler than per MSD type and/or order per BC while the former doesn’t provide sufficient information for a NW to make maximum use of it if more than one MSD can be seen under the NW. 
per victim band per MSD type and/or order per BC
In case lower MSD is reported per MSD type and order, signaling may need clarification on affected victim DL bands or frequency component of the order. As can be seen in Table 3-2 where MSD due to IMD for CA_n28-n74 is captured, there are two IMD4 per pair of UL bands per BC. Hence, it is not clear which MSD due to IMD4 is improved even if lower MSD capability is reported per MSD type and order per BC. 
Table 3-2: MSD due to IMD for dual UL CA_n28-n74
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Observation 6: There is a case that the same BC has two different MSD due to the same MSD type and order. In this case, per MSD type and order per BC cannot differentiate them without additional identification, e.g., victim DL band or frequency component of the order.
Proposal 2: Consider reporting victim band together with MSD type
Powe Class
If a single low MSD capability is applicable to both PC2 and PC3 or not was discussed in [2]. MSD minimum requirements for different power classes can be significantly different depending on MSD type and the order. For instance, MSD due to IMD4 for PC3 is 8.3 dB while MSD for PC2 is 18.6 dB for dual UL CA_n5-n77 and the difference is more than 10 dB.  Obtaining this difference must be very important. Suppose a UE’s MSD is 10 dB for PC2 and 0 dB for PC3 a given victim band per MSD type and order per BC. Since a NW which doesn’t allow a UE to transmit more than 23 dBm due to regulation, the NW should not refer to the value of 10 dB. But if the NW obtains 0 dB for PC3, then, a measure for 0 dB for PC3 that the NW takes may be different from that for 10 dB for PC2. It’s noted that the details are captured in [4].
Observation 7: MSD minimum requirements for the same MSD type and/or order can be very different from PC to PC, e.g., in some cases, the difference is more than 10 dB, e.g., IMD4 for dual UL CA_n5-n77. 
Proposal 3: Allow UE to report different lower MSD capability according to power class
Signalling overhead
The approved WF of [1] captures the following.
[image: ]In our view, all the three are not mutually exclusive. Normally, UE capabilities for the highest order band configurations are reported to a network while UE capabilities fallback band configurations are not reported since we know that the capabilities reported in the highest order configurations are inherited to the corresponding 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 assuming that they are inherited to higher order band combinations. Hence, if a UE reports lower MSD capabilities e.g., per victim band per MSD types/order per BC per PC through all the highest order BCs since the highest order BCs supported by a UE include the same fallback BCs. 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 only CA_n1-n3 for a certain type of MSD 
If we followed a conventional way, the UE needs to report lower MSD capability for CA_n1-n3 four times as shown in Figure 3.
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Figure 4: Redundancy of reporting lower MSD capability based on a conventional reporting approach
[bookmark: _Hlk118740888]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 4. Note that it is RAN2 responsibility to decide if lower MSD capability is specified in this way or not.
Observation 8: 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 4. 
[bookmark: _Ref107570989]Table 4: 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.



Conclusion
This document has made the following observations and proposals:
Observation 1: Even if a UE with better isolation still may have challenges in achieving MSD = 0 dB based on the existing MSD definition for MSD type like lower order IMD, UL harmonics and harmonic mixing while it may be possible to have MSD = 0 dB region(s) even within the victim channel bandwidth.  
Observation 2: The information on where MSD = 0 dB within a victim channel bandwidth (or even outside the victim channel bandwidth) would be easily treated by a network since MSD in this region is not affected by aggressor’s power(s) in a UE.  It’s noted that in our view, MSD lower MSD capability information based on the conventional method is also still valuable.
Observation 3: If MSD = 0 dB region is reported to a network by a UE, that information can be utilized by an operator network that doesn’t have frequency separation between bands to cause an MSD that directly hits the victim channel bandwidth.
Proposal 1: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD definition.
Observation 4: With static DL centric approach, lower MSD capability can be utilized in several ways, e.g., 
· Simply using a lower MSD capability value as admission control of CA configuration
· Adjusting a threshold for CA configuration depending on lower MSD capability, e.g., RSRP in event A4 is X dBm threshold for a UE without lower MSD capability and if a UE has 10 dB MSD, then, the threshold is relaxed by 10 dB, i.e., X - 10 dB. Note that there are other metrics like RSRQ, etc.
· Frequency resources can be FDMed, if MSD = 0 dB region is indicated 
Observation 5: Per BC makes signaling simpler than per MSD type and/or order per BC while the former doesn’t provide sufficient information for a NW to make maximum use of it if more than one MSD can be seen under the NW. 
Observation 6: There is a case that the same BC has two different MSD due to the same MSD type and order. In this case, per MSD type and order per BC cannot differentiate them without additional identification, e.g., victim DL band or frequency component of the order.
Proposal 2: Consider reporting victim band together with MSD type
Observation 7: MSD minimum requirements for the same MSD type and/or order can be very different from PC to PC, e.g., in some cases, the difference is more than 10 dB, e.g., IMD4 for dual UL CA_n5-n77. 
Proposal 3: Allow UE to report different lower MSD capability according to power class
Observation 8: 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 4. 
Table 4: 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
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2.4 How to obtain the threshold(s) of improved MSD
< Way forward>:

The threshold(s) can be further considered together with the MSD signaling part in next meeting




image5.png
3.4 How to indicate the MSD is improved for a band combination

<Way forward >:

The following aspects related to lower MSD signaling will be further discussed in next meeting.

Whether the lower MSD capability is a per BC capability
*  how to handle a band combination with different MSD types

*  how to handle the same BC with different victim bands suffered the same MSD type and order

Whether lower MSD capability for different interference sources could be reported separately

Whether lower MSD capability means all MSD types for a band combination have been improved

Whether delta MSD compared to the minimum requirements or directly improved MSD values to be reported
Whether a single/unique MSD value or MSD threshold(s) for a band combination to be considered

= IfMSD threshold(s), whether a single MSD threshold value or could be multiple intervals? Exact absolute threshold(s)
or relative threshold(s)? Different or same threshold(s) for different interference type?

Relation between MSD reduction and UL power back-off
Applicability of lower MSD capability for different power class
Signaling overhead for the lower MSD capability
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Assue 3-4-z: Applicabity of Lower M>D capabilily for higher order combination
Option 1:

- 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: share the information on relation between higher order BCs and fallback BCs in terms of lower MSD capability with
RAN? if lower MSD capability is specified.

Option 3: For a band combination consisting of more than 3 bands DL, the low MSD capability is derived based on that of the 2/3
bands DL fallbacks.

Almost all companies agree that these options are not mutually exclusive and they can be consolidated. Proposal based on above
options can be further elaborated.

/

B Recommended WF for issues in sub-topic 3-4

Need further discussion when analyzing the details of the lower MSD capability.
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» Each of the fallback BCs can have multiple MSD per MSD types
* In other words, the redundancy can be significant





