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Introduction
RAN4#105 approved WF of [1], where several way forwards related to signalling aspects are captured. This contribution is an update of [2] and shares our views on some of the aspects in [1]. 
Necessity of lower MSD signaling
Static Lower MSD signaling
Though we shared our views on why lower MSD signaling (so-called “static lower MSD signaling”) is useful, there have been still concerns on the introduction of the signaling. In practice, the amount of usefulness depends on e.g., network implementations, the number of UEs that indicate the capability and/or the signaling scheme.
In terms of CA admission control
Some companies commented that a lower MSD value to be reported must be even lower than the specified MSD value, otherwise, it’s not useful. It would be true, if the reported lower MSD value could be used in a following way. For instance, if a network sets a threshold for a CA band combination (BC) with specified MSD value e.g., 30 dB in a way that only when the reported lower MSD is less or equal to e.g., 5 dB, the network configures UEs with the CA BC if DL and/or UL channel conditions meet the network’s criteria. Otherwise, the network doesn’t configure the UEs with the CA BC at all. In this case, finer granularity and lower MSD report without drastic improvement wouldn’t be helpful. More specifically, even if UEs report that their MSD values are 6, 7, 8, …29 dB, handling of the UEs with any of these values is the same, i.e., no possibility of CA configuration without at least 25 dB MSD improvement.
There may be, however, a network to use the reported MSD value as offset to evaluate DL carrier channel condition before CA configuration. For instance, let’s assume CA_n3-n77 UL 2nd harmonic, the network may set a threshold, e.g., RSRP in event A4 is X dBm for n77 DL carrier for a UE without lower MSD capability. This X dBm would be very conservative provided that the specified MSD is 23.9 dB for PC3. If the lower MSD capability was not introduced, it is very less likely that not only UEs with the specified MSD, but also the UEs with even less MSD (but, with no lower MSD capability) than the specified MSD wouldn’t be able to be configured with the CA, since they are handled in the same way. If the lower MSD capability is introduced, there may be UEs with less MSD, e.g., MSD = 13.9 dB. It means that the UEs’ MSD improvement is 10 (23.9 – 13.9) dB better than the specified MSD. In this case, the threshold for those UEs becomes “X – 10” dBm. It means that UEs with better performance can have higher possibility to configured with CA by gNB depending on actual UE’s performance as well as other factors like channel conditions, available resources etc. 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.
Observation 1: Lower MSD capability can be utilized in several ways, e.g., 
· Use a reported MSD value as a threshold in order for a network to determine if a UE is configured with CA or not, e.g., a network may configure a UE with CA if the reported MSD value is smaller than the threshold.
· In this case, drastic MSD improvement is required, i.e., MSD value with smaller improvement may not be that much useful.
· Adjust a threshold for CA configuration depending on lower MSD capability, e.g., a threshold is RSRP of X dBm in event A4. If a UE has 10 dB MSD improvement for the CA, then, the threshold is relaxed by 10 dB, i.e., “X – 10” dBm. Note that there are other metrics like RSRQ, etc.
· In this case, even if a UE doesn’t have drastic MSD improvement, the reported value is still useful. 
Proposal 1: Introduce Lower MSD report as UE capability parameters and don’t introduce Lower MSD report as dynamic signaling scheme. 

Necessity of MSD zero region report 
On usefulness
Figure 1 shows an example of 2nd UL harmonic MSD test configuration, e.g., CA_n3-n77.
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Figure 1: MSD test condition for 2nd UL harmonic
Thus far, what RAN4 has discussed during lower MSD discussion is how to handle MSD in Block A according to a test scenario as illustrated in top right in Figure 1, where RAN4 has selected a combination of an aggressor UE channel bandwidth (also # of RBs) and a victim channel bandwidth so as to enable 2nd UL harmonic to hit the entire spectrum in Block A as well as most of the power to be contained in Block A. 
It’s noted that with respect to 2nd UL harmonic case for at least PC3, it is very likely that MSD in Block C would be zero if lower MSD capability is reported provided that specified MSD for this region would be a few dB. Still, however, MSD in Block B remains undefined or unpredicted. This is quite an unfortunate situation since even if a lower MSD, e.g., 15 dB is reported, if e.g., RSRP doesn’t reach a threshold, the network may avoid configuring the UE with CA, may try to configure the UE with CA using DL resource in Region C as shown in Case 1 in Figure 1, and/or may try to schedule UL resources in a way to minimize 2nd UL harmonic impact on scheduled DL resources, but if there are other users in the same network, it may not be possible for the network to take any measures to the UE.  But if the network clearly knows that e.g., Block B has no MSD, the UE might get higher possibility to configured with CA using DL resource in Block B and/or C as shown in Case 2 in Figure 1 since the network can have more flexibility in terms of available resouces. Hence, clarifying MSD = 0 dB region gives network more flexibility in terms of resource allocation and UE higher possibility in terms of CA configuration as depicted in case 2 in Figure 1.
Observation 2: Reporting from where MSD = 0 dB with respect to the center of a victim channel bandwidth in the specification(s) together with a lower MSD capability provides a network more flexibility to decide CA configuration as well as frequency resource scheduling, and this would increase possibility for the UE to get CA configured with. 
Another aspect would be there may be cases, e.g., an operator whose band doesn’t have MSD in a way that the entire channel bandwidth is impacted by an MSD root cause, but rather only an upper part of the channel has MSD as can be seen in Figure 2. 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., 30 dB as the worst case. Even if a UE has the lower MSD capability of e.g., 15 dB, with better isolation, still network may consider that the upper part of the victim channel bandwidth has 15 dB MSD as the worst case while actually, the UE may not have MSD in the upper part of the operator’s spectrum at all, i.e., MSD = 0 dB. If somehow this information is reported to the network, the operator’s network resource schedule can be free from MSD of that UE.
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Figure 2: A case where a part of victim channel bandwidth is affected by MSD
[bookmark: _Hlk127470992]Observation 3: Reporting MSD = 0 dB region can provide NW with more flexibility in terms of resource scheduling even if an operator has MSD in a limited part of their spectrum.
On feasibility
[bookmark: _Hlk127471056]A question may arise that if a noise due to MSD root cause is actually not flat? Figure 3 shows 2nd UL harmonic spectrum, where horizontal axis of -1 to +1 is corresponding to a victim channel bandwidth size. It can be seen that the noise due to 2nd UL harmonic sharply decrease as the position becomes close to the channel edges from the center. Hence, it would be likely that a UE with lower MSD capability can have wider MSD zero region than the UE without lower MSD capability. 
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Figure 3: H2 spectral extracted from [3]
Hence, even if a UE cannot indicate MSD = 0 dB based on the existing MSD test condition, i.e., in the entire Block A in the top in Figure 4, some part of Block B may have MSD = 0 dB as shown in the middle in Figure 4. Or if a UE has better lower MSD capability, the UE may have MSD = 0 dB region even in inside Block A as shown in the bottom in Figure 4. 
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Figure 4: relationship of MSD existence region between specification and a UE with lower MSD capability
Observation 4: Even if a UE with better isolation still may have challenges in achieving MSD = 0 dB based on the existing MSD definition, i.e., Block A in Figure 1, but the UE may have wider MSD = 0 dB region than UEs with poorer isolation. 
The information that MSD is 0 dB can be easily treated by a network since as far as a network allocates frequency resources to MSD = 0 dB region in the victim channel bandwidth, the resources are not affected by aggressor’ uplink power(s) in the UE. 
[bookmark: _Hlk118384971]Observation 5: The information on where MSD = 0 dB outside a victim channel bandwidth or even inside the victim channel bandwidth can be easily treated by a network since MSD in this region is not affected by aggressor’s power(s) in a UE.
Only what is necessary is simply reporting distance between the centre of MSD root cause and the starting point of MSD = 0 dB region, while the details on how to indicate the region can be discussed in RAN2.
Proposal 2: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD test configuration.
MSD report indication
This section discusses the following rest of the way forwards related to signalling.
Reported values
The WF of [1] captured a following.
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If “thresholds” here mean values, e.g., lower MSD values = {0, 6, 12 or 18 dB} to be reported by a UE, we need to consider pros and cons before making a decision. Regarding the 1st sub-bullet in the WF, if e.g., {0, 6, 12, 18} is applicable to all the MSD types and aggressor power class, the thresholds may not be the best one to reflect UE’s real performance in terms of distribution of MSD values defined in tables in specifications. If specified MSD due to e.g., IMD3, is 30 dB, it may be OK to have 6 dB granularity from specified MSD of 30 dB perspective, but the same band combination may have specified MSD of 6 dB due to e.g., IMD4, then, any UEs including all the legacy UEs has MSD less than 6 dB so that there is no meaning to have 12, 18 from MSD of 6 dB perspective. And all the UEs can report lower MSD capability for IMD4! It’s also noted that having different thresholds itself must not increase signaling overhead, but rather RAN4 spec needs to predefine these thresholds depending on MSD types, e.g., {IMD2| 0, 6, 12, 18 dB}, {IMD4| 0, 2, 4, 6 dB} etc. 
Observation 6: If thresholds are hypothetically 0, 6, 12 and 18 dB for all the MSD type/BC and if a specified MSD (i.e., minimum requirement) is e.g., 6 dB or close to 6 dB for an MSD type (e.g., IMD4) for a BC, this allows a UE to report lower MSD capability without actual improvement since all UE can easily report MSD of 6 dB since minimum requirement is 6 dB.
Proposal 3: From Observation 6, different thresholds per MSD type/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.
IMD with different orders
A WF of [1] captured the following.
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Views on each of the options
For Option 1:
Since one victim band may have more than two MSDs, it is not necessary to set the maximum number of lower MSDs to be reported. Also, if we make the lowest order MSD report mandatory and a higher order report optional, this prevents a UE from reporting lower MSD capability itself. For example, if MSD for the lowest order IMD cannot reach any thresholds to be defined, but MSD for a higher order IMD can reach one of the thresholds to be defined, the UE cannot report Lower MSD itself since the UE cannot report lower MSD value for the lowest order IMD. Though it is understandable that MSD due to the lowest order IMD has the largest impact and it is prioritized from UE performance perspective, but from an operator perspective, some operators’ spectrum holdings are nothing related to the lowest order IMD, but rather a higher order IMD.
For Option 2:
The proposal doesn’t look reasonable at all since one band combination may include multiple MSDs and each of them may slightly high (e.g., even if IMD4, if PC2 is considered, the specified MSD can be around 20 dB). 
Observation 7: Making the lowest order MSD report mandatory and a higher order report optional may prevent a UE from reporting lower MSD capability itself in case MSD for the lowest order IMD cannot reach any thresholds to be defined, while MSD for a higher order IMD can reach one of the thresholds to be defined.
Proposal 4: Do not limit the number of MSD values. 
For Option 3:
In order to further discuss option 3, 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


Though it depends on definition of BC, if CA_n1-n3-n78 is considered, there are several MSDs whose MSD values are 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. For instance, if a UE with MSD of 0 dB for PC3 and MSD of 10 dB for PC2, if a UE is PC3 status due to Pmax, the network has full flexibility, but if the UE only reports PC2 MSD information, that flexibility is lost. 
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 8: MSD type, order as well as PC information is essential since a gNB may take different measures depending on the information.
Proposal 5: UE should report not only MSD value, but also victim band, MSD type, order as well as PC if t supports lower MSD feature.
Signalling overhead
The approved WF of [1] captures the following.
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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 band per PC through all the higher order BCs since the higher 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 higher 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. It is noted that this principle can be applied to even for MSD due to triple beat as far as the number of UL bands is up to two.
Observation 9: Reporting all the lower MSD capabilities per the higher 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. 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. 
[bookmark: _Ref107570989][bookmark: _Hlk126943302]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: Lower MSD capability can be utilized in several ways, e.g., 
· Use a reported MSD value as a threshold in order for a network to determine if a UE is configured with CA or not, e.g., a network may configure a UE with CA if the reported MSD value is smaller than the threshold.
· In this case, drastic MSD improvement is required, i.e., MSD value with smaller improvement may not be that much useful.
· Adjust a threshold for CA configuration depending on lower MSD capability, e.g., a threshold is RSRP of X dBm in event A4. If a UE has 10 dB MSD improvement for the CA, then, the threshold is relaxed by 10 dB, i.e., “X – 10” dBm. Note that there are other metrics like RSRQ, etc.
· In this case, even if a UE doesn’t have drastic MSD improvement, the reported value is still useful. 
Proposal 1: Introduce Lower MSD report as UE capability parameters and don’t introduce Lower MSD report as dynamic signaling scheme. 
Observation 2: Reporting from where MSD = 0 dB with respect to the center of a victim channel bandwidth in the specification(s) together with a lower MSD capability provides a network more flexibility to decide CA configuration as well as frequency resource scheduling, and this would increase possibility for the UE to get CA configured with. 
Observation 3: Reporting MSD = 0 dB region can provide NW with more flexibility in terms of resource scheduling even if an operator has MSD in a limited part of their spectrum.
Observation 4: Even if a UE with better isolation still may have challenges in achieving MSD = 0 dB based on the existing MSD definition, i.e., Block A in Figure 1, but the UE may have wider MSD = 0 dB region than UEs with poorer isolation. 
Observation 5: The information on where MSD = 0 dB outside a victim channel bandwidth or even inside the victim channel bandwidth can be easily treated by a network since MSD in this region is not affected by aggressor’s power(s) in a UE.
Proposal 2: Further study a way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD test configuration.
Observation 6: If thresholds are hypothetically 0, 6, 12 and 18 dB for all the MSD type/BC and if a specified MSD (i.e., minimum requirement) is e.g., 6 dB or close to 6 dB for an MSD type (e.g., IMD4) for a BC, this allows a UE to report lower MSD capability without actual improvement since all UE can easily report MSD of 6 dB since minimum requirement is 6 dB.
Proposal 3: From Observation 6, different thresholds per MSD type/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.
Observation 7: Making the lowest order MSD report mandatory and a higher order report optional may prevent a UE from reporting lower MSD capability itself in case MSD for the lowest order IMD cannot reach any thresholds to be defined, while MSD for a higher order IMD can reach one of the thresholds to be defined.
Proposal 4: Do not limit the number of MSD values. 
Observation 8: MSD type, order as well as PC information is essential since a gNB may take different measures depending on the information.
Proposal 5: UE should report not only MSD value, but also victim band, MSD type, order as well as PC if t supports lower MSD feature.
Observation 9: Reporting all the lower MSD capabilities per the higher 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. 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. 
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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Issue 3-3-2: Single value/threshold or multiple thresholds

B Define the multiple thresholds for lower MSD

B FFS on whether identical thresholds can be applicable to all the MSD types and aggressor power class

B Identical thresholds can be applicable to all the band combinations
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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.

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.




image7.png
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
Jor 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.
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