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Introduction
RAN4#106 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] and aims at clarifying some of the agreements to have a common understanding with companies to proceed with the future discussion. 
Discussion
Throughout following discussions, as an example, we use PC3 and PC2 CA_n3-n78 and associated MSDs summarized in Table 1 and 2, respectively whenever necessary.
Table 1: CA_n3-n78 and associated MSD for PC3
	MSD type
	Victim band
	MSD (dB)

	2nd UL H(Harmonics)
	n78
	23.9

	IMD2
	n3
	26

	IMD4
	n3
	8

	IMD5
	n3
	N/A1

	IMD7
	n3
	2.2

	HM (Harmonic Mixing) (UL1/DL2)
	n3
	02

	Note 1: There is a note saying that “This band is subject to IMD5 also which MSD is not specified”. Hence, there is MSD, but the requirement hasn’t been specified so far.
Note 2: PC2 has 8.1 dB MSD while no definition for PC3 so that here we assume that MSD is 0 dB for PC3 case.



Table 2: CA_n3-n78 and associated MSD for PC2
	MSD type
	Victim band
	MSD (dB)

	2nd UL H(Harmonics)
	n78
	27.1

	IMD2
	n3
	31.9

	IMD4
	n3
	18.5

	IMD5
	n3
	N/A

	IMD7
	n3
	N/A

	HM (Harmonic Mixing) (UL1/DL2)
	n3
	8.1



Essential information included in the lower MSD capability
The relevant WF is as follows.
[image: ]
With regard to Option 3, we still believe that at least power class information pertinent to reported lower MSD shall be reported together. As we have reiterated, MSD for PC3 and that for PC2 are quite different in some cases as can be seen in Figure 1.

Figure 1: MSD (dB) PC3 vs PC2 for CA_n3-n78
The difference will become even bigger if PC1.5 dual UL inter band CA/DC is introduced. 
Observation 1: MSD for PC3 and PC2 can be different by more than 10 dB. The difference can become even lager if e.g., PC1.5 dual UL CA with two different bands is introduced.
If MSD for the advertised PC only was indicated, network couldn’t fully utilize indicated capability. For instance, a UE supports PC1.5 dual UL CA and the UE indicates lower MSD for PC1.5, e.g., 15 dB for a band combination. The same UE, however, may have to fallback to lower Power Class. For more specific, if the UE comes to a certain country, e.g., Japan, neither PC2 nor PC1.5 for n77/n78 is allowed to be used as of the writing this contribution. Hence, the UE will receive P-Max of 23 dBm. Then, the UE shall fallback to default power class and meet all the PC3 requirements as specified in 6.2A.1.3. Now, the MSD for PC3 for the same band combination for PC3 state must be even lower 15 dB. Perhaps it may be 0 dB or a few dB, but if only MSD for PC1.5 is indicated, the NW may have no choice but relying on the indicated MSD of 15 dB, even though from network perspective, specifically MSD of 0 dB information is quite beneficial information to simplify the scheduling.
Observation 2: Not always the highest/higher power classes that a UE supports can be used, e.g., where P-Max lower than the advertised PC is indicated to the UE from the NW. In this case, the indicated lower MSD capability only based on the advertised PC may not help network fully utilize the UE’s true ability as one of the lower PCs.
Proposal 1: Power Class information shall be reported together with lower MSD value(s).
With respect to aggressor UL and DL channel bandwidth information, it would depend on our discipline, e.g., if we introduce new MSD(s) with different channel bandwidth(s) for UL and/or DL in the future. The proposal looks good for future proof, while this backward compatibility issue may happen even if e.g., we change existing MSD value. 
Observation 3: Additional parameters like aggressor UL and DL channel bandwidth would give some flexibility in the future, e.g., it may be possible to add MSD with different channel bandwidth conditions later since NW can differentiate MSD with the original channel bandwidth condition, while strictly speaking, additional flexibility for future is not limited to aggressor UL and DL channel bandwidth, but the price is extra complexity. 
Orders for IMD MSD to be reported
Although several options were listed in Issue 2-1-6 in the approved WF of [1], RAN4 agreed a following under Issue 2-1-5 in the WF.
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If we strictly follow the above agreement, we don’t need to discuss order for IMD of MSD anymore. In fact, given that lower MSD capability itself is optional capability, a UE is not forced to report MSD for all the orders if it doesn’t want to do so. Hence, there is no need to discuss this anymore. 
Observation 4: Lower MSD capability itself is optional capability. Hence, there is no need to spend time on establishing an allowed-list for order of IMD.
It is also noted that in real operation, we expect that a kind of filtering like UE-CapabilityRequestFilterNR would be used. It is noted that only four RAN2/4 meetings are left by TSG RAN#102 (Dec 2023).
Observation 5: If concern on limiting order of IMD to be reported as lower MSD capability comes from signaling overhead, it is better to ask RAN2 for the feasibility of filtering out unnecessary lower MSD capabilities as early as possible given that only four meetings are left from May to Nov 2023.
Proposal 2: Ask RAN2 for feasibility of reducing the number of signaling overhead via UECapabilityEnquiry.
Candidate MSD thresholds
There were five options in the WF of [1]. Firstly, we don’t think that we need to use a bit to indicate “Not supported the lower MSD optional capability” as included as option 2 by Meta since if UE doesn’t indicate the capability, it means legacy MSD requirements apply, i.e., no lower MSD capability.
Observation 6: No indication of lower MSD capability means legacy MSD requirement applies.
At least for us, it is very essential to indicate whether MSD is 0 dB or not. With this information, at least network can have more flexible measures in terms of resource allocation to UEs with MSD of 0 dB.
Observation 7: MSD = 0 dB information is essential given that there may be multiple networks with different level of scheduling ability. MSD = 0 dB information would be more easily utilized than other values > 0 dB. 
Regarding granularity of the thresholds, there is no perfect selection since appropriate thresholds depend on at least specified MSD values and available number of bits. For instance, from specified MSD of 30 dB (e.g., IMD2) perspective, a threshold of 15 dB may have meaning, but from specified MSD of 5 dB (e.g., IMD4), 15 dB threshold is meaningless. We also received an offline comment that linear interval between the thresholds doesn’t make sense. Hence, as far as so-called “identical thresholds” across all the reported MSDs are used, we need to give up something. If we go with 2 bits, in order to settle down this discussion, we propose a following with the consideration of observation 6, 7 and combination of some options listed in the WF of [1]. 
Proposal 3: As compromise, consider a following table as a candidate.
Note that we are open to discuss other set of thresholds.
	Bit
	Maximum allowed actual MSD (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	3 dB
	Ⅱ
	0 ＜ Actual MSD ≤ 3

	10
	6 dB
	Ⅲ
	3 ＜ Actual MSD ≤ 6

	11
	15 dB
	IV
	6 ＜ Actual MSD ≤ 15


Other lower MSD capability approaches
Report the ratio of MSD reduction to Tx power reduction
It would be true that this isn’t a dynamic MSD indication approach. It is also true that if the power decreases, associated MSD also decreases. The degree of the MSD reduction is affected by MSD types, order, ratio of the order and actual RF performance (RF may not follow exactly math). For more specific, even if we say IMD3 for CA_nX-nY, there are variations, e.g., IMD3 due to e.g., 2x+y, x+2y. For the former (2x+y), the power of Band nX has more impact on MSD than that of Band nY. As such, reporting the ratio of MSD reduction to Tx power reduction for IMD is quite complicated. MSD due to UL harmonics, harmonic mixing, cross band isolation, however, is not the case like MSD due to IMD. The ratio, however, must not be constant down to the power to bring MSD to be 0 dB so that the reported value would be somehow rounded or may have different values according to power range. Still, it would be more challenging for network to utilize the information of the ratio than lower MSD capability discussed thus far since control unit of victim band needs to know accurately Tx power on an aggressor band. And both aggressor and victim needs to have tight connection. It would be easier for network to utilize lower MSD value and received wanted signal condition (level and/or quality etc.) of the victim carrier.
Observation 8: Reporting the ratio of MSD reduction to Tx power reduction is more challenging for network to utilize the information than lower MSD capability discussed thus far. It’s also noted that this method wouldn’t be practical for MSD due to IMD. 
Report MSD = 0 dB region report
The detail of the concept is already captured in section 7.1.1 in TR38.881. From network perspective this gives us useful and network-friendly information, since the network can know where MSD doesn’t happen (or quite low if other than 0 dB is reported as well). The network can allocate RBs to MSD = 0 dB region in frequency domain. What the UE needs to report is a distance from where MSD = 0 dB (or quite low) as illustrated in Figure 3.
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Figure 2: relationship of MSD existence region between specification and a UE with lower MSD
The top in Figure 2 is the illustration of the existing requirement in 38.101-1 or -3. The middle in Figure 2 shows a case where a UE has lower MSD capability, but the amount of improvement is not significant compared to the minimum requirement, i.e., the value captured in the specifications. Still, it is expected that MSD = 0 dB region is wider than the UE without lower MSD capability. The bottom in Figure 2 shows a UE with even better lower MSD capability than middle case.
It is noted that there was a question in offline discussion, what is the test configuration for MSD = 0 dB region. The test configuration is exactly the same as the existing requirement in the current specifications expect for the position of victim DL channel bandwidth as shown in Figure 2. What the UE with MSD = 0 dB with offset distance needs to do is to meet reference sensitivity requirement without allowance of MSD.
Observation 9: Reporting MSD = 0 dB region (offset from the center of the victim channel bandwidth) is useful and network scheduling-friendly.
Observation 10: Test configuration for MSD=0 dB report is exactly the same as that of the existing requirement in the current specifications expect for the position of victim channel bandwidth, which is placed adjacent to MSD non-zero region.
Furthermore, it is expected that the requirements and associated discussion for MSD = 0 dB region must be even less complicated than those for the original lower MSD since we don’t need to discuss values of thresholds, the number of the thresholds, how to handle the MSD = 0 dB capability etc. We would be able to use a way e.g., similar to offsetToPointA,
Observation 11: MSD zero region requirement and associated discussion must be less complicated than the original lower MSD capability discussion. No discussion on thresholds, the number of thresholds etc., is needed.
Simplified lower MSD indication
There were two options related to simplified lower MSD indication in the WF of [1] as follow.
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The concept is illustrated in Figure 3 based on our interpretation of the two options.
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Figure 3: Concept of Option 3 (HW) and Option 3a (CHTTL)
It’s noted that with Huawei’s proposal (or CHTTL), e.g., n3 IMD7’s specified MSD is 2.2 dB, the UE still needs to meet not 5 dB MSD but rather 2.2 dB MSD for n3 IMD7, i.e., the requirement is Min (specified MSD, 5 dB) per MSD per band combination at least in our understanding. Otherwise, the indication becomes higher MSD capability.
These proposals make signaling scheme simpler than the original lower MSD which have been mainly discussed for around one year. What it is not clear is whether or not Huawei’s proposal is exclusive to the original lower MSD capability. If so, the price that we need to pay for is even if a UE has a lower MSD for e.g., n3 IMD2, if the others don’t meet 5 dB threshold, the UE cannot indicate lower MSD at all. CHTTL’s proposal has a little bit more flexibility compared to Huawei’s proposal. And practically, how often these two options are used in a real operation would depend on the threshold(s). If 5 dB only is defined, then, we may see UEs with this capability less often than a case that 10 dB is defined. 
In fact, there was an opinion that the lower MSD capability discussion has moved to too complicated way. Thus, we are open to keep these options alive, while the necessity of them would be feasibility of filtering out unnecessary lower MSD capabilities from network side in a way like UE-CapabilityRequestFilterNR.	
Observation 12: Single-bit lower MSD capability indicator per band combination or per victim band per band combination could be a reasonable option in case filtering out unnecessary lower MSD capabilities from network side in a way like UE-CapabilityRequestFilterNR is not feasible.
Overview of other lower MSD indication approach
From observations 8 to 12, we propose following.
Proposal 4: Further discuss MSD=0 dB region approach and Single-bit lower MSD capability indicator approach in the future meetings.
Conclusion
This document has made the following observations and proposals:
Observation 1: MSD for PC3 and PC2 can be different by more than 10 dB. The difference can become even lager if e.g., PC1.5 dual UL CA with two different bands is introduced.
Observation 2: Not always the highest/higher power classes that a UE supports can be used, e.g., where P-Max lower than the advertised PC is indicated to the UE from the NW. In this case, the indicated lower MSD capability only based on the advertised PC may not help network fully utilize the UE’s true ability as one of the lower PCs.
Proposal 1: Power Class information shall be reported together with lower MSD value(s).
Observation 3: Additional parameters like aggressor UL and DL channel bandwidth would give some flexibility in the future, e.g., it may be possible to add MSD with different channel bandwidth conditions later since NW can differentiate MSD with the original channel bandwidth condition, while strictly speaking, additional flexibility for future is not limited to aggressor UL and DL channel bandwidth, but the price is extra complexity. 
Observation 4: Lower MSD capability itself is optional capability. Hence, there is no need to spend time on establishing an allowed-list for order of IMD.
Observation 5: If concern on limiting order of IMD to be reported as lower MSD capability comes from signaling overhead, it is better to ask RAN2 for the feasibility of filtering out unnecessary lower MSD capabilities
Proposal 2: Ask RAN2 for feasibility of reducing the number of signaling overhead via UECapabilityEnquiry.
Observation 6: No indication of lower MSD capability means legacy MSD requirement applies.
Observation 7: MSD = 0 dB information is essential given that there may be multiple networks with different level of scheduling ability. MSD = 0 dB information would be more easily utilized than other values > 0 dB. 
Proposal 3: As compromise, consider a following table as a candidate.
Note that we are open to discuss other set of thresholds.
	Bit
	Maximum allowed actual MSD (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	3 dB
	Ⅱ
	0 ＜ Actual MSD ≤ 3

	10
	6 dB
	Ⅲ
	3 ＜ Actual MSD ≤ 6

	11
	15 dB
	IV
	6 ＜ Actual MSD ≤ 15


Observation 8: Reporting the ratio of MSD reduction to Tx power reduction is more challenging for network to utilize the information than lower MSD capability discussed thus far. It’s also noted that this method wouldn’t be practical for MSD due to IMD. 
Observation 9: Reporting MSD = 0 dB region (offset from the center of the victim channel bandwidth) is useful and network scheduling-friendly.
Observation 10: Test configuration for MSD=0 dB report is exactly the same as that of the existing requirement in the current specifications expect for the position of victim channel bandwidth, which is placed adjacent to MSD non-zero region.
Observation 11: MSD zero region requirement and associated discussion must be less complicated than the original lower MSD capability discussion. No discussion on thresholds, the number of thresholds etc., is needed.
Observation 12: Single-bit lower MSD capability indicator per band combination or per victim band per band combination could be a reasonable option in case filtering out unnecessary lower MSD capabilities from network side is not feasible.
Proposal 4: Further discuss MSD=0 dB region approach and Single-bit lower MSD capability indicator approach in the future meetings.
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Issue 2-1-3: Essential information included in the lower MSD capability
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Option 2: A UE should be allowed to report the low MSD capability for any MSD requirements that have been defined in the
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Option 3: 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 (HW)

Option 3a: A joint solution of one-bit low MSD indication per BC with the per victim band per MSD type per band
combination signalling, one-bit low MSD indication can be used if all MSD fypes for this BC have been improved to above a
threshold. (CHTTL)
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