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According to the LS [1][2][3] from RAN4 on the lower MSD capability, RAN4 asks RAN2 to define the UE capability signalling for the lower MSD UE implementation. According to the RAN2 discussion on the UE capability bits for the lower MSD, RAN2 made the following agreements:
	RAN2#122 meeting minutes [4]:
R2 intends to support capability reporting to fullfill RAN4s requirements.
R2 assumes that the proposed inheritance mechanism is for signaling optimization. It it not consistent with current mechanisms and R2 might not apply it.
We send Reply LS
Invite for solutions discussion for next meeting. 



	RAN2#123 meeting minutes [5]:
Lower MSD cap is reported outside BC list
Filtering FFS (discussion postponed until more mature)
In the signalling, victim / aggressor need to be identified



In this contribution, we provide our understanding on the UE capability signalling design for the lower MSD.
Discussion
1.1 Capability signalling for lower MSD
According to the LS from RAN4, the lower MSD is only for CA/DC, which is used to indicate the UE capability of the sensitivity degradation. 
According to the RAN4 agreements given in the RAN4 LS [1] as quoted in the Annex, RAN4 provided the following capability bits which the UE can report for each lower MSD indication for a DL band:
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD indication of corresponding threshold (or capability class)
· Power class
· [Aggressor UL and victim DL bandwidth]
According to the RAN4 LS in [2] as quoted in the Annex, for each lower MBS capability class, the UE can indicate the followings:
· MSD threshold: maximum 20dB and FFS for other values.
· MSD type: Harmonic, harmonic mixing, crossband isolation, IMD with order=2/3/4/5 (i.e. four different IMD values) and ALL.
· Power class: ENUMERATED {pc1, pc1dot5, pc2, pc3, pc5}. If absent, the MSD threshold is for the highest supported power class of the band combination.
	38.331:
powerClass-v1530                    ENUMERATED {pc2}
powerClass-v1610                    ENUMERATED {pc1dot5}
powerClassNRPart-r16                ENUMERATED {pc1, pc2, pc3, pc5}
IntraBandPowerClass-r16 ::=         ENUMERATED {pc2, pc3, spare6, spare5, spare4, spare3, spare2, spare1}



	38.101-1 [6]:
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According to the RAN2#123 meeting discussion, to avoid breaking the fallback band combination rule, RAN2 agreed that “Lower MSD cap is reported outside BC list”. According to the band combinations supported by the UE, one DL victim band can belong to more than one band combinations, in which each band combination can include one or more Aggressor UL bands. For example, as given in the above band combination table from 3GPP TS 38.101-1, when band_n1 is the DL victim band, the UL aggressor band(s) can be band_n7 (due to 1st-order harmonic wave) or band_n8 (due to 2nd-order harmonic wave) or band_n3-n5 (due to IMD with order=2). The aggressor bands can be a subset of the UL bands in a band combination. Thus, only reporting the victim band and the MSD type is not able to identify the aggressor bands. 
Observation 1: One DL victim band can be affected by one or more UL aggressor bands for the same or different MSD type(s).
Observation 2: Only reporting the victim band and the MSD type is not able to identify the aggressor band(s).
Observation 3: The UL aggressor bands can be a subset of a band combination.
	· Lower MSD capability for higher order combination is inherited from lower order fallback combinations
· For 2-bands combination, the MSD indication of corresponding threshold (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 indication of corresponding threshold (or capability class) are only reported for IMD of dual UL falling into the third band DL whose UL band is not configured with, 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.


As quoted above, when the UE reports the lower MSD capability for 2-bands combination (e.g. CA_n1-n3 including victim(n1) and aggressor(n3)), the 3-bands combination including these 2-bands (e.g. CA_n1-n3-n5) would inherit the lower MSD capability for this 2-bands combination. Then the UE only needs to report the lower MSD capability for 3-bands combination, “for IMD of dual UL falling into the third band DL”. For combination with more than 3 bands, the UE does not need to provide extra capability signalling to indicate the lower MSD capability, since the capability could inherit from the fallback combinations with the same power class. 
If a 2-bands (or 3-bands) combination is a fallback combination, this 2-bands (or 3-bands) combination may not be included in the band combination list reported by the UE. Then the band combination index of the band combination list may not be applicable for reporting the lower MSD capability.
Observation 4: Some 2-bands (or 3-bands) combinations are not included in the band combination list of the UE capability signalling, due to fallback.
Thus, according to the above Observation 1/2/3/4, we think that the UE should be able to explicitly indicate the pair of “victim band” and “aggressor band(s)” for lower MSD capability.
Proposal 1: The UE reports the pair of “victim band” and “aggressor band(s)” for lower MSD capability.
For each pair of “victim band” and “aggressor band(s)”, the MSD threshold could be different when the power class is different. Then for a pair of “victim band” and “aggressor band(s)”, the UE can indicate one or more lower MSD capability class(es), and each lower MSD capability class can include a set of independent values of “MSD threshold”, “MSD type” and “power class”.
Proposal 2: For each “victim band” and “aggressor band(s)” pair, the UE indicates one or more lower MSD capability class(es). Each lower MSD capability class includes:
· MSD threshold: 3 bits referring to RAN4 MSD threshold table.
· MSD type: Harmonic, harmonic mixing, crossband isolation, IMD with order=2/3/4/5 (i.e. four different IMD values) and ALL.
· Power class (optional present): ENUMERATED {pc1, pc1dot5, pc2, pc3, pc5}. If absent, the MSD threshold is for the highest supported power class of the band combination.
Proposal 3: RAN2 confirms the understanding that lower MSD capability for higher order band combination is inherited from lower order band combinations, as agreed by RAN4.
1.2 Capability filter
Regarding the capability reporting filter, as the MSD capability is per band per band combination, then one solution would be to allow the gNB to request the UE to report the MSD capability for a specific band combination or for a victim band. As the UE only needs to report the lower MSD capability for 2-bands or 3-bands combination, requesting the UE to report the lower MSD capability for candidate victim bands would be sufficient.
Proposal 4: The gNB can request the lower MSD capability for one or more candidate victim bands, i.e. by indicating one or more band numbers.
Proposal 5: The UE reports the lower MSD capability for the candidate victim bands requested by the gNB.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: One DL victim band can be affected by one or more UL aggressor bands for the same or different MSD type(s).
Observation 2: Only reporting the victim band and the MSD type is not able to identify the aggressor band(s).
Observation 3: The UL aggressor bands can be a subset of a band combination.
Observation 4: Some 2-bands (or 3-bands) combinations are not included in the band combination list of the UE capability signalling, due to fallback.

Proposal 1: The UE reports the pair of “victim band” and “aggressor band(s)” for lower MSD capability.
Proposal 2: For each “victim band” and “aggressor band(s)” pair, the UE indicates one or more lower MSD capability class(es). Each lower MSD capability class includes:
· MSD threshold: 3 bits referring to RAN4 MSD threshold table.
· MSD type: Harmonic, harmonic mixing, crossband isolation, IMD with order=2/3/4/5 (i.e. four different IMD values) and ALL.
· Power class (optional present): ENUMERATED {pc1, pc1dot5, pc2, pc3, pc5}. If absent, the MSD threshold is for the highest supported power class of the band combination.
Proposal 3: RAN2 confirms the understanding that lower MSD capability for higher order band combination is inherited from lower order band combinations, as agreed by RAN4.
Proposal 4: The gNB can request the lower MSD capability for one or more candidate victim bands, i.e. by indicating one or more band numbers.
Proposal 5: The UE reports the lower MSD capability for the candidate victim bands requested by the gNB.
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Annex
The RAN4 agreements impacting the RAN2 signalling are quoted as follows [1]: 
	MSD means maximum sensitivity degradation or reference sensitivity exceptions specified in TS 38.101-1/3 clause 7 for CA/DC respectively. The sensitivity degradation for the victim band can be caused by harmonic, harmonic mixing, intermodulation (IMD) or cross band isolation interference. For some band combinations, the MSD value could be as large as 30dB. The intention of lower MSD capability is to facilitate the network scheduling if UE can have better MSD compared to those defined in the specifications. The MSD is specified for specific conditions on the UL/DL bandwidth and the uplink power levels.

To facilitate the initial discussion of the signalling design for lower MSD capability, the following agreements reached so far are provided, which are essential information considered by RAN4 for the capability: 
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD indication of corresponding threshold (or capability class)
· Power class
· [Aggressor UL and victim DL bandwidth]

Upon the essential information, some other agreements reached in RAN4 (up to RAN4#106-bis-e) could also be referred for the signalling design: 
· A UE should be allowed to report the low MSD capability for any MSD mechanism and order that have been defined in the 3GPP specifications for a given band combination.
· No dynamic signaling scheme will be introduced for lower MSD report in Rel-18
· Define one set of absolute multiple thresholds for lower MSD
· Respective MSD indication of corresponding threshold(s) are reported with one of the thresholds listed in the set 
· Lower MSD capability for higher order combination is inherited from lower order fallback combinations
· For 2-bands combination, the MSD indication of corresponding threshold (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 indication of corresponding threshold (or capability class) are only reported for IMD of dual UL falling into the third band DL whose UL band is not configured with, 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.
· UE is allowed to report lower MSD capability for different power classes

Since a band combination may suffer reference sensitivity degradation from different MSD types and orders (e.g. CA_n3-n78 could have MSDs caused by harmonic, harmonic mixing, 2nd order IMD and 4th order IMD with different levels for certain UL/DL configurations in the operating bands), signalling overhead reduction is also an important issue discussed in RAN4.

Meanwhile, RAN4 is still working on the details for approaches for a UE to indicate the improved lower MSD performance based on the progress of the study phase. If any update, RAN4 will keep RAN2 informed.




The followings are extracted from the RAN4 LS [2]:
	
· MSD for different power classes
-	UE reports the lower MSD capability class per MSD type for the highest supported power class for the band combination
▪	UE can additionally report lower MSD capability class per MSD type for other power classes if requested by the network/regulator 

· MSD orders
-	No need to report the order for harmonic/ harmonic mixing/cross band isolation MSD types
▪	Lower MSD capability class reported should apply for all specified orders of the MSD type
-	IMD order is up to 5 in Rel-18

· MSD types
-  The following MSD types/orders are agreed to be reported based on the existing spec 
▪	Harmonic, harmonic mixing, crossband isolation, IMD with order=2/3/4/5
-  It is agreed to add a new special lower MSD type as “ALL”, which means all above mentioned MSD types/orders could meet the reported lower MSD threshold/lower MSD capability class
▪	FFS on details of the “ALL” type
-  Other new MSD types may be added later 

· Candidate MSD thresholds
-  The maximum threshold is around 20dB
▪	FFS on the concrete values for thresholds
▪	FFS on whether 2 or 3 bits will be used for threshold range

· Whether to report CBW of aggressor UL and victim DL
-  Channel bandwidth of aggressor UL and victim DL are not necessary to be included in the essential information for lower MSD capability




The followings are extracted from the RAN4 LS [3]:
	
· MSD type “ALL”
· “ALL” is defined per victim band per BC
▪ Type “ALL” denotes the actual MSD values for harmonic/harmonic mixing/cross band isolation/IMD2,3,4,5 if any existing are all under the reported lower MSD capability threshold for a victim band with a band combination
▪	It is noted that for a certain victim band per BC, additional MSD type(s) and/or new MSD types could be introduced in future releases.

· Candidate MSD thresholds
-  3-bit signalling will be used for reporting thresholds
-  The maximum value of threshold is 22 dB
-  The minimum reporting value for threshold is 0 dB, i.e., no degradation relative to REFSENS
	Index
	Maximum allowed actual MSD
 (i.e. Thresholds)
	Lower MSD
 Capability classes
	Note

	0
	0 dB
	I
	No degradation

	1
	3 dB
	II
	Actual MSD ≤ 3dB

	2
	6 dB
	III
	Actual MSD ≤ 6dB

	3
	9 dB
	IV
	Actual MSD ≤ 9dB

	4
	12 dB
	V
	Actual MSD ≤ 12dB

	5
	15 dB
	VI
	Actual MSD ≤ 15dB

	6
	18 dB
	VII
	Actual MSD ≤ 18dB

	7
	22 dB
	VIII
	Actual MSD ≤ 22dB
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Table 5.2A.2.4-1: Inter-band CA operating bands involving FR1 (five bands)
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Table 5.2A.2.2-1: Inter-band CA operating bands involving FR1 (threg bands)




