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1. Introduction
In RAN4 #107, a WF[1] was agreed. Some issues were left open for further discussion. 
2. Discussion
In the WF[1] agreed in RAN4#107, some open issues were left for more discussion.
Sub-topic 1-1: Conditions to indicate the lower MSD capability
To avoid lengthy copy/paste paragraph, we did not put the full content in the WF[1]. Thanks to plenty ideas provided from companies for the conditions to indicate lower MSD capability, the options are not controversial but different aspects. If threshold based lower MSD table is agreed, it is reasonable to limit UE reporting lower MSD for the case that improved MSD still exceeds maximum value of the table. But it is not reasonable to require UE can only report improved lower MSD if the improvement is larger than [X]dB due to the case when some of the original MSD value is only a few dB. The UE may also be allowed and early indication for UE without the lower MSD capability at all[5]. With that, we propose the condition below:
Proposal 1: 
For the purpose of low-MSD capability, 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. 
UE is allowed not to respond supporting the low-MSD capability for the band combo as an early indication and flexibility on deciding memory size for the UE supporting many combos.

Issue 1-3-3: New MSD types can be added as new MSD requirements are developed in RAN4 for future proof
For types of low-MSD indication, it has been agreed to include Harmonic, harmonic mixing, crossband isolation, IMD with order=2/3/4/5 and one special type “All” in previous RAN4 meeting. The idea of the special type “All” is clear and seems popular to network suppliers. But it may cause some confusion to RAN5 conformance test since RAN5 usually specify requirement with distinct test condition indication. RAN4 may need continue discussion on how to specify the special type w.r.t specific MSD test condition. During the discussion in previous RAN4 meetings, it has also been identified three new types of MSD mechanism are going to be considered in the forward releases. Since the purpose of low-MSD capability is to indicate UE performance improvement w.r.t existing requirements, for those new types are going to be characterized in the RF requirements, the low-MSD capability reporting shall also reserve some place for them.
Proposal 2: For MSD type indication, we support option 1 with the modification in below:
· Six different low MSD types signaling for R18 + 3 in R19
· The special MSD type “All” may require further discussion on how to reflect it to specific MSD test condition for conformance test purpose
	MSD type
	UL conf.
	DL conf.
	Signaling scope 
	Priority

	All
	Any
	2/3DL bands
	· Low MSD class per victim band valid for all possible MSD per UL configuration
	R18

	UL Harmonics
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Harmonic mixing
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Cross-band isolation
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD for the UL/DL CBW the UE supports
	R18

	IMD
	2UL/2CC
	2/3DL bands
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R18

	
	1UL/2CC
	2DL band
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R19

	
	2UL/3CC
(2 cont.)
	2/3DL bands
	· Low MSD class per triple beat victim band
	R19




[bookmark: OLE_LINK7]Sub-topic 1-4: Candidate MSD thresholds
The threshold value table of low-MSD capability was discussed in previous RAN4 meeting and it was majority view that the table in the option 1, 3-bit solution with 3dB step size among the candidate options. Considering the range of MSD values spreads from few dB to more than 30dB, and the information from network suppliers that if improved low-MSD value is still larger than 10~15dB, it may be deprioritized from network scheduling point of view. It may not be too much meaningful if one UE indicate low-MSD capability with more than 20dB. So, a low MSD capability indicatgion table (LMI table) includes 3-bit solution with 3dB step size seems to be a reasonable setting for threshold-based solution. 
Proposal 3: A low MSD capability indication table (LMI table) includes 3-bit solution with 3dB step size as below table can be included in the RAN4 specs
	Index
	Maximum allowed actual MSD
 (i.e. Thresholds)
	Lower MSD
 Capability classes
	Note

	0
	0dB
	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
	21dB
	Ⅷ
	Actual MSD ≤ 21dB



Sub-topic 1-5: Conformance test for lower MSD
In last RAN4 meeting, several options were left for further discussion on the conformance test aspects. Since the low-MSD capability is relative improvement based on existing MSD test configurations, there shall not be more test conditions than those have been specified in the current specs as baseline. With that, we are a bit worry that the (2) & (3) in the option 1a. If UE does not support some test condition, UE may have same situation even it does not support low-MSD capability. To avoid confusion on the interpretation, it seems option 1b is clear enough to indicate test configurations.
Proposal 4: We support conformance test consideration for low-MSD as option 1b: When a low MSD class is signalled, it is valid for all power classes and the worst-case CBW combinations that the UE supports using the normal test points where the MSD requirement is replaced by the upper bound of the MSD class signalled per power class tested

Sub-topic 1-7: Signaling overhead reduction
· Candidate options:
· Option 1: Consider a following lower MSD capability filterization as one possible approach (Nokia).
· Conveying actually available frequency ranges per band under a network to a UE
Note that even now network conveys available bands under the network as filterizaiton
· UE reports only relevant lower MSD capabilities relevant to the network
· Option 2: For the benefit of reducing signalling overhead, consider to introduce special MSD types, such as ALL, ALL_BUT_2nd_ORDER, to enable the UE to report the same MSD value for multiple normal MSD types (i.e. harmonic, harmonic mixing, cross-band, IMD, etc) in one instance (HW)
· Option 3: Report the MSD value for the power class requested by the network, otherwise for the highest power class supported by the UE (HW)
· Option 4: to reduce MSD capability overhead, one solution is to allow gNB query UE capability and UE only report certain capability filtered by gNB’s query information. Query information could include following information, e.g. band combinations, power class, Tx power, aggressor and victim CBW, victim operation band (CMCC)
· Option 5: An adaptive signaling approach that network can require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values can save large amount of signaling overhead (MediaTek)
It has been agreed in last meeting that adaptive signalling approach can be considered to reduce signalling overhead. Some signalling design on reduction of signalling overhead from network perspective and different approach for UE to report were proposed in [3][4]. We also provided some idea on adaptive signalling approach in [2]. Considering different UE implementation, some UE may not support the lower MSD capability at all, an early indication of the per UE capability may also be needed[5]. For options 1~4, UE may be required to report low-MSD per network/conformance test equipment request that requires huge memory loading. If network require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values like proposed in[2], not only network can save signalling overhead during connection, but also UE may not need maximum memory size to save all improved low-MSD points. Only top K largest low-MSD information need to be saved. UE is also allowed to report top K’ largest low-MSD if network requires K largest terms where the K’ <K and for the terms that are not stored/reported, the MSD in existing specs applies.
Proposal 5: 
To reduce signalling overhead during connection and save UE maximum memory size for storing low-MSD information, an adaptive signalling approach that network can require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values is proposed as option 5. 
UE is also allowed to report top K’ largest low-MSD information where K’<K. For the low-MSD terms that are not responsed, the MSD in existing specs applies.
3. Conclusion
Sub-topic 1-1: Conditions to indicate the lower MSD capability
Proposal 1: 
For the purpose of low-MSD capability, 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. 
UE is allowed not to respond supporting the low-MSD capability for the band combo as an early indication and flexibility on deciding memory size for the UE supporting many combos.
Issue 1-3-3: New MSD types can be added as new MSD requirements are developed in RAN4 for future proof
Proposal 2: For MSD type indication, we support option 1 with the modification in below:
· Six different low MSD types signaling for R18 + 3 in R19
· The special MSD type “All” may require further discussion on how to reflect it to specific MSD test condition for conformance test purpose
	MSD type
	UL conf.
	DL conf.
	Signaling scope 
	Priority

	All
	Any
	2/3DL bands
	· Low MSD class per victim band valid for all possible MSD per UL configuration
	R18

	UL Harmonics
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Harmonic mixing
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD and valid for higher order if exist
	R18

	Cross-band isolation
	1UL/1CC
	2DL band
	· Low MSD class per victim band for worst case MSD for the UL/DL CBW the UE supports
	R18

	IMD
	2UL/2CC
	2/3DL bands
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R18

	
	1UL/2CC
	2DL band
	· Low MSD class per victim band for the worst-case even order IMD and valid for other higher even order IMDs if exist
· Low MSD class per victim band for the worst-case odd order IMD and valid for other higher odd order IMDs if exist
	R19

	
	2UL/3CC
(2 cont.)
	2/3DL bands
	· Low MSD class per triple beat victim band
	R19


Sub-topic 1-4: Candidate MSD thresholds
Proposal 3: A low MSD capability indication table (LMI table) includes 3-bit solution with 3dB step size as below table can be included in the RAN4 specs
	Index
	Maximum allowed actual MSD
 (i.e. Thresholds)
	Lower MSD
 Capability classes
	Note

	0
	0dB
	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
	21dB
	Ⅷ
	Actual MSD ≤ 21dB


Sub-topic 1-5: Conformance test for lower MSD
Proposal 4: We support conformance test consideration for low-MSD as option 1b: When a low MSD class is signalled, it is valid for all power classes and the worst-case CBW combinations that the UE supports using the normal test points where the MSD requirement is replaced by the upper bound of the MSD class signalled per power class tested
Sub-topic 1-7: Signaling overhead reduction
Proposal 5: 
To reduce signalling overhead during connection and save UE maximum memory size for storing low-MSD information, an adaptive signalling approach that network can require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values is proposed as option 5. 
UE is also allowed to report top K’ largest low-MSD information where K’<K. For the low-MSD terms that are not responsed, the MSD in existing specs applies.
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