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1. Introduction
In RAN4 #106, WF [1] has been agreed for low MSD study WI. The contribution provides further discussion.
2. Discussion
During RAN4#106 meeting, signalling method for UE supporting low MSD has been discussed but not much consensus was reached. We will discuss issues individually. It was agreed in [1] that UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. It was also agreed “Identical Lower MSD thresholds are applicable for each MSD mechanism”. The two agreements are copied below,
AH Agreement
Option 2: A UE should be allowed to report the low MSD capability for any MSD requirements that have been defined in the 3GPP specifications for a given band combination.
· The reported low MSD should be tested againt the existing test configuations.
Identical Lower MSD thresholds are applicable for each MSD mechanism
In existing specs, MSD due to second or third order harmonic or IMD may have larger values from 20 to 30+ while higher order may have only a few dB (<5~10dB). Further, even for same mechanism, the MSD values are characterized with different components in different assumptions, its range may varies a lot for different band combos. It may also need to consider to specify different  threshold values set for different MSD mechanisms, though this would bring more workload for RAN4.
Regarding more detail consideration of different MSD thresholds, several options were left for further discussion,
Issue 2-1-7: Candidate MSD thresholds 
Option 1: Two bits threshold range. 0/5/10/15dB as PC3 thresholds applicable for all kinds of MSD, while 3dB could be considered as the offset vs power class. (Samsung)
	Bit
	Maximum allowed actual MSD (i.e. Thresholds)
	Lower MSD Capability classes
	Note

	00
	0dB
	Ⅰ
	Actual MSD = 0

	01
	5 dB
	Ⅱ
	0 ＜ Actual MSD ≤ 5

	10
	10 dB
	Ⅲ
	5 ＜ Actual MSD ≤ 10

	11
	15 dB
	IV
	10 ＜ Actual MSD ≤ 15



Option 2: Three bits threshold range. (Meta)
	Bit map
	Maximum allowed actual MSD
(i.e. Thresholds)
	Lower MSD Capability classes
	Note

	000
	-
	Not supported the lower MSD optional capability
	Not supported the lower MSD capability. Only apply the existing MSD requirements in TS38.101-1 and TS38.101-3.

	001
	3 dB
	Ⅰ
	0 ≤ Actual MSD ≤ 3

	010
	6 dB
	Ⅱ
	3 < Actual MSD ≤ 6

	011
	9 dB
	Ⅲ
	6 < Actual MSD ≤ 9

	100
	12 dB
	IV
	9 < Actual MSD ≤ 12

	101
	15 dB
	V
	12 < Actual MSD ≤ 15

	110
	18 dB
	VI
	15 < Actual MSD ≤ 18

	111
	> 18 dB
	VII
	Actual MSD > 18



Option 3: OPPO
· 0≤UE Real MSD＜5dB
· 5≤UE Real MSD＜10dB
· 10≤UE Real MSD＜15dB
· 15≤UE Real MSD＜20dB

Option 4: Xiaomi
	
	Threshold
	Actual MSD range

	1
	3
	0 ≤ Actual MSD ≤ 3

	2
	6
	3 ＜ Actual MSD ≤ 6

	3
	12
	6 ＜ Actual MSD ≤ 12

	4
	18
	12 ＜ Actual MSD ≤ 18



Option 5: Small granularity and more higher upper limit thresholds should be considered for multiple thresholds, such as [0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20] dB. (ZTE)
Observation 1: The agreement "Identical lower MSD threshold are applicable for each MSD mechanism" is only applicable for the threshold-based approaches
Proposal 1: A UE should be allowed to report the low MSD capability for any MSD requirements that have been defined in the 3GPP specifications for a given band combination.
Proposal 2: It can be further discussed whether single threshold values set applies for each MSD mechanism or each MSD mechanism has individual threshold values set for all band combos is applicable for the agreement
Left issue in the WF R4-2303695
For some cases with a few dB MSD, even 1dB improvement could be significant. And it is up to network to judge whether the improvement is useful and how it affects network behavior. 
Proposal 3: For simplification on RAN4 work, UE can report improved MSD in granularity of 1dB. Let network decide its behavior on how to schedule UEs.
As for how to report the lower MSD capability, several promising options for allowing a UE to signal improved lower MSD performance have been discussed[1]. It is also agreed that the MSD mechanisms, orders and values in existing specs shall all be considered as starting point. Considering there are many MSD mechanisms and the order of aggressor could be up to 9 in existing specs, if UE need to signal all improved MSD information, the signaling overhead might be quite large. Here we would like to propose an approach with signaling the essential information as well as the idea to reduce signaling overhead. We suggest introducing a way that network can require UE only to report the top K largest MSD values together with its mechanism indexing and improved MSD values. The format of UE reported capability can be similar to the three-tuple method. Here we list those agreed in last RAN4 meeting that essential information shall include below information:
· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders
· MSD value/thresholds
It is well understood that aggressor power class may have significant impact on MSD thus it is nature to consider it for lower MSD capable UE. The lower MSD capability signaling can be specified as per victim band per BC as a 2-tuple of < MSD mechanism/Aggressor power class and its order, MSD value >. 
The MSD mechanism index need to represent:
MSD due to cross band isolation
MSD due to UL harmonic
MSD due to receiver harmonic mixing
MSD due to UL intermodulation
MSD due to UL triple bit
Aggressor order max up to 9 in existing specs
MSD value range in existing spec is about 0.7 ~ 37.8
Proposal 4: For how to report the lower MSD capability, we propose an adaptive signaling that network can require UE only report top K largest MSD values via UE’s improved capability per victim band per BC as 2-tuple of < MSD mechanism / Aggressor power class and its order, MSD value >. 
The MSD mechanism index need to represent:
MSD due to cross band isolation
MSD due to UL harmonic
MSD due to receiver harmonic mixing
MSD due to UL intermodulation
MSD due to UL triple bit
Aggressor order max up to 9 in existing specs
Aggressor power class includes power classes in existing specs such as PC1.5, PC2 and PC3
MSD value range in existing spec is about 0.7 ~ 37.8
3. Conclusion
Issue 2-1-7: Candidate MSD thresholds
Observation 1: The agreement "Identical lower MSD threshold are applicable for each MSD mechanism" is only applicable for the threshold-based approaches
Proposal 1: A UE should be allowed to report the low MSD capability for any MSD requirements that have been defined in the 3GPP specifications for a given band combination.
Proposal 2: It can be further discussed whether single threshold values set applies for each MSD mechanism or each MSD mechanism has individual threshold values set for all band combos is applicable for the agreement
Left issue in the WF R4-2303695
Proposal 3: For simplification on RAN4 work, UE can report improved MSD in granularity of 1dB. Let network decide its behavior on how to schedule UEs.
Proposal 4: For how to report the lower MSD capability, we propose an adaptive signaling that network can require UE only report top K largest MSD values via UE’s improved capability per victim band per BC as 2-tuple of < MSD mechanism / Aggressor power class and its order, MSD value >. 
The MSD mechanism index need to represent:
MSD due to cross band isolation
MSD due to UL harmonic
MSD due to receiver harmonic mixing
MSD due to UL intermodulation
MSD due to UL triple bit
Aggressor order max up to 9 in existing specs
Aggressor power class includes power classes in existing specs such as PC1.5, PC2 and PC3
MSD value range in existing spec is about 0.7 ~ 37.8
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