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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN4 #105 meeting, RAN4 concluded that lower MSD is feasible based on the feasibility results from interested vendor’s MSD results and approved the WF [1] on study for lower MSD which were discussed about the lower MSD as follow:

	Issue 3-3-2: Single value/threshold or multiple thresholds 
<Agreement>:
· Define the multiple thresholds for lower MSD
· FFS on whether identical thresholds can be applicable to all the MSD types and aggressor power class
· Identical thresholds can be applicable to all the band combinations

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.
· Option2: if there are multiple orders of IMD for a specific band combination, only the lowest order of IMD improvement is considered to be reported 
· 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. 

Issue 3-2-5: Lower MSD capability for Harmonic/harmonic mixing/cross band isolation with different test points
· Option 1:
For harmonic/harmonic mixing/cross band isolation, the Lower MSD capability should be derived and verified under the worst case UL/DL configuration as for the specified minimum requirements, rather than under all configurations. To be more specific:
· For harmonic, the worst case configuration is under the minimum victim DL CBW & “direct-hit” as collision type; 
· For harmonic mixing, the worst case configuration is under the minimum victim DL CBW;
· For cross band isolation, the worst case configuration is under the minimum victim DL CBW& maximum aggressor UL CBW, FFS on how to deal with the case that for a band combination UE does not support the maximum UL CBW defined for the aggressor band in the MSD table for cross band isolation.
Note: The worst case configuration for harmonic/harmonic mixing/cross band isolation is mandatorily specified. 
· Option 2: Define and evaluate the lower MSD capability based on the 1st test point for a band combination in the 3GPP spec 
· Option 3: Others

<Way Forward>:
Combined option 1 and option 2 is considered as starting point for further discussion in next meeting, other options are not precluded.

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 for 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 signalling if specified for two band and three band combinations only. For three band combinations, the capability is only with regard to MSD on the 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 signalling (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. 


 
In this paper, we propose the reported lower MSD value range, MSD threshold and granularity for the lower MSD capability. Also, we propose how to apply the MSD applicability for different orders  and  different MSD sources. Furthermore, we share our view on how to apply lower MSD requirements for the high order inter-band CA/DC combinations.

2. Signalling for lower MSD capability
2.1 How to indicate the lower MSD capability for the inter-band CA/DC band combinations
In the last RAN4 meeting, the feasibility study was concluded as feasible to apply the lower MSD values for the UE specific optional features. However, RAN4 still does not clearly understand how to apply the new optional capability signalling to support the lower MSD capability among the different MSD sources and different order. The single/multiple threshold mechanism was discussed at the last RAN4 meeting. RAN4 will further discuss the pros and cons to introduce the threshold mechanism to indicate the lower MSD capability which is beneficial not to define the individual MSD levels for all CA/DC band combinations.
For the threshold mechanism, the multiple thresholds can be applied to these multiple different IMD/Harmonic/Harmonic mixing orders and different orders of the same MSD source. However, the single threshold is a simple way to apply the lower MSD capability, but it could not reflect the actual MSD margin according to different MSD source and different order of same MSD source. Hence we prefer to apply multiple threshold mechanisms to reflect actual MSD margin with small granularity according to different MSD sources and different order of the same source.   

Based on this analysis, we propose the following.
Proposal #1: RAN4 only introduces multiple thresholds to indicate the lower MSD capability for all CA/DC band combinations to report the individual MSD threshold for all CA/DC band combinations.
Proposal #2: For the lower MSD capability signalling, RAN4 needs to send the MSD source and victim operating band only.

2.2 How to report lower MSD levels for a BC with a different MSD source and different order within same MSD source
For the example CA band combinations, the achievable MSD levels are derived based on the results from the interested companies for different MSD sources and different orders within the same MSD source.

In MSD evaluation results in TR38.881 [4], the expected MSD improvements in case of 2nd harmonic product, cross band isolation and dual uplink transmissions are less than 10dB compared to the existing MSD requirements in TS38.101-1 and TS38.101-3. Also, the evaluation from interested companies results [4] showed that up to 20 dB MSD improvements were feasible. Based on these evaluation results, we propose to report the lower MSD capability as a compromise.

Table 1: MSD reporting bitmap for lower MSD capability
	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



Proposal #3: RAN4 introduces a predefined threshold using 3-bit MSD reporting bitmap in Table 1 to apply lower capability for all CA/DC band combinations according to the different MSD sources and different order within the same MSD source.

2.3 Discussion on the applicability of lower MSD capability signalling
To support lower MSD capability for both power class 3 and power class 2, RAN4 needs detailed evaluations on how to achieve lower MSD levels for different power classes. Currently, RAN4 agreed on a RF architecture restriction for the higher power devices such as PC2 NR inter-band CA UE (dual PA w/ 23+26 dBm or w/ 26+26 dBm) and PC1.5 NR inter-band CA (dual PA w/ 26+26 dBm). These PA/Antenna restrictions will make different MSD evaluation outcomes from that of power class 3 NR CA UE. Thus, RAN4 would need further discussion as case by case for an individual high power NR inter-band CA UE whether the same MSD threshold could apply or not. 
Based on this, we propose to consider the same threshold mechanism for power class 3 to apply for a high-power NR CA band combinations UE as a starting point to introduce an MSD threshold for the capability of lower MSD of high-power NR CA UE. RAN4 could recommend a single difference MSD value which could be reported with a 3-bit MSD reporting bitmap in Table 1 as a starting point for high power NR CA UE. Based on this, we propose the following.

Proposal #4: RAN4 can consider the above 3-bit MSD reporting bitmap in Table 8 as a starting point for a high-power NR CA band combinations UE.

2.4 Discussion on the applicability of lower MSD capability for higher order CA/DC band combinations 
From the LTE CA/DC band combinations, RAN4 had some rules to define the MSD requirements for the high order CA/DC band combinations since the high-order CA/DC had the same problem as observed in the own DL bands by the dual uplink transmission. Hence, we prefer to follow the basic principle as following option 1 in WF [1] at last RAN4 #105 meeting. 

·  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) is 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 for 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.
 
Proposal #5: Above proposals in option 1 will be applied to all high-order CA/DC band combinations to define the lower MSD capability signalling. 

3. Conclusions
In this contribution, we provided our view on how to report the MSD levels, how to apply the MSD thresholds for the different MSD source, different order within the same MSD source and different power classes. Also, we prefer to use multiple MSD thresholds to apply lower MSD capability signalling for the all CA/DC band combination. Based on our discussion points for the remaining open issues, we proposed as follow 

Proposal #1: RAN4 only introduces multiple thresholds to indicate the lower MSD capability for all CA/DC band combinations to report the individual MSD threshold for all CA/DC band combinations.
Proposal #2: For the lower MSD capability signalling, RAN4 needs to send the MSD source and victim operating band only.
Proposal #3: RAN4 introduces a predefined threshold using 3-bit MSD reporting bitmap in Table 1 to apply lower capability for all CA/DC band combinations according to the different MSD sources and different order within the same MSD source.
Proposal #4: RAN4 can consider the above 3-bit MSD reporting bitmap in Table 8 as a starting point for a high-power NR CA band combinations UE.
Proposal #5: Above proposals in option 1 will be applied to all high-order CA/DC band combinations to define the lower MSD capability signalling. 
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