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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
In RAN4 #104-bis-e 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:

	Sub-topic 2-2: Feasibility of MSD improvement
Issue 2-2-1: Whether it is feasible for MSD improvement

<Agreement in GTW_Oct-14>: 
MSD improvement is feasible.

Issue 2-2-2: Justification of lower MSD 
Summary of round 1 discussion
The following options have been discussed in 1st round. But no majority view.
Below which absolute MSD value, the improved MSD can be reported regardless of the number of thresholds?
· Option 1: ≤ 15dB
· Option 2: ≤ 18dB
· Option 3: up to NW decision
· Option 4: FFS

<Agreements> 
FFS in next RAN4 meeting

Topic #3: Study of signaling for Lower MSD (Agenda 6.6.4.2)
Sub-topic 3-1: Network behaviour for the lower MSD
[bookmark: OLE_LINK6]Issue 3-1-1: What’s the supposed NW behaviour for the possible lower MSD capability
Option 1: Further clarifications are needed on how network would handle UE with nominal or lower MSD differently before the consideration of UE capability introduction. (R4-2215667 Apple)
Option 2: How NW handle the band combination configuration based on the MSD capability reporting is up to NW implementation. (R4-2216435 OPPO)

<Agreements> 
Further discuss the options in next meeting
Sub-topic 3-2: MSD capability
Issue 3-2-1: Whether to introduce the optional lower MSD UE capability based on the feasibility study of MSD improvement?
Option 1: Yes
Option 2: No
Option 3: Other/FFS
<Agreement in GTW_Oct-14>: 
· Optional lower MSD UE capability conditioned on what is intended for the signalling
· FFS on design of signalling, including
· Function of signalling
· Granularity of signalling

[bookmark: OLE_LINK7]Issue 3-2-2: Granularity of the optional lower MSD UE capability
Option 1: per victim band per MSD type per band combination
Option 2: not to differentiate with different MSD types 
Option 3: Others
Option 4: Single difference MSD value as the threshold according to the different MSD sources. But do not define the individual MSD levels for all CA/DC band combinations (Meta)
<Agreement in GTW_Oct-19>
· Use the following bullet as the starting point for granularity of the optional lower MSD UE capability
· per victim band per MSD type per band combination

Issue 3-2-3: Conditions to trigger the lower MSD reporting
Issue 3-2-4: How to report the lower MSD capability for a BC with same MSD type but different orders 
Issue 3-2-5: How to report the lower MSD capability for Harmonic/cross band isolation with different test points
Issue 3-2-6: Dynamic MSD reporting

· Recommended WF for issues in sub-topic 3-2
Need further discussion when analyzing the details of the lower MSD capability.

Sub-topic 3-3: Lower MSD threshold(s)
Issue 3-3-1: Absolute MSD value/threshold(s) or relative threshold(s) 
Issue 3-3-2: Single value/threshold or multiple thresholds 
Issue 3-3-3: In case of single threshold, the proposed value
Issue 3-3-4: In case of multiple thresholds, the proposed values
Issue 3-3-5: Whether same lower MSD threshold(s) for different MSD types
Issue 3-3-6: Predefined or NW configurable thresholds

· [bookmark: _Hlk118139942]Recommended WF for issues in sub-topic 3-3
Need further discussion when analyzing the details of the lower MSD capability.

Sub-topic 3-4: Applicability of lower MSD capability
[bookmark: _Hlk111191893]Issue 3-4-1: Applicability of the lower MSD capability for power classes
Issue 3-4-2: Applicability of Lower MSD capability for higher order combination
Issue 3-4-3: Commonality of the lower MSD capability
All companies are ok with the proposal. 
<Agreement>: 
One common capability report scheme should apply for all band combinations rather than only example BC.

Sub-topic 3-5: Format of lower MSD capability
Issue 3-5-1: How to report the lower MSD capability
Option 1: Consider a joint solution of one bit low MSD indication per BC with additional optional MSD report for different interference types under the per BC indication. 
Option 2: Bit map and lower MSD classes per source 
· Recommended WF
Need further discussion when analyzing the details of the lower MSD capability.

Sub-topic 3-6: Reducing signalling overhead
Issue 3-6-1: Methods to reduce the signaling overhead
Option 1: The low MSD capability may be reported by the UE upon network query. The query can be filtered by the set of band combinations, the victim band, or the MSD type 
Option 2: Others
Option 3: Leave it to RAN2
· Recommended WF
Need further discussion when analyzing the details of the lower MSD capability.

Sub-topic 3-7: Spec impact due to lower MSD capability
Issue 3-7-1: How to reflect the lower MSD in RAN4 spec
More companies prefer to have further discussion as it depends on the conclusion of other issues. 
Option 1: Explicit Lower MSD capability threshold(s) should be defined.
Option 2: Others
· Recommended WF
Need further discussion when analyzing the details of the lower MSD capability.



 
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 power classes and how to specify RAN4 RF requirements for the inter-band CA/DC combinations.

2. Signaling for lower MSD capability
2.1 How to indicate the lower MSD capability for the inter-band CA/DC band combinations
If RAN4 have clear decision how to define lower MSD capability among the different MSD sources, then the threshold mechanism can be introduced to indicate the lower MSD capability for the different MSD sources and do not define the individual MSD levels for all CA/DC band combinations.
To decide a threshold to indicate lower MSD capability, RAN4 needs to evaluate difference MSD levels for the different MSD sources first. Based on the MSD results from interested companies, RAN4 could find an MSD difference value by averaging from the conventional MSD requirements in TS38.101-1 for those example CA band combinations for the whole different MSD sources. Based on these lower MSD evaluation outcomes, RAN4 could conclude whether to specify the lower MSD capability signaling or not.

Based on this analysis, we propose as follow.
Proposal #1: RAN4 only introduces a single threshold to indicate the lower MSD capability for all CA/DC band combinations to report the individual MSD threshold for all CA/DC band combinations.

2.2 How to report lower MSD levels for a BC with a different 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 source.

In our evaluation in [10], 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 evaluations from interested companies [3][4][5][6] were shown that up to 20 dB MSD improvement were feasible. Based on these evaluation results, we propose to report the lower MSD capability as a compromise.

Table 8: 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 #2: RAN4 only introduces a single predefined threshold using 3-bit MSD reporting bitmap in Table 8 for all CA/DC band combinations regardless of different MSD sources 
Proposal #3: For the same MSD source with different orders, the above 3-bit MSD reporting bitmap in Table 8 will be applied to all CA/DC band combinations.

2.3 Discussion on the applicability of lower MSD capability signaling
To support lower MSD capability for both power class 3 and power class 2, RAN4 needs detail evaluations 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 single MSD threshold 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 that a single difference MSD value which could be reported with 3-bit MSD reporting bitmap in Table 8 as a starting point for high power NR CA UE. Based on this, we propose as follow.	Comment by Jiwoo Kim: Does this mean that only MSD delta is reported? Could you confirm?	Comment by Suhwan Lim: Yes, the 3bit MSD reporting map table is MSD different level from the existing MSD levels in TS38.101-1

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.

3. Impact on the RAN4 specifications
For the optional capability for a lower MSD supporting UE, RAN4 does not need to define explicit MSD requirements in TS38.101-1 and TS38.101-3. In our view, RAN4 needs to add a normative note in REFSENS exception requirements in section 7.3A.4, 7.3A.5 and 7.3A.6 for different MSD sources (e.g., harmonic interference, dual uplink transmissions and cross band isolation) as following,

NOTE X: If the UE supports the lower MSD capability, then a reported MSD threshold shall be tested and verified as the REFSENS exception requirements with the appropriate test point in each reference sensitivity exceptions in section 7.3A.4, 7.3A.5 and 7.3A.6.

 Based on the above normative note, an expected MSD improvement will be verified.
Proposal #5: RAN4 need to add a normative note to verify an expected MSD improvement as follow 
NOTE X: If the UE supports the lower MSD capability, then a reported MSD threshold shall be tested and verified as the REFSENS exception requirements with the appropriate test point in each reference sensitivity exceptions in section 7.3A.4, 7.3A.5 and 7.3A.6.

4. Conclusions
In this contribution, we provided our view on how to report the MSD levels, how to apply the MSD thresholds for the different power classes, and how to specify the lower MSD capability in RAN4 specifications. 

Proposal #1: RAN4 only introduces a threshold 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: RAN4 only introduces a single predefined threshold using 3-bit MSD reporting bitmap in Table 8 for all CA/DC band combinations regardless of different MSD sources.
Proposal #3: For the same MSD source with different orders, the following 3-bit MSD reporting bitmap will be applied to all CA/DC band combinations.
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: RAN4 need to add a normative note to verify an expected MSD improvement as follow. 
NOTE X: If the UE supports the lower MSD capability, then a reported MSD threshold shall be tested and verified as the REFSENS exception requirements with the appropriate test point in each reference sensitivity exceptions in section 7.3A.4, 7.3A.5 and 7.3A.6.
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