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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN4 #106 meeting, RAN4 concluded that lower MSD is feasible [1] and RAN approved the updated objectives in the WI [2] for FR1 RF further enhancements. Especially, RAN2 WG was involved to specify the lower MSD capability signalling. In RAN4 #107 meeting, the remaining open issues will be continually discussed and addressed in 2nd phase discussion in the WI based on the approved the WF [3] as follow:

	Sub-Topic 1-1: Conditions to indicate the lower MSD capability
· Candidate options
· Option 1: For the purpose of MSD improvement, 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. If UE reports the lower MSD capability, the reported MSD value should be improved at least by TBD dB against a specified MSD (Samsung, HW)
· Option 2: 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. As long as the actual MSD improvement exceeds 1dB or more, reporting is allowed (Spreadtrum).
· Option 3: UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. (Meta, [vivo], [Xiaomi])
· Additionally, it is unnecessary to report the Lower MSD values in case the specified MSD itself is small or the MSD improvement is not significant. The small MSD improvement will be discussed in different sub-topic based on the specific band combinations (Meta)
· Option 4: The UE can declare a low MSD class if its upper bond is at least 1dB better that the RAN4 specified MSD (Skyworks)
· Option 5: A per UE lower MSD capability may also be needed in addition to other lower MSD parameters as an early indication of the per UE capability would prevent network from unnecessary triggering of lower MSD signalling for UE without the lower MSD capability at all (Apple)

· WF
FFS in next meeting.

Issue 1-3-4: Others in MSD order 
· Candidate options
· Option 1: (Skyworks)
· Six different low MSD types signalling for R18 + 3 in R19
· One specific MSD type can be signalled on top of the “All” MSD type if significantly better MDS class
	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


· 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)
· WF
FFS in next meeting.

Sub-Topic 1-4: Candidate MSD thresholds
· Candidate options:
· Option 1: 3-bit solution with maximum threshold around 20dB (Samsung, Meta, QC, HW, ZTE, MTK)
	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


· Option 2: Others

· Agreement on Tuesday online session 
· 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.

Sub-Topic 1-5: Conformance test for lower MSD 
· Candidate options:
· Option 1: No additional (new) conformance test point be set for lower MSD capability against specified MSD (Samsung, Skyworks, HW)
· Option 1a: Detailed consideration on test configurations (Samsung):
1. In case UE supports the specified worst case configuration which corresponds to the largest MSD, this configuration is selected as test configuration for verifying both existing specified MSD and lower MSD capability 
1. In case UE does not support the specified worst case configuration, but support the second test configuration (if introduced) which is an optionally defined one to address operator’s demand, the second configuration is selected as test configuration for verifying both existing specified MSD and lower MSD capability 
1. In case UE does not support any of the specified configuration, the worst case configuration the UE supported itself for this band combination should be chosen as test configuration for verifying both existing specified MSD and lower MSD capability 
Note: Whether 1)2)3) is valid, should wait for RAN5’s final confirmation.
· 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 (Skyworks)
· Option 2: Support option2 in last meeting (Spreadtrum)
· Option 3: Continue discuss conformance test configurations related topic for lower MSD after receiving RAN5 reply (vivo)
· WF
FFS in next meeting.

Sub-topic 1-6: Whether to report CBW of aggressor UL and victim DL
· [bookmark: _heading=h.30j0zll]Candidate options:
· Option 1: With conclusion on conformance test points, CBW of aggressor UL and victim DL are not necessary to be included in the essential information for lower MSD capability (Samsung, Spreadtrum, Meta, Xiaomi, HW)
· Option 2: CBW of aggressor UL and victim DL should be reported, but it is fine to wait for RAN5’s feedback (ZTE)
· Option 3: It’s suggested to report MSD values for the aggressor and victim CBW that are configured by network rather than the CBW combinations only for testing points. UE could only report capability information for several typical CBW combinations that are used by commercial network rather than all CBW combinations (CMCC)
· To reduce capability overhead, gNB could query CBW configurations for aggressor and victim carrier and UE reply corresponding MSD
· Option 4: Include the aggressor UL and victim DL bandwidth information in the lower MSD capability report only when the following conditions are met (CHTTL)
· The referred MSD test configuration for the lower MSD is not aligned with the worst case scenario of the supported channel bandwidths of the UE. (i.e. the worst case scenario cannot be assumed.)
· If the UE does not provide the aggressor UL and victim DL bandwidth information, it means that following conditions are assumed by default.
· The aggressor UL and victim DL bandwidth is the minimum supported bandwidth of the corresponding band by the UE in the MSD report for the harmonic, harmonic mixing and the IMD.
· The aggressor UL is the maximum supported bandwidth of the corresponding band by the UE in the MSD report for the cross band isolation.
· The victim DL bandwidth is the minimum supported bandwidth of the corresponding band by the UE in the MSD report for the cross band isolation.
Agreement: 
· CBW of aggressor UL and victim DL are not necessary to be included in the essential information for lower MSD capability
· FFS on the rule for test condition
· With understanding that CBW of aggressor UL and victim DL is known to both UE and TE during test

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 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 can save large amount of signalling overhead (MediaTek)
· WF
FFS in next meeting.

Sub-topic 1-8: Other approaches for lower MSD capability reporting
· Candidate options:
· Option 1: Single-bit low-MSD indicator for a UE is proposed to do more study and considered (vivo)
· Option 2: Discuss whether the 2Rx/4Rx indication for the DL victim band is needed in the lower MSD capability report (CHTTL)
· Option 3: Further consider a joint solution to allow a one bit low MSD indication per BC to potentially reduce the signalling overhead. This indication can be used when all MSD types for this BC have been improved to above a threshold. Details can be further discussed (CHTTL)
· Option 4: it’s suggested to report additional information to show under which Tx power, all the MSD would be negligible, e.g. less than 3dB or 5dB. gNB could use this information for final UE scheduling algorithm or deciding final UE Tx power (CMCC)
· WF
FFS in next meeting.


 
In this paper, we propose how to solve the open issues and propose the detail reported lower MSD threshold range, MSD granularity based on the general lower MSD capability and the small MSD capability.

2. Signalling for lower MSD capability
2.1 Conditions to indicate the lower MSD capability
In the last RAN4 meeting, some vendors requested to define the additional level compared to MSD threshold for actual improved MSD value as follow “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.” 
From our perspective, it is quite difficult to define the absolute level with 1dB from the MSD threshold to report the lower MSD capability signalling. NW do not allow the MSD capability without any improvement of MSD. 
The small MSD improvement also important to the high MSD order cases such as H4,H5, IMD4 and IMD5.    
Therefore, we propose that RAN4 can allow the condition to indicate the lower MSD capability to define the minimal condition for the normal MSD capability reporting but we think the small MSD improvement will be further considered in the different sub-topic of high order IMD/Harmonic cases i.e. H4/H5/IMD4/IMD5 based on the specific band combinations as follow
Proposal #1: We can accept to define the precondition to report the MSD value. The reported MSD value should be improved at least [1 or 2] dB from the specified MSD values except high-order IMD/harmonic sources. Additionally, it is unnecessary to report the Lower MSD values in case the specified MSD itself is small or the MSD improvement is not significant.

2.2 MSD types and orders for lower MSD Capability 
The reported MSD types decided at last RAN4 meeting as follows and new MSD types will be further discussed in Rel-19.
The following MSD type will be defined in Rel-18
· Harmonic
· Harmonic mixing
· Cross band isolation
· IMD 2/3/4/5
· New type will be further discussed in Rel-19 i.e. IMD6/7/8/9 

But, RAN4 did not have intensive discussion on the detail UL/DL configuration as mentioned in [5][6].
In here, the detail number of CC and bands configuration was already defined in specification. RAN4 agreed to follow the existing configuration in Rel-18. So we believe that the additional information of detail UL/DL configuration is quite burden to report MSD capability. So, if RAN4 keep the UL/DL configuration in the existing specification, then we don’t need to provide the additional information.
Therefore, we propose as follow
Proposal #2: If RAN4 can keep the existing UL/DL configuration for the MSD test, then RAN4 don’t need to report the detail UL/DL configuration information (# of CC, # of bands of each UL/DL) and RAN4 can merge the MSD types based on the actual MSD values from UE.   

2.3 Candidate MSD thresholds for all MSD types
In MSD evaluation results in TR38.881 [4], the expected MSD improvements in the evaluation results from interested companies [4] showed that the relative maximum 20 dB MSD enhancements were feasible for the all the MSD types compared to existing MSD requirements in TS38.101-1 and TS38.101-3. However, RAN4 decided the actual MSD will be reported by the absolute MSD values from the specified MSD requirements. 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
	   MSD range
(i.e. Thresholds)
	Note

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

	001
	3 dB
	0 ≤ Actual MSD ≤ 3

	010
	6 dB
	3 < Actual MSD ≤ 6

	011
	9 dB
	6 < Actual MSD ≤ 9

	100
	12 dB
	9 < Actual MSD ≤ 12

	101
	15 dB
	12 < Actual MSD ≤ 15

	110
	18 dB
	15 < Actual MSD ≤ 18

	111
	  24 dB
	18  < Actual MSD ≤ 24



Proposal #3: RAN4 introduces multiple MSD thresholds using 3-bit MSD reporting bitmap in Table 1 to apply lower capability for all CA/DC band combinations according to the different MSD types and different order.

2.4 Conformance test for lower MSD
Generally, we are fine with the option 1 and option 2 in [3] for the conformance test aspect for lower MSD capability signalling. 
Especially, we prefer to keep the current CA/DC UE conformance test’s burden for the lower MSD capability UE on the related conformance perspectives such as test time and the number of test cases. Also, prefer to keep the current test configuration in the existing MSD requirements and do not define the additional minimum requirements in TS38.101-1 and TS38.101-3 for lower MSD capability UE. RAN4 can add the note in the MSD requirements which was already proposed in [5] as follows.

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.
  
For the progress we can accept to option 1 as majority view on the conformance test aspect as follow  

Proposal #4: For the conformance test aspect, meta supports the option 1 in WF [3]. Specially, we prefer not to define the explicit MSD requirements for lower MSD capability in TS38.101-1 and TS38.101-3. 

2.5 Signalling overhead reduction issues
In the last RAN4 meeting, RAN4 agreed not to report the UL & DL CBW since UE and TE already know the CBW information of aggressor and victim bands. Also, we proposed not to report the detail UL/DL configuration for the MSD capability signalling in section 2.2.
For the different power class between PC3 and PC2, the UE can report the highest Power class between two Power classes as RAN4 agreements at the last RAN4 meeting. And only the conformance tests are enabled to the highest power class UE. But this approach is not allowed to PC1.5 UE with other power classes.
Also, RAN4 needs to merge the MSD values according to harmonic/harmonic mixing/cross band isolation/ IMD 2/3/4/5 when the UE supports the same MSD values among these MSD types.
Furthermore, NW explicitly requests the MSD capability signalling information of the MSD capable UE by gNB query and UE only reports the specific capability information filtered by gNB’s query.

Proposal #5: For the signalling overhead reduction mechanism, we are open to adopting some possible solutions such as gNB query, merged MSD types with same MSD values.

2.6 Other approaches for lower MSD capability reporting 
For the lower MSD capability, we think that the additional small MSD capability reporting is needed and separately RAN4 can treat the small MSD capability. In our perspective, the small MSD capability (MSD <= [3] dB) reporting is also useful to apply the actual improved MSD level by high order IMD/harmonic problems (e.g., H5, IMD5) and cross band isolation issues. Even though the improved MSD level is quite small, the MSD enhancement is also important to keep the legacy UE performance in single carrier to overcome the self-interference problems.

Observation #1: A bit indication of small MSD capability (MSD <= [3] dB) can be useful to apply the improved MSD level by the high order IMD/harmonic problems (e.g. 4th/ 5th IMD, 4th/ 5th Harmonic) in the inter-band CA/DC band combinations.    

Based on the observation, RAN4 can discuss separately between general lower MSD capability for all type MSD sources & orders and small MSD capability. The latter MSD capability is related to the specific CA/DC band combinations to overcome the high order IMD/harmonic interference problems and crossband isolations.   

Based on our analysis, we propose the 2-bits MSD reporting as follows.

Table 2: MSD reporting bitmap for lower MSD capability when a bit indication of small MSD capability is enabled (MSD <= [3]dB)
	Bit map
	MSD range
(i.e. Thresholds)
	Note

	00
	-
	Not supported the lower MSD capability. Only apply the existing MSD requirements in TS38.101-1 and TS38.101-3.

	01
	[1] dB
	0 ≤ Actual MSD ≤ [1]

	10
	[2] dB
	1 < Actual MSD ≤ [2]

	11
	[3] dB
	2 < Actual MSD ≤ [3]



Proposal #6: Single bit indication and 2-bits MSD reporting bitmap for the small MSD capability (MSD <= [3] dB) can be considered to apply the improved MSD level by the high order IMD/harmonic problems. 

For the 2Rx/4Rx indication, we believe that the diversity gain is the only different point between 2Rx and 4Rx architecture. So, the diversity gain of 4Rx will be considered based on 2Rx MSD requirements.
Hence, the 2Rx MSD requirement is the reference MSD values and 4Rx MSD will be decreased by the actual diversity gain.
   
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 consider the general MSD capability and small-MSD capability separately.  If RAN4 considers the indication of small MSD capability (MSD <= [3] dB), the reported MSD thresholds in Table 2 are considered to apply actual improved MSD levels for the CA/DC band combination. Furthermore, in the conformance test aspect, we prefer to keep the current test burden of the inter-band CA/DC UE for the lower MSD capability UE. Based on our analysis for the remaining open issues, we proposed as follow 

Proposal #1: We can accept to define the precondition to report the MSD value. The reported MSD value should be improved at least [1 or 2] dB from the specified MSD values except high-order IMD/harmonic sources. Additionally, it is unnecessary to report the Lower MSD values in case the specified MSD itself is small or the MSD improvement is not significant.
Proposal #2: If RAN4 can keep the existing UL/DL configuration for the MSD test, then RAN4 don’t need to report the detail UL/DL configuration information (# of CC, # of bands of each UL/DL) and RAN4 can merge the MSD types based on the actual MSD values from UE. 
Proposal #3: RAN4 introduces multiple MSD thresholds using 3-bit MSD reporting bitmap in Table 1 to apply lower capability for all CA/DC band combinations according to the different MSD types and different order.
Proposal #4: For the conformance test aspect, meta supports the option 1 in WF [3]. Specially, we prefer not to define the explicit MSD requirements for lower MSD capability in TS38.101-1 and TS38.101-3. 
Proposal #5: For the signalling overhead reduction mechanism, we are open to adopt possible solutions such as gNB query, merged MSD types with same MSD values.
Proposal #6: Single bit indication and 2-bits MSD reporting bitmap for the small MSD capability (MSD <= [3] dB) can be considered to apply the improved MSD level by the high order IMD/harmonic problems. 
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