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Topic #2: Study of signaling for Lower MSD
Sub-topic 2-1: MSD capability
Issue 2-1-1: UE reported lower MSD capability vs NW configured value
Option 1: it’s the UE reported MSD capability and let gNB use such information to determine final behavior considering the trade-off between UL performance gain and DL degradation rather than letting gNB determine candidate values and letting UE report which/whether is supported. 
Option 2: Others

<Agreement in main session>: 
· Option1
Issue 2-1-2: Conditions to indicate the lower MSD capability

Option 1: UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved. 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. However, if UE is willing to report the values under these cases, it should not be prohibited. 

Option 2: measures must be discussed to avoid a situation that UE can report lower MSD capability without any actual improvement. 

Option 3: UE report improved MSD as long as the real MSD is below the largest value range, for example 20dB. The band combinations with less than [5dB] MSD requirements in the spec doesn’t need to report the improved MSD. 

Option 4: Others

· WF

· UE could indicate Lower MSD capability for a band combination as long as one kind of MSD from one victim band is improved.
· The amount of MSD improvement necessary for indication needs further study
Issue 2-1-3: Essential information included in the lower MSD capability 
Option 1: 

· Victim band
· MSD type (harmonic; harmonic mixing; cross band isolation; IMD)

· MSD value/thresholds
Option 2: 

· Victim band

· MSD type (harmonic; harmonic mixing; cross band isolation; IMD) with orders

· MSD value/thresholds

Option 3: Others, including
· Power class of the aggressor UL

· Aggressor UL and victim DL bandwidth
<Agreement in main session>: 
· Use Option 2 as the starting point and discuss how to capture the other necessary parameters.
Issue 2-1-4: Other information suggested for the lower MSD capabilty
Option 1: In order to facilitate the network to estimate the actual self-interference level at the UE (based on Path Loss, CSI, etc), allow and enable the UE to report the ratio of MSD reduction to Tx power reduction. (HW)
Option 2: A way to indicate MSD = 0 dB region(s) on top of lower MSD capability following the conventional MSD test configuration (Nokia)

Option 3: Define a single-bit low-MSD indicator for a UE to signal to the network that all MSDs related to a given band combination is ≤ [5]dB (HW)

Option 3a: A joint solution of one bit low MSD indication per BC with the per victim band per MSD type per band combination signaling, one bit low MSD indication can be used if all MSD types for this BC have been improved to above a threshold. (CHTTL)

Option 4: Others

· WF

–
FFS in next meeting.
Issue 2-1-5: Interference/aggressor orders considered for lower MSD 
Option 1: the interference order can be {1, 2, 3, 4, 5}. (OPPO)

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. (HW, [MTK])

· Aggressor order max up to 9 in existing specs (MTK)
Option 3: For harmonic/harmonic mixing/cross band isolation, the interference order is not necessarily to be made aware to NW. (Samsung)

Option 4: The maximum interference order considered is 3rd or 4th order is enough. (vivo)
Option 5: Others

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.
Issue 2-1-6: Orders for IMD MSD to be reported

Option 1: Orders aligned with MSD requirements and test points (Samsung).

· 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 allowed 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 for the victim band 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.

Option 1a: Slightly different alternative compared with option 1 (ZTE)

· For one band combination with 2CC as UL:
· When the 2CC configured with intra-band UL CA configured in one of the two band, the lowest order IMD is recommended 

· When the 2CC configured with 1UL CC in each of UL band, if multiple IMD orders occur per victim band, the lowest order IMD is recommended as worst case to represent the whole spectrum of the inter-band CA combinations. Optionally, a second MSD test point corresponds to the lowest even and the lowest odd order IMD.
· For one band combination with 3CC as UL:
· 1st order triple-beat product.
Option 2: Only define and verify the lowest order of IMD in case of multiple orders exist for a band combination for Low MSD capability (vivo, Xiaomi)

Option 3: No limitation on the reported orders (Nokia, CMCC, MTK)

· if there is no explicitly MSD relation between lower order IMD and higher order IMD, all orders are suggested to be report since lower order MSD can’t cover all the victim RBs caused by higher order IMD (CMCC)

Option 4: For a given band combination the UE can declare the low MSD capability separately for each impairment (i.e. IMD2, IMD4, HD2, HD3, Rx LO H2 etc.) where the UE performs better than in the current standard. (Qualcomm)

Option 5: Others
· WF

· Consider together with issue 2-1-5
Issue 2-1-7: Candidate MSD thresholds 

[Background] Agreements in RAN4#105:

· Define exact absolute Lower MSD threshold(s)

· 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

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)
· WF

· FFS in next meeting.
Issue 2-1-8: Differentiation of the lower MSD capability for power classes 

Option 1: Consider 0/5/10/15dB as PC3 thresholds applicable for all kinds of MSD, while 3dB could be considered as the offset vs power class. Lower MSD capability is applicable for PC1.5, PC2 and PC3. Allow UE to report Lower MSD capability for different power classes. (Samsung)

Option 2: identical thresholds to all aggressor power classes (HW, ZTE, vivo)
Option 3: different thresholds per MSD PC are needed or any other measures must be discussed to avoid a situation that UE can report lower MSD capability without any actual improvement (Nokia)
Option 4: Allow the UE to report the MSD value for a band combination at a given UL power level. The UL power level is requested by the network, and can be one of the filtering parameters during the capability query. The process may be executed once before a SCell is configured or activated, and can be viewed as an extension of reporting MSD per power class (i.e. MSD for 23/26/29dBm) but works more efficiently. (HW)

· WF

· FFS in next meeting.
Issue 2-1-9: Dyanmic capability reporting in Rel-18
<Agreement in main session>: 
· Don’t introduce Lower MSD report as dynamic signaling scheme in Rel-18.

Sub-topic 2-2: Applicability of lower MSD capability
Issue 2-2-1: Applicability of the lower MSD thresholds for different MSD types 

Option 1: Identical Lower MSD thresholds are applicable for all kinds of MSD. (Samsung, HW, ZTE)

Option 2: different thresholds per MSD type are needed or any other measures must be discussed to avoid a situation that UE can report lower MSD capability without any actual improvement (Nokia)

Option 3: for interference type harmonic, cross band and IMD, it’s suggested to use the identical threshold since the enhanced MSD value range for them are very close. But for harmonic mixing, it’s suggested to use relatively larger max threshold value considering such interference may be relatively hard to be enhanced (CMCC)

Option 4: Others

AH Agreement
Identical Lower MSD thresholds are applicable for each MSD mechanism

Issue 2-2-2: Applicability of Lower MSD capability for higher order combination 

Option 1: Lower MSD capability for higher order combination is inherited from lower order fallback combinations 

· For 2-bands combination, the MSD values (or capability class) are supposed to be reported separately as per victim band per MSD type per band combination

· For 3-bands combination, the MSD values (or capability class) are only reported for IMD of dual UL falling into the third band DL, other kinds of Lower MSD capability (harmonic/ harmonic mixing/cross band isolation/IMD due to dual UL falling into own DL) could inherit from 2-band combinations with the same power class.

· For combination with more than 3 bands, no need to report the Lower MSD capability any more, the capability could inherit from the fallback combinations with the same power class.

Option 1a: Higher order BCs by the UE inherit the reported MSD capabilities per fallback BCs as shown in Table below. This principle is applied to even for MSD due to triple beat as far as the number of bands for UL is limited to two.  (Nokia)

	MSD Type
	Minimum BC unit

	
	1UL/2DL
	2UL/2DL
	2UL/3DL

	UL Harmonic
	X
	
	

	Harmonic mixing
	X
	
	

	Cross band isolation
	X
	
	

	IMD
	
	X
	X1

	NOTE 1: Only MSD impacting on the DL whose UL is not configured with is reported.


Option 2: If high band combination is with low MSD, then the fallback band combinations can also be considered as low MSD, because the high band combination has more complex interference situations and some MSD types are only existing in the high order band combinations, for example IMD from two bands interfere a third band. And low band combination with low MSD doesn’t mean high band combination is also with low MSD. (OPPO)

Option 3: For band combinations with 3 or more bands report only the lower MSD values for impairments that are not covered by the corresponding 2-band combinations (Qualcomm)

Option4: Others
<Agreement in main session>: 
Use Option 1 as the baseline.
Sub-topic 2-3: Other issues
Issue 2-3-3: Test configurations for lower MSD
Option 1: (Samsung)

For IMD, the same UL/DL configurations and test points as for the minimum requirements
For harmonic/harmonic mixing/cross band isolation, the Lower MSD capability should be derived and verified under the worst case UL/DL configuration (i.e. 1st test point, which is mandatory to be defined) as for the specified minimum requirements, rather than under all configurations. 

· For harmonic, the worst case configuration is under the minimum victim DL CBW& “direct-hit” as collision type& lowest harmonic order; 

· 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 the UE supported for the band combination.
· Note: The worst case configuration for harmonic/harmonic mixing/cross band isolation is mandatorily specified.
Option 2: One test point per MSD type (Qualcomm)

· Each impairment declaring low MSD is verified

· One test point per declaration is used

· Test point is the same as for minimum requirement, only change being improved MSD

· When multiple minimum requirement test points exist for the same impairment, test point used for verification is chosen by selecting the one where minimum requirement allows largest MSD

Option 3: Others

· WF

· For all impairments the same UL/DL configurations and test points as for the minimum requirements

· If the same impairment order (e.g. IMD5, H3 etc.) has multiple test configurations, the one having largest MSD is chosen to be tested

· For cross-band isolation this applies per band combination

Issue new: Conclusion proposal for the study phase of lower MSD in RAN#99
· The feasibility for MSD improvement for all kinds of MSD has been confirmed based on the evaluation from companies on the selected example band combinations.
· Several promising options for allowing a UE to signal improved lower MSD performance have been discussed, with which companies think it is feasible to introduce the lower MSD capability.

· Details of the lower MSD capability will be further discussed in the UE RF FR1 WI.

<Agreement in main session>: 
Capture the above proposal in SR for RAN#99.

