[bookmark: _Hlk127467963][bookmark: _Toc481653327][bookmark: _Toc519094990][bookmark: _Toc481570476][bookmark: historyclause]
3GPP TSG-RAN WG4 Meeting #108	R4- 2313486
Toulouse, France, 21st – 25th August, 2023

Source: 	Huawei, HiSilicon
Title:	On the indication of lower-MSD capability
Agenda Item:	8.4.1.3.1
Document for:	Approval
1	Introduction
Good progress was made in the last meeting as shown in the agreed WF [1] on lower MSD, and the key design decisions were communicated to RAN2 in [2]. The remaining issues will be further discussed in the sequel. 
2	Discussion
2.1	Key design aspects
The key design decisions made in the last meeting are duplicated below for convenience of reference.Sub-topic 1-2: MSD for different power classes
· Agreement in Adhoc
The UE reports the MSD class per MSD types for the highest supported power class for the band combination
· UE can additionally report lower MSD for other PCs if NW/regulator requested 
· Conformance test is only performed for the highest supported power class
· Lower MSD reported for lower power class does not need to be tested 
Sub-topic 1-3: MSD orders
Issue 1-3-1: Order for harmonic/ harmonic mixing/cross band isolation MSD
· Agreement in Adhoc
· No need to report order for harmonic/ harmonic mixing/cross band isolation 
· Lower MSD capability class reported apply for all specified orders
Issue 1-3-2: Order for IMD MSD
· Agreement in Adhoc
· IMD order up to 5 in Rel-18
Issue 1-3-3: New MSD types can be added as new MSD requirements are developed in RAN4 for future proof
· Agreement in Adhoc
· New MSD types may be added later 
· Inform RAN2 the MSD types/order agreed to be reported based on existing spec 
· Harmonic, harmonic mixing, crossband isolation, IMD 2, 3, 4, 5
· Add a new special lower MSD type as “ALL” 
· FFS on detail of “ALL” type
[bookmark: OLE_LINK7]Sub-topic 1-4: Candidate MSD thresholds
· 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.
[bookmark: _Hlk135941035]Sub-topic 1-6: Whether to report CBW of aggressor UL and victim DL
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

Regarding the MSD thresholds, we believe the 3-bit candidate solution is a reasonable trade-off between signalling overhead and reporting accuracy.
Proposal 1: Adopt the 3-bit MSD threshold table as shown below.
	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



It’s agreed that a special MSD type of “ALL” may be defined for the purpose of lower-MSD reporting in addition to the normal MSD types, namely harmonic, harmonic mixing, crossband isolation IMD2, IMD3, IMD4 and IMD5. In our view, the special MSD type of “ALL” can also be defined per victim band per BC, since the normal MSD types are applied per victim band.
Proposal 2: The special MSD type “ALL” can also be defined per victim band per BC, which is used to indicate that the actual MSD for all normal MSD types (i.e., harmonic, harmonic mixing, crossband isolation IMD2, IMD3, IMD4 and IMD5) if applicable for the given victim band in the BC is no more than the same threshold to be reported. In other words, the same lower-MSD capability class applies for all normal MSD types for the victim band of the BC once the special MSD type “ALL” is indicated.
2.2	Other pending issues
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.
· Option 2-5: <content omitted>

Regarding the conditions to indicate the lower MSD capability, we think option 1 is sufficient even without specifying the minimum required MSD improvement value (shown as “TBD” in option 1). 
Proposal 3: Regarding conditions to indicate the lower MSD capability, adopt option 1 with or without specifying the minimum required MSD improvement value (shown as “TBD” in option 1).

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 signaled 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 signaled per power class tested (Skyworks)
· Option 2: Support option2 in last meeting (Sptreadtrum)
· Option 3: Continue discuss conformance test configurations related topic for lower MSD after receiving RAN5 reply (vivo)


Based on the reply from RAN5, the proposed solution for case 1 and 2 in option 1a are feasible. For case 3, RAN4 needs to add clarification in the spec in order to make the requirements explicit to RAN5.
Proposal 4: Regarding conformance test for lower MSD, adopt option 1a with the addition of explicit requirements for case 3 to RAN4 specifications.
2.3 Signalling overhead reduction
Here’s a brief survey of the existing MSD requirements in TS 38.101-1 v18.2.0.
	MSD type
	Frequency relationship between aggressor band and victim band
	Number of victim bands per BC
	MSD requirements

	Harmonic 
	aggressor is lower than the victim
	only one per 2-band combination
	

	Harmonic mixing
	aggressor can be lower or higher than victim 
	up to 2 victims per 2-band combination, e.g. CA_n40-n78, CA_n41-n77
	The MSD values are close (within 3dB) for the two victim bands, e.g. 10.4dB (UL2/DL3) for band n40/n41 and 8.3dB (UL3/DL2) for band n78/n77.

	IMD (for 2-band combinations)
	dual-UL IMD falls into one of the two DL bands
	For most cases, there’s only one victim band for a given IMD order. Exceptions include: CA_n25-n66 and CA_n28-n74.
	For CA_n25-n66, IMD3 MSD is 20dB for band n25 and 23dB for band n66;
For CA_n28-n74, IMD4 MSD is 11.3dB for band n28 and 14.6dB for band n74.

	IMD (for 3-band combinations)
	dual-UL IMD falls into the DL of the 3rd band
	It’s common to have more than one (up to 3) victim bands for a given IMD order.
	The MSD values for the same IMD order are close (within 3dB) in majority cases. 
Exceptions include:
CA_n1-n7-n40: MSD=16.4/23dB for IMD3;
CA_n1-n41-n79: MSD=29.9/29.4/19dB for IMD2;
CA_n3-n40-n77: MSD=29.9/29.4/19dB for IMD2;
CA_n28-n78-n79: MSD=16.2/26.2/26.9dB for IMD2;
CA_n28-n78-n102: MSD=16/22dB for IMD3.


	crossband isolation
	aggressor and victim are close to each other
	up to 2 victims per 2-band combination
	The MSD values differ significantly for the two victim bands.
For example, MSD=18.1dB for n1 while 6.1 for n41 for CA_n1-n41;
MSD=22.3dB for n7 while 3.7dB for n40 for CA_n7-n40. 



Based on the survey results, the following observations are obtained:
Observation 1: For MSD type of harmonic, there is no need to report the victim band within a 2-band combination.
Observation 2: For MSD type of harmonic mixing, the victim band within a 2-band combination can be omitted and apply the same lower-MSD class to both victim bands when applicable.
Observation 3: For MSD type of IMD for 2-band combinations, the victim band might also be omitted during reporting.
Observation 4: For MSD type of crossband isolation, the MSD values could differ significantly for the two victim bands. One of the main factors is the choice of the aggressor channel BW, e.g. 100MHz vs 50MHz.
Proposal 5: For the sake of signalling overhead reduction, further study if the victim band for a given band combination can be omitted from reporting at least for some of the MSD types.
2.4 Lower MSD reporting for high-order band combinations
RAN2 has raised concerns on MSD capability inheritance [3]. It’s worth noting that the current RAN4 specifications only defines the MSD requirements for band combinations consisting of 2 or 3 bands. Such band combinations are the fallbacks of higher order band combinations with more than 2 or 3 component bands. It’s implied that UEs supporting high order band combinations shall meet the same MSD requirements defined for the fallbacks. In the course of discussing the lower-MSD capability, the same principle has been assumed, i.e., the indicated MSD improvement shall be held regardless of the order of band combinations.
Observation 5: RAN4 defines the MSD requirements using band combinations consisting of 2 or 3 bands. UEs supporting high order band combinations shall meet the same MSD requirements as the fallbacks. When reporting the lower-MSD capability, the indicated MSD improvement shall be maintained regardless of the order of band combinations, and no new test points would be added.
The network may request the UE to report lower MSD capability for a list of interested bands. And the UE may report it for each band pair. For example, the network is interested in a list of four bands, namely, B0, B1, B2, B3. The UE may report lower MSD capability for up to 6 (= ) band pairs, i.e., B0B1, B0B2, B0B3, B1B2, B1B3, B2B3.
Table 1: Band pairs to report lower MSD
	
	B0
	B1
	B2
	B3

	B0
	-
	x
	x
	x

	B1
	-
	-
	x
	x

	B2
	-
	-
	-
	x

	B3
	-
	-
	-
	-


For each band pair, the MSD threshold of any applicable MSD type may be reported, including: harmonic, harmonic interference, crossband isolation and IMD. Note that the victim band of IMD can be any of the four bands. For example, the victim band of the IMD of CA_B0-B1 could be B0, B1, B2 or B3.
Table 2: Lower MSD information to be reported for a band pair within a list of bands
	MSD Type/Band Pair
	Harmonic
	Harmonic mixing
	Crossband Isolation
	IMD
(victim within the band pair)
	IMD
(victim outside the band pair but within the band list)

	BiBj (i<j)
	<MSD threshold>
	<MSD threshold>
	<MSD threshold>
	<MSD threshold, IMD order>
	<MSD threshold, IMD order, victim band index >



Proposal 6: For a list of bands, the lower MSD capability can be reported per band pair, for which the victim band is one of the bands in the list.
Proposal 7: Reply RAN2 with the clarification on RAN4’s assumptions on MSD requirements for higher order combinations together with other agreements in this meeting.
3	Conclusion
The observations and proposals are reiterated below:
Proposal 1: Adopt the 3-bit MSD threshold table as shown below.
	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



Proposal 2: The special MSD type “ALL” can also be defined per victim band per BC, which is used to indicate that the actual MSD for all normal MSD types (i.e., harmonic, harmonic mixing, crossband isolation IMD2, IMD3, IMD4 and IMD5) if applicable for the given victim band in the BC is no more than the same threshold to be reported. In other words, the same lower-MSD capability class applies for all normal MSD types for the victim band of the BC once the special MSD type “ALL” is indicated.
Proposal 3: Regarding conditions to indicate the lower MSD capability, adopt option 1 with or without specifying the minimum required MSD improvement value (shown as “TBD” in option 1).
Proposal 4: Regarding conformance test for lower MSD, adopt option 1a with the addition of explicit requirements for case 3 to RAN4 specifications.
Observation 1: For MSD type of harmonic, there is no need to report the victim band within a 2-band combination.
Observation 2: For MSD type of harmonic mixing, the victim band within a 2-band combination can be omitted and apply the same lower-MSD class to both victim bands when applicable.
Observation 3: For MSD type of IMD for 2-band combinations, the victim band might also be omitted during reporting.
Observation 4: For MSD type of crossband isolation, the MSD values could differ significantly for the two victim bands. One of the main factors is the choice of the aggressor channel BW, e.g. 100MHz vs 50MHz.
Proposal 5: For the sake of signalling overhead reduction, further study if the victim band for a given band combination can be omitted from reporting at least for some of the MSD types.
Observation 5: RAN4 defines the MSD requirements using band combinations consisting of 2 or 3 bands. UEs supporting high order band combinations shall meet the same MSD requirements as the fallbacks. When reporting the lower-MSD capability, the indicated MSD improvement shall be maintained regardless of the order of band combinations, and no new test points would be added.
Proposal 6: For a list of bands, the lower MSD capability can be reported per band pair, for which the victim band is one of the bands in the list.
Proposal 7: Reply RAN2 with the clarification on RAN4’s assumptions on MSD requirements for higher order combinations together with other agreements in this meeting.
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