[bookmark: _Hlk31821325][bookmark: _Hlk31821338]3GPP TSG-RAN WG1 Meeting #113		R1-2304515
Incheon, Korea, May 22nd – May 26th, 2023  

Source:	vivo
[bookmark: Title]Title:	Discussion on UE features for eDSS
[bookmark: Source]Agenda Item:	9.16.13
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Ref16006416]In the previous meeting, the following agreements were made for PDCCH reception on CRS symbol, and the intial UE features for eDSS are agreed in [1]. In the contribution, we provide our views on UE features for eDSS.
	Agreement
If the feature “Reception of NR PDCCH candidates that overlap with LTE CRS REs” is supported, it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.
Agreement
Reception of NR PDCCH candidates that overlap with LTE CRS REs is supported by Rel18 UEs
PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side.
Note: depends on UE capability 
Following options can be used for PDCCH-DMRS channel estimation
· legacy CE assumption 
· RAN1 consider support this, if no RAN4 performance requirements are defined
· CE on clean symbol(s) only (this channel estimation option does not apply for 1 symbol CORESET)
Note: Restriction on the symbols and/or LTE CRS patterns applicable for above agreements can be considered during UE capability session.



2. Discussion on PDCCH reception on CRS symbol
· FG 52-1
	1) Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM pattern by configuration of one CRS rate matching pattern [via lte-CRS-ToMatchAround]


FG 52-1 addresses the support of eDSS by a UE supporting only one CRS pattern, which is the basic capability of eDSS. Some companies have suggested supporting scenarios where only one CRS pattern is included in lte-CRS-PatternList1-r16, lte-CRS-PatternList2-r16, lte-CRS-PatternList3-r18, and lte-CRS-PatternList4-r18 in FG 52-1. However, a single CRS pattern in a list is equivalent to configure only lte-CRS-ToMatchAround. We don’t see the need to configure a CRS pattern list including one CRS pattern, compared with configuring the lte-CRS-ToMatchAround. Addtionaly, if there is a need to support eDSS when a list including a single CRS pattern is configured, a separate FG is preferred. Therefore, the current version should be agreed.
[bookmark: _Ref134625056]Proposal 1. Component1 in FG 52-1 is supported.

	[2) PDCCH-DMRS channel estimation 
Value 1: PDCCH-DMRS channel estimation based on legacy CE assumption
Value 2: for CORESET duration greater than 1 symbol, PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS
Other values FFS]
[Note: For component 2, RAN1 consider support legacy CE only if no RAN4 performance requirements are defined for this option]


Regarding whether to indicate CE options in FG 52-1, some companies commented that as the support of legacy CE is deferred to waite for RAN4 agreement, it should not be included as part of RAN1 UE feature. They have also suggested that there should be no restriction on UE implementations in the spec. Instead, UE should reports whether it needs a CORESET with clean symbol(s) for eDSS. However, we have the following concerns on reporting {need, no-need} of a CORESET with clean symbol(s):
· Unclear meaning/performance requirements of reporting "need" or "no-need". 
No relationship between {"need", "no-need"} and "supported CE" has been defined. Even if the UE reports "need", it does not necessarily mean that the UE cannot support CE based on all DMRS symbols. Therefore, the network cannot anticipate the UE's behavior, let alone guarantee the PDCCH performance. If the network always ensures performance based on the worst-case, then the indication of "no-need" and "need" becomes the same as "support of clean symbol-based CE only" and "support of legacy CE only", which is equvaliant to explicit CE indication in FG 52-1.
· Even if a relationship is defined, the decision to include the reporting of "no-need" still depends on RAN4's evaluation of legacy CE. 
As RAN4 will not start the evaluation of legacy CE until Q4, RAN1 can decide on details of the FG structure first and revise it based on RAN4 agreements in the future.
Based on the above discussion, we suggest the following solutions to move forward:
· Option1. Report the supported CE in component2, the candiate values include: 
· Value 1: PDCCH-DMRS channel estimation based on legacy CE assumption; 
· Value 2: for CORESET duration greater than 1 symbol, PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS; 
· Value 3: both CE schemes
· Option2. Report the need of CORESET with at least one clean symbol in component2, the candiate values include:
· Value 1: need; 
· Value 2: not need; 
· Value 3: either
· And clarify in the FG that "need" means "support PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS only", "no-need" means "support PDCCH-DMRS channel estimation based on legacy CE assumption only", "either" means "support both CE schemes "
Regarding the note for component2, this note should be kept to reflet RAN1 agreement. 
[bookmark: _Ref134625057][bookmark: _Ref134625137][bookmark: _Ref134993138]Proposal 2. Down-select one of the following options for Component2 in FG 52-1 to move forward: 
-  Option1. Report the supported CE in component2, the candiate values include {Value 1: PDCCH-DMRS channel estimation based on legacy CE assumption; Value 2: for CORESET duration greater than 1 symbol, PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS; value 3: both CE schemes }
-  Option2. Report the need of CORESET with at least one clean symbol in component2, the candiate values include {Value 1: need; value 2: not need; value 3: either}, and clarify in the FG that " need" means "support PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS only", "no-need" means "support PDCCH-DMRS channel estimation based on legacy CE assumption only", "either" means "support both CE scheme"

[bookmark: _Ref134625059]Proposal 3. The Note(RAN1 consider support legacy CE only if no RAN4 performance requirements are defined for this option]) for Component2 in FG 52-1 is supported.

	[4) NR PDCCH that overlaps with LTE CRS REs is in [Type-1 CSS with dedicated RRC configuration, Type-3 CSS, and/or] USS that are monitored within the first 3 OFDM symbols of a slot]


To avoid impact on legacy UE and idle UE, R18 eDSS should be supported only for dedicated configured SS, thus component4 should be supported. we are also ok to support eDSS only for USS.
[bookmark: _Ref134625060]Proposal 4. Component4 in FG 52-1 is supported.

· FG 52-1a
	1) Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM patterns by configuration of multiple non-overlapping CRS rate matching patterns [via lte-CRS-PatternList1-r16]


This feature is not related to 52-2, thus only lte-CRS-PatternList1-r16 should be considerd. 
[bookmark: _Ref134625061]Proposal 5. FG for eDSS when multiple non-overlapping CRS patterns are configured is supported independently without requiring FG 52-2 as a prerequisite. 
Based on the above discussion, the FG 52-1/1a can be updated as shown in the appendix(changes in red)

3. Discussion on two overlapping CRS rate matching patterns
· FG 52-2
	1) Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier [(regardless of support or configuration of multi-TRP)]
2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS: {2,3,4,5,6}
· FFS: total number reported by UE in FG 14-1 and FG 52-2 shall not exceed 6
· FFS: Note: If a UE supports FG52-2 and FG14-1, the maximum numbers reported for FG 52-2 should be equal to or larger than the numbers reported for FG 14-1
3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS: {1,2,3}
· FFS: total number reported by UE in FG 14-1 and FG 52-2 shall not exceed 3
· FFS: Note: If a UE supports FG52-2 and FG14-1, the maximum numbers reported for FG 52-2 should be equal to or larger than the numbers reported for FG 14-1


Although this feature is not depended on the support of mTRP, from an implementation and testing perspective, it would be better to have separate FGs for indicating the supported TRP configurations together with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18. Separating the FGs for single TRP and mTRP would help the quick rollout of the eDSS feature. Otherwise, the UE can indicate the support of this feature only after it completes the IoT testing in both single TRP and mTRP deployment, even if the UE does not support mTRP. Moreover, if a single TRP capable UE starts to implement mTRP, unless the IoT testing for eDSS + mTRP is completed, the UE has to indicate “not support” of eDSS feature even if this feature is already tested and used before for single TRP case. On the other hand, if FG 52-2 is exclusively meant for single TRP, a UE that declares support for FG 52-2 can later add mTRP functionality without the need for retesting on the FG for single TRP. Thus, "regardless of support or configuration of multi-TRP" should be removed, and FG 52-2 should be limited to single TRP only. A separate FGs for UE supporting mTRP should be introduced.
[bookmark: _Ref134625062][bookmark: _Ref134992991]Proposal 6. Support the following changes for FG 52-2
-  FG 5-28 is the prerqusite FG of FG 52-2
-  "[regardless of support or configuration of multi-TRP]" is removed
-  Clarify that FG 52-2 is for UE supporting single TRP and lte-CRS-PatternList3-r18/lte-CRS-PatternList4-r18, and introduce a separate FG for UE supporting mTRP and lte-CRS-PatternList3-r18/lte-CRS-PatternList4-r18 
It was discussed that the total number of supported maximum LTE CRS rate matching patterns or LTE CRS non-overlapping rate matching patterns within a NR carrier should not exceed the larger value reported between FG 14-1 and FG 52-2. For example, if UE reports 2 and 4 for component2 in FG 14-1 and FG 52-2 respectively, it means that the UE supports up to 4, not 6, LTE CRS rate matching patterns in total for a NR carrier. To clarify this, we suggest the following wording:
[bookmark: _Ref134625064][bookmark: _Ref134993047]Proposal 7. For component2 and component3 in FG 52-2, revise the two FFSs as below: 
-  component2: If a UE supports FG 52-2 and FG 14-1, the total number supported by UE in FG 14-1 and FG 52-2 shall not exceed the larger value reported between FG 14-1 and FG 52-2
-  component3: If a UE supports FG 52-2 and FG 14-1, the total number supported by UE in FG 14-1 and FG 52-2 shall not exceed the larger value reported between FG 14-1 and FG 52-2
Based on the above discussion, the FG 52-2 can be updated as shown in the appendix(changes in red)

· FG 52-3
	FFS: Support reception of NR PDCCH candidates overlapping with LTE CRS REs when two LTE-CRS overlapping rate matching patterns are configured


One major concern with this FG is that it allows PDCCH reception on a symbol that overlaps with two LTE CRS patterns. We would be ok to accept this FG if this case can be precluded, but if it is not precluded, we would prefer not to include this FG in the specification.
[bookmark: _Ref134625065]Proposal 8. FG 52-3 is either not supported or can be supported with condtion that the case where NR PDCCH candiates overlapped with LTE CRS REs from two LTE CRS patterns on a same carrier is precluded.

Conclusion
In this contribution, we have the following proposals:
Proposal 1. Component1 in FG 52-1 is supported.
Proposal 2. Down-select one of the following options for Component2 in FG 52-1 to move forward: 
-  Option1. Report the supported CE in component2, the candiate values include {Value 1: PDCCH-DMRS channel estimation based on legacy CE assumption; Value 2: for CORESET duration greater than 1 symbol, PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS; value 3: both CE schemes }
-  Option2. Report the need of CORESET with at least one clean symbol in component2, the candiate values include {Value 1: need; value 2: not need; value 3: either}, and clarify in the FG that " need" means "support PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS only", "no-need" means "support PDCCH-DMRS channel estimation based on legacy CE assumption only", "either" means "support both CE scheme"
Proposal 3. The Note(RAN1 consider support legacy CE only if no RAN4 performance requirements are defined for this option]) for Component2 in FG 52-1 is supported.
Proposal 4. Component4 in FG 52-1 is supported.
Proposal 5. FG for eDSS when multiple non-overlapping CRS patterns are configured is supported independently without requiring FG 52-2 as a prerequisite.
Proposal 6. Support the following changes for FG 52-2
-  FG 5-28 is the prerqusite FG of FG 52-2
-  "[regardless of support or configuration of multi-TRP]" is removed
-  Clarify that FG 52-2 is for UE supporting single TRP and lte-CRS-PatternList3-r18/lte-CRS-PatternList4-r18, and introduce a separate FG for UE supporting mTRP and lte-CRS-PatternList3-r18/lte-CRS-PatternList4-r18
Proposal 7. For component2 and component3 in FG 52-2, revise the two FFSs as below: 
-  component2: If a UE supports FG 52-2 and FG 14-1, the total number supported by UE in FG 14-1 and FG 52-2 shall not exceed the larger value reported between FG 14-1 and FG 52-2
-  component3: If a UE supports FG 52-2 and FG 14-1, the total number supported by UE in FG 14-1 and FG 52-2 shall not exceed the larger value reported between FG 14-1 and FG 52-2
Proposal 8. FG 52-3 is either not supported or can be supported with condtion that the case where NR PDCCH candiates overlapped with LTE CRS REs from two LTE CRS patterns on a same carrier is precluded.
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1. [bookmark: _Ref131338932][bookmark: _Ref134622429]R1-2304282, Initial RAN1 UE features list for Rel-18 NR after RAN1#112bis-e
Appendix(updates to FG, changes in red)



	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	52. NR_DSS_enh
	52-1
	Reception of NR PDCCH candidates overlapping with LTE CRS REs
	Reception of NR PDCCH candidates that overlap with LTE CRS REs within a NR carrier using 15 kHz SCS

1) Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM pattern by configuration of one CRS rate matching pattern [via lte-CRS-ToMatchAround]

Down select one option
Option1
[2) PDCCH-DMRS channel estimation 
Value 1: PDCCH-DMRS channel estimation based on legacy CE assumption
Value 2: for CORESET duration greater than 1 symbol, PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS
Value 3: both CE schemes]
Option2. 
2) the need of CORESET with at least one clean symbol not overlapped with CRS
Value 1: need; 
Value 2: not need; 
Value 3: either
Note: "need" means "support PDCCH-DMRS channel estimation based on PDCCH-DMRS REs in symbols not overlapping with LTE CRS only", "no-need" means "support PDCCH-DMRS channel estimation based on legacy CE assumption only", "either" means "support both CE schemes"

[3) Reception of NR PDCCH candidates that overlap with LTE CRS REs only on the 2nd symbol of an NR slot]

[4) NR PDCCH that overlaps with LTE CRS REs is in [Type-1 CSS with dedicated RRC configuration, Type-3 CSS, and/or] USS that are monitored within the first 3 OFDM symbols of a slot]
	5-28
	Yes
	N/A
	UE is not required to support reception of NR PDCCH candidates overlapping with LTE CRS REs when it is provided with LTE CRS RM pattern by higher layers 
	[Per Band]
	[No]
	[No]
	[N/A]
	[Component 2 candidate value set: {Value 1, Value2, other values FFS}]

[Component 3 candidate value set: {Value 1, other values FFS}]

[Note: From UE perspective, PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15] 

[Note: For component 2, RAN1 consider support legacy CE only if no RAN4 performance requirements are defined for this option]

Note: it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.
	Optional with capability signaling

	52. NR_DSS_enh
	52-1a
	Reception of NR PDCCH candidates overlapping with LTE CRS REs with multiple non-overlapping CRS rate matching patterns
	1) Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM patterns by configuration of multiple non-overlapping CRS rate matching patterns [via lte-CRS-PatternList1-r16]

	52-1, 14-1
	Yes
	N/A
	
	[Per Band]
	[No]
	[No]
	[N/A]
	Note: it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.
	Optional with capability signaling

	52. NR_DSS_enh
	52-1b
	NR PDCCH reception that overlaps with LTE CRS within a single span of 3 consecutive OFDM symbols that is within the first 4 OFDM symbols in a slot
	1) NR PDCCH that overlaps with LTE CRS REs is in [Type-1 CSS with dedicated RRC configuration, Type-3 CSS, and/or] USS that are monitored within a single span of 3 consecutive OFDM symbols that is within the first 4 OFDM symbols in a slot
	52-1, 22-12
	Yes
	N/A
	
	[Per Band]
	[No]
	[No]
	[N/A]
	
	Optional with capability signaling

	52. NR_DSS_enh
	52-2
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier [(regardless of support or configuration of multi-TRP)] and single TRP
	1) Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier and single TRP [(regardless of support or configuration of multi-TRP)]
2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS: {2,3,4,5,6}
· FFS: total number reported by UE in FG 14-1 and FG 52-2 shall not exceed 6
· FFS: Note: If a UE supports FG52-2 and FG14-1, the maximum numbers reported for FG 52-2 should be equal to or larger than the numbers reported for FG 14-1
· If a UE supports FG52-2 and FG14-1, the total number supported by UE in FG 14-1 and FG 52-2 shall not exceed the larger value reported between FG 14-1 and FG 52-2
3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS: {1,2,3}
· FFS: total number reported by UE in FG 14-1 and FG 52-2 shall not exceed 3
· FFS: Note: If a UE supports FG52-2 and FG14-1, the maximum numbers reported for FG 52-2 should be equal to or larger than the numbers reported for FG 14-1
· If a UE supports FG52-2 and FG14-1, the total number supported by UE in FG 14-1 and FG 52-2 shall not exceed the larger value reported between FG 14-1 and FG 52-2
	[5-28]
	Yes
	N/A
	[UE does not support for two overlapping LTE-CRS RM patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier when UE is supporting or configured with single-TRP]
	[Per Band]
	[No] 
	[No]
	[N/A]
	FFS: Note: If a UE supports FG52-2 and FG14-1, the maximum numbers reported for FG 52-2 should be equal to or larger than the numbers reported for FG 14-1
FFS: Note: If a UE supports FG52-2 and FG14-1, the total number supported by UE in FG 14-1 and FG 52-2 shall not exceed the larger value reported between FG 14-1 and FG 52-2
	Optional with capability singaling

	52. NR_DSS_enh
	52-2a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier and mTRP 
	1) Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz overlapping with a LTE carrier and mTRP
2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS: {2,3,4,5,6}
· FFS: total number reported by UE in FG 14-1 and FG 52-2 shall not exceed 6
· FFS: Note: If a UE supports FG52-2 and FG14-1, the maximum numbers reported for FG 52-2 should be equal to or larger than the numbers reported for FG 14-1
· If a UE supports FG52-2a and FG14-1, the total number supported by UE in FG 14-1 and FG 52-2a shall not exceed the larger value reported between FG 14-1 and FG 52-2a
3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS: {1,2,3}
· FFS: total number reported by UE in FG 14-1 and FG 52-2 shall not exceed 3
· FFS: Note: If a UE supports FG52-2 and FG14-1, the maximum numbers reported for FG 52-2 should be equal to or larger than the numbers reported for FG 14-1
If a UE supports FG52-2a and FG14-1, the total number supported by UE in FG 14-1 and FG 52-2a shall not exceed the larger value reported between FG 14-1 and FG 52-2a
	[5-28], 16-2a
	Yes
	N/A
	UE does not support for two overlapping LTE-CRS RM patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier when UE is supporting or configured with multi-TRP 
	[Per Band]
	[No] 
	[No]
	[N/A]
	FFS: Note: If a UE supports FG52-2a and FG14-1, the maximum numbers reported for FG 52-2a should be equal to or larger than the numbers reported for FG 14-1
FFS: Note: If a UE supports FG52-2a and FG14-1, the total number supported by UE in FG 14-1 and FG 52-2a shall not exceed the larger value reported between FG 14-1 and FG 52-2a
	Optional with capability singaling

	52. NR_DSS_enh
	52-2b
	Two LTE-CRS overlapping rate matching patterns with two different values of coresetPoolIndex within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	Support of two LTE-CRS overlapping rate matching patterns configured by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 with two different values of coresetPoolIndex within a part of NR carrier using 15 kHz overlapping with a LTE carrier
FFS additional clarification of relation between Rel-16 capability
	52-2a, 16-2a
	Yes
	N/A
	
	[Per Band]
	[No] 
	[No]
	[N/A]
	
	Optional with capability singaling

	52. NR_DSS_enh
	52-3
	FFS: Support reception of NR PDCCH candidates overlapping with LTE CRS REs when two LTE-CRS overlapping rate matching patterns are configured
	
	52-1, at least one of 52-2 or 14-1a
	Yes
	N/A
	
	[Per Band]
	No 
	No 
	N/A
	
	



