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Introduction
In this contribution, we present our analysis and views on UE features for eDSS, including PDCCH reception in symbols with LTE CRS REs and two overlapping CRS rate matching patterns.
NR PDCCH reception
In RAN1#110 meeting, the following agreements were agreed for NR PDCCH reception for eDSS [1]. And 9 remaining issues have been discussed in RAN1#110bis-e without any consensus reached [2].
	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.
Conclusion
RAN1 understands above agreements applies to 15kHz SCS only.


Given there are still many aspects unclear for this topic, we provide our general views on the necessities of corresponding UE capabilities first. More details can be discussed later.   
· Whether to introduce UE capability for supported CE methods 
In RAN1#110bis-e, whether/how to introduce UE capability for supported CE methods for the PDCCH reception in symbols with LTE CRS REs was discussed. The proposal is listed below as suggested by the moderator.  
	Issue#
	Description

	4
	Introduce UE capability to indicate one or more supported channel estimation abilities for the reception of NR PDCCH candidates that overlap with LTE CRS REs
•	details to be discussed during UE capability discussions (e.g. CE on all PDCCH-DMRS symbols, CE on clean symbol(s) PDCCH-DMRS only)


According to the agreement made in RAN1#110, legacy CE assumption can be supported if no RAN4 performance requirements are defined. Apparently, legacy CE does NOT require a new UE capability. Therefore, legacy CE should be a mandatory feature for a UE supporting Rel-18 DSS if no RAN4 performance requirements are defined. A UE can report whether it can support CE on clean symbols only. 
Observation 1: Legacy CE should be a mandatory feature for a UE supporting Rel-18 DSS if no RAN4 performance requirements for legacy CE are defined. 
In case RAN4 decides that new RAN4 performance requirements are needed for legacy CE, legacy CE assumption will not be considered in RAN1 according to RAN1 agreement. In such case, A UE can only support CE on clean symbols only, which should be a basic UE capability for Rel-18 DSS. 
Observation 2: ‘CE on clean symbols only’ should be a mandatory feature for a UE supporting Rel-18 DSS if RAN4 concludes that new RAN4 performance requirements are needed for legacy CE assumption. 
With above, we have the following proposal.
Proposal 1: A basic UE capability of reception of NR PDCCH candidates overlapped with LTE CRS REs is supported.
· If no RAN4 performance requirements are defined, legacy CE should be a mandatory feature for a UE supporting Rel-18 DSS, i.e., included in the basic UE FG, and a UE can additionally report whether it supports ‘CE on clean symbols only’. 
· If RAN4 concludes that new RAN4 performance requirements are needed for legacy CE, ‘CE on clean symbols only’ should be a mandatory feature for a UE supporting Rel-18 DSS, i.e., included in the basic UE FG. 
· Restriction on the symbols
In RAN1#110bis-e, whether to limit the symbols supporting PDCCH reception in symbols with LTE CRS REs were discussed. Two options are listed below suggested by the moderator, while some companies prefer not to limit the symbols during the discussion.  
	Issue#
	Description

	5
	[bookmark: _Hlk116466320]Alt-1: Specify restrictions on certain symbols where reception of NR PDCCH overlapped with LTE CRS Res is not supported e.g. symbol#0
Alt-2: Specify NW indication of location of LTE PDCCH


The main reason to limit on symbol #0 is that worse performance is expected than that on other symbols. While such performance issue could be acceptable and leave to implementation, especially when there are only 4 additional REGs occupied on symbol#0 by PCFICH and PHICH duration is configured as extended. As a result, performance loss may be minor on symbol#0 compared with other symbols, i.e. symbol#2, #3. On the other hand, any enhancement for PDCCH reception overlapping with CRS on symbol #0 should be avoided. So, we may no need to explicitly impose such restrictions and therefore we have the following proposal.
Proposal 2: No restriction on the symbols for reception of NR PDCCH candidates overlapped with LTE CRS REs is introduced.

· Whether to limit the number of LTE CRS patterns 
In RAN1#110bis-e, whether to limit the number of LTE CRS patterns or pattern lists for the PDCCH reception in symbols with LTE CRS REs were discussed. Two options are listed below suggested by the moderator, while some companies preferred to change ‘list’ to ‘pattern’ during the discussion.  
	Issue#
	Description

	2
	Alt-1: Reception of NR PDCCH candidates overlapped with LTE CRS REs from only one configured LTE CRS pattern list is supported
Alt-2: Reception of NR PDCCH candidates overlapped with LTE CRS REs from either one or two configured LTE CRS pattern lists is supported


In RAN1#110, PDCCH reception in symbols with LTE CRS REs is agreed, and UE support for two overlapping CRS rate matching patterns are also agreed with introducing two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18.
Further combining with current RRC signalling listed below for CRS rate matching pattern, the non-overlapping CRS rate matching patterns in one LTE-CRS-PatternList can be up to 3, and up to 2 lte-CRS-PatternList can be configured regardless of lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 configured or not. That is, a UE could be configured with up to 6 CRS rate matching patterns no matter in Rel-16 or Rel-18.
	lte-CRS-PatternList1-r16 SetupRelease { LTE-CRS-PatternList-r16 } OPTIONAL, -- Need M 
lte-CRS-PatternList2-r16 SetupRelease { LTE-CRS-PatternList-r16 } OPTIONAL, -- Need M 
LTE-CRS-PatternList-r16 ::= SEQUENCE (SIZE (1..maxLTE-CRS-Patterns-r16)) OF RateMatchPatternLTE-CRS
maxLTE-CRS-Patterns-r16 INTEGER ::= 3 -- Maximum number of additional LTE CRS rate matching patterns

	lte-CRS-PatternList1 
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2 
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.



Firstly, reception of NR PDCCH candidates that overlap with more than one non-overlapping LTE CRS rate matching patterns from one LTE CRS pattern list should be supported. Because the frequency resource of a CORESET could be overlapped with more than one non-overlapping LTE CRS rate matching patterns from one LTE CRS pattern list due to the larger bandwidth of NR than LTE.  
Secondly, for PDCCH reception in symbols with LTE CRS REs, whether to support it together with two overlapping CRS rate matching patterns from two LTE CRS pattern lists should be determined. It is preferred to support this due to the following reasons.
· In current spec, a UE is not required to monitor the PDCCH candidate if at least one RE of a PDCCH candidate for the UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList. And LTE-CRS-PatternList can be set by both lte-CRS-PatternList1 and lte-CRS-PatternList2. As a result, if UE could monitor PDCCH candidate in symbols with LTE CRS REs in Rel-18, it is no need to further restrict only one LTE CRS pattern list which will lead to non-unified UE implementations.
· Even in the worst case, i.e., the REs indicated by both two overlapping lists (list 1&2 or list 3&4) are punctured for NR PDCCH, it may still potentially have better performance. Because there are still some non-punctured REs (i.e. 4 REs with one PRB in symbol with LTE CRS) can be used for NR PDCCH and a higher aggregation level can still be used by using two OFDM symbols with using the same frequency resources for NR PDCCH. Therefore, there is no need to preclude PDCCH reception in symbols with LTE CRS REs in this case.
Proposal 3: Reception of NR PDCCH candidates overlapped with LTE CRS REs from either one or two configured LTE CRS pattern lists is supported.
Two overlapping CRS rate matching patterns
In RAN1#109 meeting, the following agreements were agreed for two overlapping CRS patterns for DSS [3]. 
	Agreement
· Introduce new UE capability(ies) for support of two overlapping LTE CRS patterns in Rel-18 DSS if the UE is NOT configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet. 
· NW can configure two LTE-CRS overlapping rate matching patterns without coresetPoolIndex only if the UE indicates support of the new capability(ies). 
· Clarify that the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16.
· Maximum number of LTE-CRS rate matching patterns for PDSCH supported by a UE (i.e., maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16) is kept unchanged.



According to the second bullet of above agreements, it needs to clarify the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-MultiTRP-r16 (i.e., FG 16-2a).  As a result, we have the following proposal. 
Proposal 4: Clarify the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-MultiTRP-r16 as follows.
	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier 
	1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	14-1, 16-2a 
	overlapRateMatchingEUTRA-CRS-r16
	BandNR
	n/a
	n/a (FR1 only)
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling



As shown in Section 6, the existing FG 14-1 and 14-1a are used for support of multiple overlapping CRS rate matching patterns. Basically, FG 14-1 is to report the total number of supported CRS rate matching patterns including both non-overlapping and overlapping ones. FG 14-1a is to report whether the UE support two overlapping patterns in multi-DCI M-TRP case. 
Since the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-Multi-TRP-r16, a new Rel-18 UE capability similar as FG 14-1/1a should be introduced for all kinds of PDSCH transmission in Rel-18, i.e., single-TRP, single-DCI or multi-DCI based MTRP PDSCH transmission in Rel-18. According to the agreement, the maximum number of LTE-CRS rate matching patterns for PDSCH supported by a UE is kept unchanged. Therefore, we have the following proposal.
Proposal 5: Adopt the following UE FG on maximum number of LTE-CRS rate matching patterns for Rel-18 DSS.
	xx-1
	Multiple LTE-CRS rate matching patterns
	For a UE configure with lte-CRS-PatternList3-r18,
1)Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS
2)Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS
	5-28 (Rate-matching around LTE CRS)
	Per band 
	n/a
	n/a (FR1 only)
	For DSS
The number of the additional CRS rate matching patterns reported in Rel-18 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot

UE reporting component 1 for xx-1 also reports component 2.
Reporting of values of Component 1 larger than two is only applicable when reporting values of Component 2 larger than one.
	Optional with capability signalling

Component 1:{2, 3, 4, 5, 6}

Component 2: {1, 2, 3}



Based on the agreement made in RAN1#110 below, when Rel-18 RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 configured, UE supports two overlapping CRS rate matching patterns regardless of Multi-DCI based MTRP or not.
	Agreement
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured only if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on.”



With above, a similar FG as FG 14-1a can be introduced. 
Proposal 6: Adopt the following UE FG on two overlapping LTE-CRS rate matching patterns for Rel-18 DSS.
	xx-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	For a UE configure with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18,
1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	xx-1 
	Per FSPC
	n/a
	n/a (FR1 only)
	For DSS
The number of the additional CRS rate matching patterns reported in Rel-18 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling



Conclusion
In this contribution, the UE capabilities for Rel-18 DSS are analyzed with the following proposals.
 Observation 1: Legacy CE should be a mandatory feature for a UE supporting Rel-18 DSS if no RAN4 performance requirements for legacy CE are defined. 
Observation 2: ‘CE on clean symbols only’ should be a mandatory feature for a UE supporting Rel-18 DSS if RAN4 concludes that new RAN4 performance requirements are needed for legacy CE assumption. 
Proposal 1: A basic UE capability of reception of NR PDCCH candidates overlapped with LTE CRS REs is supported.
· If no RAN4 performance requirements are defined, legacy CE should be a mandatory feature for a UE supporting Rel-18 DSS, i.e., included in the basic UE FG, and a UE can additionally report whether it supports ‘CE on clean symbols only’. 
· If RAN4 concludes that new RAN4 performance requirements are needed for legacy CE, ‘CE on clean symbols only’ should be a mandatory feature for a UE supporting Rel-18 DSS, i.e., included in the basic UE FG. 
Proposal 2: No restriction on the symbols for reception of NR PDCCH candidates overlapped with LTE CRS REs is introduced.
Proposal 3: Reception of NR PDCCH candidates overlapped with LTE CRS REs from either one or two configured LTE CRS pattern lists is supported.
Proposal 4: Clarify the Rel-16 UE capability overlapRateMatchingEUTRA-CRS-r16 is subject to support of multiDCI-MultiTRP-r16 as follows.
	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier 
	1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	14-1, 16-2a 
	overlapRateMatchingEUTRA-CRS-r16
	BandNR
	n/a
	n/a (FR1 only)
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling



Proposal 5: Adopt the following UE FG on maximum number of LTE-CRS rate matching patterns for Rel-18 DSS.
	xx-1
	Multiple LTE-CRS rate matching patterns
	For a UE configure with lte-CRS-PatternList3-r18,
1)Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS
2)Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS
	5-28 (Rate-matching around LTE CRS)
	Per band 
	n/a
	n/a (FR1 only)
	For DSS
The number of the additional CRS rate matching patterns reported in Rel-18 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot

UE reporting component 1 for xx-1 also reports component 2.
Reporting of values of Component 1 larger than two is only applicable when reporting values of Component 2 larger than one.
	Optional with capability signalling

Component 1:{2, 3, 4, 5, 6}

Component 2: {1, 2, 3}



Proposal 6: Adopt the following UE FG on two overlapping LTE-CRS rate matching patterns for Rel-18 DSS.
	xx-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	For a UE configure with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18,
1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	xx-1 
	Per FSPC
	n/a
	n/a (FR1 only)
	For DSS
The number of the additional CRS rate matching patterns reported in Rel-18 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling
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Existing UE capability for CRS rate matching
5

	14-1
	Multiple LTE-CRS rate matching patterns
	1)Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS
2)Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS
	5-28 (Rate-matching around LTE CRS)
	multipleRateMatchingEUTRA-CRS-r16 {
maxNumberPatterns-r16,
maxNumberNon-OverlapPatterns-r16} 
	BandNR

	n/a
	n/a (FR1 only)
	For DSS
The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot

UE reporting component 1 for 14-1 also reports component 2.
Reporting of values of Component 1 larger than two is only applicable when reporting values of Component 2 larger than one.
	Optional with capability signalling

Component 1:{2, 3, 4, 5, 6}

Component 2: {1, 2, 3}

	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	14-1 
	overlapRateMatchingEUTRA-CRS-r16
	BandNR
	n/a
	n/a (FR1 only)
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling



