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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. In the contribution, we provide our views on UE feature for eDSS [1].
	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
1. 
2. 
As usual, UE capability is needed to help NW identify whether UE supports R18 DSS, as well as the supported CE options for R18 DSS. The following proposal [2] was discussed in the previous meeting.
	Proposal-2: Introduce UE capability (or capabilities) to indicate supported channel estimation 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)


As RAN4 has so far not verified any additional requirements for legacy CE (RAN4 work is scheduled to start in Q4), RAN1 can discuss whether separate capabilities or a single capability with multiple candidate CE option is required to indicate the following cases:
· option1. Support CE on all PDCCH-DMRS symbols
· option2. Support CE on clean symbol(s) PDCCH-DMRS only
· option3. option1 and option2
If RAN1 does not consider legacy CE, at least option2 should be supported. However, if the capability only includes option2, and RAN4 subsequently determines that option1 can be supported without additional requirements in Q4, the UE feature signaling would need to be revised. To address this, one possible solution is to allow a set of candidate values for the supported PDCCH-DMRS channel estimation in the reported UE capability. Additionally, according to the previous simulation results, the PDCCH performance not only depends on the receiver type and CE, but also relies on the ratio of PSD ratio of CRS and PDCCH. When the PSD ratio of CRS and PDCCH is 1:1, the PDCCH performance of legacy receivers (i.e., legacy PDCCH decoding+legacy CE) deteriorates significantly compared with R17, thus CE based on clean symbol(s) PDCCH-DMRS only is preferred in this case. However, when the CRS PSD is relatively low, legacy receivers may have better performance. Thus, UE may need to support ‘both’ CE options so that NW can further indicate which to be used according to its deployment. The following design can be considered.
[bookmark: _Ref131778852][bookmark: _Ref115427046]Proposal 1. Regarding UE capability(s) for PDCCH reception on CRS symbol(s), RAN1 adopts the  following FG: 
-  FG: Indicate the support of NR PDCCH reception in symbols with LTE CRS REs, and the supported CE mechanism(s) (e.g., including CE on all PDCCH-DMRS symbols, CE on the clean symbol(s) PDCCH-DMRS only, both). 
	Feature group
	Components
	Prerequisite FG
	Field name in TS 38.331
	Parent IE
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	NR PDCCH reception in symbols with LTE CRS REs
	1. support NR PDCCH reception in symbols with LTE CRS REs
	5-28 (Rate-matching around LTE CRS)
	pdcchReceptionOnCRS-r18
	BandNR
	n/a
	n/a (FR1 only)
	Component 1:{‘channel estimation on clean symbol(s) PDCCH-DMRS only’, ‘Legacy channel estimation: channel estimation on all PDCCH-DMRS symbols’, ‘both’}
Note: ‘channel estimation on all PDCCH-DMRS symbols’ is legacy CE assumption, and shall not require any new performance requirement.
	Optional with capability signaling



3. Discussion on two overlapping CRS rate matching patterns
	Working Assumption
Introduce two new RRC parameters (i.e., list3 and list4). gNB cannot configure legacy list1/2 and new list3/4 simultaneously. If new list3/4 are configured, UE applies list3/4 regardless of whether CORESETPoolIndex= 1 is configured for any of DL BWPs of the serving cell.
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.
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.”
Agreement 
lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applicable to 15 kHz SCS PDSCH only.


Regarding the two overlapping CRS rate matching patterns, the above agreements are achieved. It can be seen that this feature is quite similar to per band reported feature overlapRateMatchingEUTRA-CRS-r16 for MTRP. As such, this R18 feature can also be reported per-band basis. The following design can be considered.
[bookmark: _Ref131778853]Proposal 2. Regarding the two overlapping CRS rate matching patterns, introduce the following FG:
	Feature group
	Components
	Prerequisite FG
	Field name in TS 38.331
	Parent IE
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	Support of two LTE-CRS overlapping rate matching patterns provided by lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier
	14-1 
	overlapRateMatchingEUTRA-CRS-r18
	BandNR
	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
The 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.
	Optional with capability signaling



3. 
4. 
4. Conclusion
In this contribution, we have the following proposals.
Proposal 1. Regarding UE capability(s) for PDCCH reception on CRS symbol(s), RAN1 adopts the  following FG: 
-  FG: Indicate the support of NR PDCCH reception in symbols with LTE CRS REs, and the supported CE mechanism(s) (e.g., including CE on all PDCCH-DMRS symbols, CE on the clean symbol(s) PDCCH-DMRS only, both)
	Feature group
	Components
	Prerequisite FG
	Field name in TS 38.331
	Parent IE
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	NR PDCCH reception in symbols with LTE CRS REs
	1.support NR PDCCH reception in symbols with LTE CRS REs
	5-28 (Rate-matching around LTE CRS)
	pdcchReceptionOnCRS-r18
	BandNR
	n/a
	n/a (FR1 only)
	Component 1:{‘channel estimation on clean symbol(s) PDCCH-DMRS only’, ‘Legacy channel estimation: channel estimation on all PDCCH-DMRS symbols’, ‘both’}
Note: ‘channel estimation on all PDCCH-DMRS symbols’ is legacy CE assumption, and shall not require any new performance requirement.
	Optional with capability signaling



Proposal 2. Regarding the two overlapping CRS rate matching patterns, introduce the following FG:
	Feature group
	Components
	Prerequisite FG
	Field name in TS 38.331
	Parent IE
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	Support of two LTE-CRS overlapping rate matching patterns lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier
	14-1 
	overlapRateMatchingEUTRA-CRS-r18
	BandNR
	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
The 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.
	Optional with capability signaling
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