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Introduction
[bookmark: _Hlk510705081]RAN1#114bis managed to achieve a good maturity level with the DSS enhancements WI’s feature groups [1] essentially completing the core design. This contribution suggests additional UE FGs that should be introduced for efficient system operation.
Discussion
During the WI phase the discussion on UE’s indication of its PDCCH processing approach when overlapping with LTE CRS was deferred to the UE features discussions. Now that the baseline UE FGs for eDSS are essentially completed it is time to address this remaining aspect of eDSS.
As shown in [R1-2206432] (Nokia, Nokia Shanghai Bell), the UE that takes into account the presence of the LTE CRS in its PDCCH demodulator/decoder may reach different performance than one that uses the “legacy” PDCCH demodulator/decoder and doesn’t take the PDCCH/CRS collisions into account. Specifically, for a given receiver type, the gNB could avoid using or even configuring the PDCCH candidates that it knows have a very high SNR requirement or can be expected to fail no matter what the SNR when the candidate is colliding with CRS. Further, if the gNB knows that the UE doesn’t do any special processing then it could superposition the LTE CRS and NR PDCCH for improved PDCCH demodulation/decoding performance, while there’d be no benefit in doing so with the UEs that would anyway disregard the REs that overlap with the CRS.
Observation 1: It is beneficial for the gNB to know to what the UE is capable of in terms of PDCCH decoding when overlapping with LTE CRS
Different UE capabilities helping the network to decide what to do with the colliding REs are:
· Is the PDCCH decoder puncturing or using the PDCCH REs colliding with the LTE CRS RE
· Is the PDCCH channel estimator using all DMRS REs (legacy), ignore the DMRS REs overlapping with CRS REs, or ignore the DMRS REs of the symbol overlapping with the LTE CRS

Based on the discussions in RAN1#114bis, the proposal is simplified to the following:
Proposal 1: Introduce the following new FGs for eDSS
	[bookmark: _Hlk149808167]FG
	FG name
	Components
	Pre-requisite
	Value range
	Note

	52-1c
	RE puncturing for PDCCH decoding in DSS
	Puncturing the PDCCH REs colliding with LTE CRS in the PDCCH decoding process
	52-1
	{Supported}
	Absence means that gNB should not make any assumptions on the UE’s treatment of the overlapping REs

	52-1d
	DMRS RE usage in PDCCH channel estimation in DSS
	Usage of PDCCH DMRS REs on the PDCCH symbol(s) overlapping with the CRS symbol(s)
	52-1
	{DMRS REs not overlapping with LTE CRS REs, 
none of the DMRS REs}
	Absence means that gNB should not make any assumptions on the UE’s treatment of the overlapping REs




Conclusion
In this contribution we make the following observations and proposals:
Observation 1: It is beneficial for the gNB to know to what the UE is capable of in terms of PDCCH decoding when overlapping with LTE CRS
Proposal 1: Introduce the following new FGs for eDSS
	FG
	FG name
	Components
	Pre-requisite
	Value range
	Note

	52-1c
	RE puncturing for PDCCH decoding in DSS
	Puncturing the PDCCH REs colliding with LTE CRS in the PDCCH decoding process
	52-1
	{Supported}
	Absence means that gNB should not make any assumptions on the UE’s treatment of the overlapping REs

	52-1d
	DMRS RE usage in PDCCH channel estimation in DSS
	Usage of PDCCH DMRS REs on the PDCCH symbol(s) overlapping with the CRS symbol(s)
	52-1
	{DMRS REs not overlapping with LTE CRS REs, 
none of the DMRS REs}
	Absence means that gNB should not make any assumptions on the UE’s treatment of the overlapping REs
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Appendix: NR_DSS_enh FGs after RAN1#114 [1]
52.	NR_DSS_enh
	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

	[bookmark: _Hlk149214378]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

2) Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate and the DMRS for demodulation of the NR PDCCH candidate is not overlapped with LTE CRS, b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}

3) Reception of NR PDCCH candidates that overlap with LTE CRS REs on the X-th symbols of an NR slot. Candidate values for X: {only 2nd symbol, 1st and 2nd symbols}

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
	N/A
	N/AFR1 only
	N/A
	For component 2, RAN1 considers support value b) in component 2 only if RAN4 performance requirements for value b) are not defined

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 one or multiple non-overlapping CRS rate matching patterns via lte-CRS-PatternList1-r16 if the UE supports FG 14-1 or lte-CRS-PatternList3-r18 if the UE supports FG 52-2
	52-1, at least one of {14-1, 52-2}
	Yes
	N/A
	
	Per Band
	N/A
	N/AFR1 only
	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
	N/A
	N/AFR1 only
	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)
	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) for the case when crs-RateMatchPerCoresetPoolIndex is not configured
2) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS with candidate value set: {2,3,4,5,6}
3) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS with candidate value set: {1,2,3}
	5-28
	Yes
	N/A
	 UE does not support 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
	Per Band
	N/A
	FR1 only
	N/A
	 If a UE supports FG52-2 and FG14-1, FG14-1 is reported for list1/2 and FG52-2 is reported for list3/4
	Optional with capability singaling

	52. NR_DSS_enh
	52-2a
	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 for the case when crs-RateMatchPerCoresetPoolIndex is configured

	52-2, 16-2a
	Yes
	N/A
	
	Per Band
	N/A
	FR1 only
	N/A
	
	Optional with capability singaling




