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Introduction
In this document, we provide our view on UE capability details for Rel18 DSS Enhancements WI. 
Discussion
In RAN1#112b-e initial UE feature list for Rel18 DSS Enhancements WI was agreed [1]. The agreements are included in Annex A. Below we provide our view on additional details for each feature.
Reception of NR PDCCH candidates that overlap with LTE CRS REs
Regarding channel estimation (i.e., the discussion related to component 2 of FG 52-1), supporting the feature with 1-symbol CORESET and legacy CE provides the highest capacity gain among all the evaluated scenarios (performance evaluations for different CORESET durations and channel estimation options and summary of results from [2] is included in Annex B for reference). Therefore, the feature should be supported at least for this combination. 
Typically, channel estimation is considered as UE receiver implementation aspect and is transparent to the specifications. However, the case of ‘clean symbol-based CE’ can only be supported with 2-symbol or 3-symbol CORESET durations while the ‘legacy CE’ is applicable to all possible CORESET durations. Given this, if UEs that support only ‘clean symbol CE’ are to be supported, a capability indication to distinguish them from UEs supporting ‘legacy CE’ is required.
Also, if UE capability signalling is introduced such that a UE can indicate that it supports the feature with two channel estimation methods (‘legacy CE’ and ‘clean symbol CE’), then an RRC parameter would be needed to explicitly configure the UE to use one of the two supported channel estimation methods.
Proposal 1
· Regarding channel estimation options (i.e., discussion related to component 2 of FG 52-1)
· FG 52-1 should support of reception of NR PDCCH candidates that overlap with LTE CRS REs using ‘legacy channel estimation’ and all possible CORESET durations.
· If there are UEs that only support the ‘clean symbol CE’ channel estimation option for CORESET durations greater than 1 symbol, separate capability indication for this (either as a component indication within FG 52-1 or separate FG) should be supported.
Regarding any restrictions on the symbols (i.e., the discussion related to component 3 of FG 52-1), as shown in Figure 2-1 below (details in [2]), supporting this feature in second OFDM symbol (s1) enables (2sym + 11sym) or (3sym+10sym) combination of (NR PDCCH symbols +NR PDSCH symbols). Therefore, the feature should be supported at least for s1. 
Among other candidates (s0, s4, s7, s8, s11), we see some benefit in supporting the feature also for s0 and s4 as they enable additional (LTE PDCCH+ NR PDCCH + NR PDSCH) combinations. These can be supported via additional capability indications.
[image: ]
Figure 2-1 – Example configuration of LTE and NR transmissions on a DSS carrier with Rel18 Enhancement.

Proposal 2
· Regarding restrictions on symbols (i.e., discussion related to component 3 of FG 52-1)
· UE support of reception of NR PDCCH candidates that overlap with LTE CRS REs in 2nd OFDM symbol (s1) of a slot should be supported for FG 52-1.
· Separate capability indication for UE support in {s0,s1}, {s1,s4}, {s0,s1,s4} can be additionally supported (either as a component indication within FG 52-1 or separate FG).
Regarding any restrictions on the search spaces (i.e., the discussion related to component 4 of FG 52-1), we do not see need to introduce restriction related to search spaces. Even from UE perspective, there is little/no impact to implementation if legacy CE is used. Even with clean symbol CE, if the UE can support the feature for USS there no additional complexity to support it for other SS sets. 
Regarding restricting FG 52-1 for SS sets that are monitored within the first 3 OFDM symbols of a slot, if component 3 already provides UEs the option to indicate support of the feature only in 2nd OFDM symbol (s1) of a  slot , then we do not see need to further restrict the search space to first 3 symbol span. i.e., for a UE indicating Rel16 FG 22-12, it should be possible to support NR PDCCH candidates that overlap with LTE CRS REs in 2nd OFDM of a slot when the SS set with the PDCCH candidates is in a span of three contiguous OFDM symbols that is within the first four OFDM symbols in a slot.
Proposal 3
· Regarding discussion of SS set restriction(s) related to component 4 of FG 52-1 (and 52-1b)
· There is no need to introduce restrictions on search space sets for UE support of reception of NR PDCCH candidates that overlap with LTE CRS REs
· If restrictions are introduced, at least following should be supported, 
· FG 52-1 should provide support for NR PDCCHs that overlap with LTE CRS REs at least in USS, Type-1 CSS with dedicated RRC configuration and Type-3 CSS
· For UEs indicating Rel16 FG 22-12, at least the following should be supported (either as part of FG 52-1 or separate FG 52-1b)
· Reception of NR PDCCH candidates that overlap with LTE CRS REs in 2nd OFDM symbol of a slot when the SS set with the PDCCH candidates is in a span of three contiguous OFDM symbols that is within the first four OFDM symbols in the slot.
Regarding other aspects of FG 52-1, FG 52-1a
· OK to confirm the FG can be indicated Per Band. 
· OK to keep the Note – “Note: For component 2, RAN1 consider support legacy CE only if no RAN4 performance requirements are defined for this option”. 
· The other Note – “From UE perspective, PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15” is not strictly necessary since the CRs for the feature anyway do not introduce any new mapping for PDCCH candidates or PDCCH-DMRS RE mapping.
Support of two overlapping CRs RM patterns

Regarding FG 52-2
· We prefer to include “regardless of support or configuration of multi-TRP” in the FG description and component 1 to avoid confusion with Rel16 FGs.
· OK to include FG 5-28 as prerequisite.
· OK to confirm the FG is Per Band
· [bookmark: _Hlk134892944]Regarding the FFS bullets in component 2,3, the maximum numbers allowed in component 2,3 are already aligned with Rel16 values (maxNumberPatterns-r16 and maxNumberNon-OverlapPatterns-r16). We do no need see need to introduce further restrictions linking FG 52-2 and FG 14-1. 
Regarding FG 52-2a
· OK to confirm the FG is Per Band
· Regarding “FFS additional clarification of relation between Rel-16 capability” we prefer to keep 52-2a independent from 16-2a-5.
Regarding FG 52-3, we prefer to support this combination as it does provide PDCCH capacity improvement (albeit to lesser extent compared NR PDCCH candidate overlap to with non-overlapping CRS patterns). From UE perspective, given agreements on no impact PDCCH-DMRS and PDCCH mapping there is no additional complexity required compared to supporting 52-1/1a. 
Proposal 4
· For FG 52-2
· Include “regardless of support or configuration of multi-TRP” in the FG description and component 1 to avoid confusion with Rel16 FGs
· Remove the FFS bullets in component 2 and 3 (i.e., do not introduce further restrictions linking FG 52-2 and FG 14-1).
· For FG 52-2a
· Remove “FFS additional clarification of relation between Rel-16 capability”, i.e., keep 52-2a independent from 16-2a-5.
· Support FG 52-3 - “Reception of NR PDCCH candidates overlapping with LTE CRS REs when two LTE-CRS overlapping rate matching patterns are configured”

Conclusions
 In this document we discuss UE capability details for Rel18 DSS Enhancements WI and propose the following
Proposal 1
· Regarding channel estimation options (i.e., discussion related to component 2 of FG 52-1)
· FG 52-1 should support of reception of NR PDCCH candidates that overlap with LTE CRS REs using ‘legacy channel estimation’ and all possible CORESET durations.
· If there are UEs that only support the ‘clean symbol CE’ channel estimation option for CORESET durations greater than 1 symbol, separate capability indication for this (either as a component indication within FG 52-1 or separate FG) should be supported.
Proposal 2
· Regarding restrictions on symbols (i.e., discussion related to component 3 of FG 52-1)
· UE support of reception of NR PDCCH candidates that overlap with LTE CRS REs in 2nd OFDM symbol (s1) of a slot should be supported for FG 52-1.
· Separate capability indication for UE support in {s0,s1}, {s1,s4}, {s0,s1,s4} can be additionally supported (either as a component indication within FG 52-1 or separate FG).
Proposal 3
· Regarding discussion of SS set restriction(s) related to component 4 of FG 52-1 (and 52-1b)
· There is no need to introduce restrictions on search space sets for UE support of reception of NR PDCCH candidates that overlap with LTE CRS REs
· If restrictions are introduced, at least following should be supported, 
· FG 52-1 should provide support for NR PDCCHs that overlap with LTE CRS REs at least in USS, Type-1 CSS with dedicated RRC configuration and Type-3 CSS
· For UEs indicating Rel16 FG 22-12, at least the following should be supported (either as part of FG 52-1 or separate FG 52-1b)
· Reception of NR PDCCH candidates that overlap with LTE CRS REs in 2nd OFDM symbol of a slot when the SS set with the PDCCH candidates is in a span of three contiguous OFDM symbols that is within the first four OFDM symbols in the slot.
Proposal 4
· For FG 52-2
· Include “regardless of support or configuration of multi-TRP” in the FG description and component 1 to avoid confusion with Rel16 FGs
· Remove the FFS bullets in component 2 and 3 (i.e., do not introduce further restrictions linking FG 52-2 and FG 14-1).
· For FG 52-2a
· Remove “FFS additional clarification of relation between Rel-16 capability”, i.e., keep 52-2a independent from 16-2a-5.
· Support FG 52-3 - “Reception of NR PDCCH candidates overlapping with LTE CRS REs when two LTE-CRS overlapping rate matching patterns are configured”
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Annex A
Initial FGs for Rel18 DSS Enhancements WI agreed in RAN1#112b-e are copied below from [1]
Agreement:
Introduce following FGs

	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]

[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]

[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)]
	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
	[5-28]
	Yes
	N/A
	[UE 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 not supporting or configured with multi-TRP is not enabled]
	[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
	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
FFS additional clarification of relation between Rel-16 capability
	52-2, 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
	
	




Annex B
Below we provide summary of performance evaluations for different CORESET configurations and channel estimation options from R1-2207439 ([2]). For detailed evaluation results and evaluation assumptions please refer to [2].
Table 2.3.0-1. Summary of PDCCH capacity evaluations (Scenario #1A)
	 
	Evaluated case
	Description 2
	PDCCH capacity
(Avg. #DCIs per slot)

	
	
	
	Baseline1
	R18 enh.
	Gain (%)

	1
	#1A-O2 
	1sym CS/SS in s1, legacy RE mapping, legacy Rx processing for PDCCH REs and PDCCH DMRS REs and legacy CE. 
More details in section 2.3.1 and Observation 6
	2.9
	4.3
	47

	2
	#1A-O2a
	1sym CS/SS in s1, legacy RE mapping, legacy Rx processing for PDCCH DMRS REs and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in section 2.3.1 and Observation 6
	2.9
	4.8
	67

	3
	#1A-O2b
	1sym CS/SS in s1, legacy RE mapping, PDCCH REs and PDCCH DMRS REs overlapping with CRS punctured/nulled by Rx.
More details in section 2.3.1 and Observation 6
	2.9
	5.1
	77

	Notes:
1. 1sym NR PDCCH in s2 used as baseline with s0, s1 reserved for LTE PDCCH and remaining 11 symbols for data.
2. Details such as coexistence assumptions and % UEs that can support the Rel18 enhancement are provided in the corresponding Observation 6 mentioned in the description. CS/SS implies CORESET/Search space.



Table 2.3.0-2. Summary of PDCCH capacity evaluations (Scenario #2)
	 
	Evaluated case
	Description 2
	PDCCH capacity
(Avg. #DCIs per slot)

	
	
	
	Baseline1
	R18 enh.
	Gain (%)

	4
	#2- O2
	2sym CS/SS in s1+s2, legacy RE mapping, legacy Rx processing for PDCCH REs, PDCCH DMRS REs and legacy CE.
More details in Observation 7, section 2.3.2
	2.9
	3.5
	19

	5
	#2- O1-1a
	2sym CS/SS in s1+s2, legacy RE mapping, legacy Rx processing for PDCCH DMRS REs and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 7, section 2.3.2
	2.9
	3.8
	33

	6
	#2- O1-1b
	2sym CS/SS in s1+s2, legacy RE mapping, Rx only uses for PDCCH DMRS REs in s2 and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 7, section 2.3.2
	2.9
	3.5
	19

	7
	#2- O1-2
	2sym CS/SS in s1+s2, new PDCCH/PDCCH DMRS RE mapping (no PDCCH DMRS on the symbol with LTE CRS), Rx only uses for PDCCH DMRS REs in s2 and legacy CE, Rx assumes PDCCH REs punctured/nulled.
More details in Observation 7, section 2.3.2
	2.9
	3.6
	25

	8
	#2- O2b
	2sym CS/SS in s1+s2, legacy RE mapping, Rx assumes PDCCH REs and PDCCH DMRS REs are punctured/nulled.
More details in Observation 7, section 2.3.2
	2.9
	4.0
	38

	Notes:
1. 1sym NR PDCCH in s2 used as baseline with s0, s1 reserved for LTE PDCCH and remaining 11 symbols for data.
2. Details such as coexistence assumptions and fraction of UEs that can support the Rel18 enhancement are provided in the corresponding Observation 7 mentioned in the description. CS/SS implies CORESET/Search space



Table 2.3.0-3. Summary of PDCCH capacity evaluations (Scenario #3A)
	 
	Evaluated case
	Description 2
	PDCCH capacity
(Avg. #DCIs per slot)

	
	
	
	Baseline1
	R18 enh.
	Gain (%)

	9
	#3A-1s-O2 
	1sym CS/SS in s1, legacy RE mapping, legacy Rx processing for PDCCH REs, PDCCH DMRS REs and legacy CE.
More details in Observation 8, section 2.3.3
	5.8
	7.1
	24

	10
	#3A-1s-O2a
	1sym CS/SS in s1, legacy RE mapping, legacy Rx processing for PDCCH DMRS REs and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 8, section 2.3.3
	5.8
	7.8
	34

	11
	#3A-1s-O2b
	1sym CS/SS in s1, legacy RE mapping, PDCCH REs and PDCCH DMRS REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 8, section 2.3.3
	5.8
	8.0
	39

	12
	#3A-2s- O2
	2sym CS/SS in s1+s2, legacy RE mapping, legacy Rx processing for PDCCH REs, PDCCH DMRS REs and legacy CE.
More details in Observation 8, section 2.3.3
	5.8
	6.64
	15

	13
	#3A-2s- O1-1a
	2sym CS/SS in s1+s2, legacy RE mapping, legacy Rx processing for PDCCH DMRS REs and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 8, section 2.3.3
	5.8
	7.21
	24

	14
	#3A-2s- O1-1b
	2sym CS/SS in s1+s2, legacy RE mapping, Rx only uses for PDCCH DMRS REs in s2 and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 8, section 2.3.3
	5.8
	6.63
	14

	15
	#3A-2s- O1-2
	2sym CS/SS in s1+s2, new PDCCH/PDCCH DMRS RE mapping (no PDCCH DMRS on the symbol with LTE CRS), Rx only uses for PDCCH DMRS REs in s2 and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 8, section 2.3.3
	5.8
	6.87
	19

	16
	#3A-2s- O2b
	2sym CS/SS in s1+s2, legacy RE mapping, PDCCH REs and PDCCH DMRS REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 8, section 2.3.3
	5.8
	7.45
	29

	Notes:
1. 2symbols of NR PDCCH in s2, s3 used as baseline with s0, s1 reserved for LTE PDCCH and remaining 10 symbols for data.
2. Details such as coexistence assumptions and fraction of UEs that can support the Rel18 enhancement are provided in the corresponding observation mentioned in the description. CS/SS implies CORESET/Search space



Table 2.3.0-4. Summary of PDCCH capacity evaluations (Scenario #3)
	 
	Evaluated case
	Description2
	PDCCH capacity
(Avg. #DCIs per slot)

	
	
	
	Baseline1
	R18 enh.
	Gain (%)

	17
	#3-3s- O2
	3sym CS/SS in s1+s2+s3, legacy RE mapping, legacy Rx processing for PDCCH REs, PDCCH DMRS REs and legacy CE.
More details in Observation 9, section 2.3.4
	5.8
	6.51
	11.7

	18
	#3-3s- O1-1a
	3sym CS/SS in s1+s2+s3, legacy RE mapping, legacy Rx processing for PDCCH DMRS REs and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 9, section 2.3.4
	5.8
	6.972
	19.64

	19
	#3-3s- O1-1b
	3sym CS/SS in s1+s2+s3, legacy RE mapping, Rx only uses for PDCCH DMRS REs in s2 and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 9, section 2.3.4
	5.8
	6.672
	14.48

	20
	#3-3s- O1-2
	3sym CS/SS in s1+s2+s3, new PDCCH/PDCCH DMRS RE mapping (no PDCCH DMRS on the symbol with LTE CRS), Rx only uses for PDCCH DMRS REs in s2 and legacy CE, PDCCH REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 9, section 2.3.4
	5.8
	6.835
	17.28

	21
	#3-3s- O2b
	3sym CS/SS in s1+s2+s3, legacy RE mapping, PDCCH REs and PDCCH DMRS REs overlapping with CRS punctured/nulled by Rx.
More details in Observation 9, section 2.3.4
	5.8
	7.105
	21.92

	Notes:
1. 2 symbols of NR PDCCH in s2, s3 used as baseline with s0, s1 reserved for LTE PDCCH and remaining 10 symbols for data.
2. Details such as coexistence assumptions and fraction of UEs that can support the Rel18 enhancement are provided in the corresponding observation mentioned in the description. CS/SS implies CORESET/Search space
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