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1 Discussion
This contribution considers remaining aspects on UE features for supporting PDCCH receptions in symbols with CRS [1].

2 UE features for eDSS
The following consider the open issues for the FGs and proposed updates are made inline to the Table from [1].

FG 52-1: 
(1) The brackets in “lte-CRS-ToMatchAround” should be removed as other patterns are not supported in FG 5-28.
(2) Value 2: The “for CORESET duration greater than 1 symbol” may be removed (it is redundant, or “in symbols overlapping with LTE CRS” can be added for Value 1). The “Other values FFS” should be removed as only “Value 1” and “Value 2” are supported from the WI. The [ ] in the “Note: For component 2 …” should be removed as the note reflects a RAN1 agreement.  
(3) The statement should be removed as it does not relate to UE operation which would be identical in symbol#0 and in symbol#1 for 4 CRS ports. Also, there is no reason to prohibit the case of 2 CRS ports (overlapping is only in symbol#0) - a separate UE capability is not needed. It is noted that only CRS is “always on”. PCFICH may not exist (e.g. LTE PDCCH region set to 3 symbols by RRC). PHICH may also not exist (e.g. no/minimal LTE PUSCH with PHICH associated with the subframe of NR scheduling) or PHICH may also span symbol#1 and symbol#2. Further, CORESET#0 can only start at symbol#0 or at symbol  and it is not generally possible to avoid overlapping with another CORESET for other search space sets (if different than CORESET#0). In any case, the statement in (3) is irrelevant to UE operation/UE features. 
(4) The statement should be removed as it does not relate to UE operation/UE features. As mentioned above, the PDCCH for scheduling UE-specific PDSCH or PUSCH may actually be received in CORESET#0 (not generally possible to have CORESET#0 in a separate symbol without CRS while also not using symbol#0 - that was also a reason for allowing legacy CE). It is even possible that some PDCCH candidates for different search space set types are same and the UE may not even know the DCI format prior to performing the CRC check after decoding (i.e. all operations for PDCCH reception have no relevance to the search space set type which should be obvious as the only differentiator is the RNTI). 

FG  52-1a:
The [ ] should be removed as multiple non-overlapping CRS patterns are associated lte-CRS-PatternList1-r16.

FG  52-1b:
OK to support FG 52-1b with updates in the description related to applicable search space sets as previously discussed.

FG  52-2a:
OK to support FG 52-2a but it should be dependent to FG 52-1 (e.g. FG 52-1c) instead of FG 52-2 as there is only one CRS rate matching pattern applicable to a PDCCH reception.

FG  52-2/ FG 52-3
Assuming FG 52-2a is supported, FG 52-2 is meaningful if the [ ] for “[(regardless of support or configuration of multi-TRP)]” are removed. Then FG 52-2 appears same as FG 52-3 and would also need dependent FGs of 52-1 (e.g FG 52-1b). As having two CRS matching patterns does not provide meaningful PDCCH capacity gain, it is preferred to not support FG 52-3 and FG 52-2 (i.e. not remove the [ ] for  “[(regardless of support or configuration of multi-TRP)]” or resolve the FFS).
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	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
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