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[bookmark: _Hlk131423587]In RAN1#112bis meeting [1], the following agreements were achieved on UE features for eDSS:
	Agreement
· Regarding component 1 of FG 52-1,
· Component 1 of FG 52-1 is revised to “Reception of NR PDCCH candidates in REs that overlap with LTE CRS when UE is provided with LTE CRS RM pattern(s) by configuration of one CRS rate matching pattern or multiple non-overlapping CRS rate matching patterns”.
· FFS whether to separate the capability to support 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

Agreement:
· Introduce following FGs
	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
	
	





The yellow parts of above FGs are controversial and need further discussion. In this contribution, we provide our views on the controversial part of UE features for eDSS.
Discussion
[bookmark: _Hlk118291785][bookmark: _Hlk118291361]NR PDCCH reception
In RAN1#112bis e-meeting, the PDCCH reception on REs that overlap with one LTE CRS pattern (FG 52-1) and multiple non-overlapping LTE CRS patterns (FG 52-1a) were agreed. However, other remaining issues, e.g., whether to define feature for different channel estimation (CE) methods, applied search space (SS) type, etc., were discussed without any consensus. In this case, we continue our discussion on the controversial issues and provide our views in the following sections.
· Whether to introduce UE capability for supported CE methods
In RAN1#110 meeting [2], two channel estimation methods, i.e., legacy UE and clean symbol-based CE were agreed as follows:
	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.


If legacy CE is adopted, UE will perform the channel estimation with legacy DMRS pattern. On the contrary, if clean symbol-based CE is adopted, only DMRSs received on the symbol without LTE CRS are used for channel estimation. Considering that the PDCCH performance is different with different CE methods, it is beneficial for the gNB to be aware of the CE method at UE side. From this perspective, the feature for supported CE methods should be supported. Accordingly, gNB can be aware of the supported CE method via UE capability reporting. Therefore, gNB can configure proper parameters (e.g., AL) to satisfy different situations corresponding to different CE methods at UE side. 
Proposal 1: Introduce UE features for supported CE methods, i.e., legacy CE or clean symbol-based CE.
· [bookmark: _Hlk130475188]Whether to support reception of PDCCH candidates that overlap with LTE CRS REs in CSS?
In RAN1#112bis e-meeting, whether supporting PDCCH reception overlapping with LTE CRS in Type-1 CSS with dedicated RRC configuration and Type-3 CSS were discussed without consensus. Actually, even with dedicated RRC configuration, Type-1 CSS is common to UEs belong to the same serving cell [3]. Compatibility between legacy UEs and eDSS UEs may be an issue if the cell-specific PDCCH parameters are configured. For instance, if any RE of a CORESET in Type-1 CSS overlaps with LTE CRS, only eDSS UE supporting FG52-1 is able to receive the PDCCH in the CSS. Meanwhile, the PDCCH reception is impossible for legacy UE.  The system performance is degraded as only parts of the UEs in the serving cell can obtain the broadcast information. To solve the compatibility problem, the gNB may need to align the corresponding parameters of legacy UEs and eDSS UEs separately. Unfortunately, that may reduce the flexibility for gNB scheduling. Besides, considering that the CSS is mainly for fundamental procedures, e.g., RAR, SFI, interference from LTE CRS to NR PDCCH transmission should be avoided. 
Proposal 2: The reception of PDCCH candidates overlapping with LTE CRS REs is only supported in USS.
· Whether to support reception of PDCCH candidates with two LTE-CRS overlapping rate matching patterns?
According to the previous discussion in RAN1#112bis e-meeting, the main concern for supporting reception of PDCCH candidates with two LTE-CRS overlapping rate matching patterns is that whether required PDCCH performance can be achieved. Actually, it may depend on the applied OFDM symbols for PDCCH reception. For instance, if the PDCCH reception overlapping with LTE CRS is only allowed on 2nd symbol (symbol#1), only 4-port LTE CRS can be transmitted on that symbol. In this case, 4 clean REs are left for PDCCH transmission within a RB on Symbol#1, as shown in Figure 1. Unfortunately, if enabling two CRS to overlap with NR PDCCH, the performance of PDCCH may be severely degraded. 
[image: ]
[bookmark: _Ref134451466]Figure 1 Scenario of PDCCH on symbols with two overlapping CRS-RM patterns on Symbol#1
Nevertheless, the situation is different without the restriction of symbol#1. To be specific, on symbols other than symbol#1, the number of occupied REs by two LTE-CRS patterns may be same as that of single LTE CRS pattern. One example is shown in Figure 2. The number of occupied REs with two one-port CRS patterns is same with that of one two-port CRS pattern. More REs are available for PDCCH transmission without significant performance loss. 
[image: ]
[bookmark: _Ref134454385]Figure 2 Scenario of PDCCH on symbols with two overlapping CRS-RM patterns on Symbol#0

Observation 1: On different OFDM symbols, the PDCCH performance with two overlapping CRS patterns may be different.
Proposal 3: If the applied symbols for PDCCH reception overlapping with LTE CRS are not restricted to 2nd OFDM symbol, the reception with two overlapping LTE CRS patterns can be supported.
· Whether to define parameters of LTE CRS pattern (list) overlapping with NR PDCCH?
According to the FGs introduced in RAN1#112bis meeting, whether to restrict the parameter of LTE CRS pattern overlapping with NR PDCCH into lte-CRS-ToMatchAround in FG52-1, and lte-CRS-PatternList1-r16 in FG52-1a is still FFS. However, the motivation is not clear to us. The feature for UE capability is mainly for distinguishing the number of support LTE CRS patterns (list), not the configured parameters. Taking FG52-1 as an example, once the UE reports that only one LTE CRS pattern is supported for PDCCH reception, whether the LTE CRS pattern is configured by lte-CRS-ToMatchAround or lte-CRS-PatternList1-r16 makes no difference.
Proposal 4: No need to define the parameters of LTE CRS pattern (list) (e.g., lte-CRS-ToMatchAround) for NR PDCCH reception.


Conclusions
In this contribution, we provide the UE feature solutions for on eDSS. The following proposals are made based on our analysis:
Observation 1: On different OFDM symbols, the PDCCH performance with two overlapping CRS patterns may be different.
Proposal 1: Introduce UE features for supported CE methods, i.e., legacy CE or clean symbol-based CE.
Proposal 2: The reception of PDCCH candidates overlapping with LTE CRS REs is only supported in USS.
Proposal 3: If the applied symbols for PDCCH reception overlapping with LTE CRS are not restricted to 2nd OFDM symbol, the reception with two overlapping LTE CRS patterns can be supported.
Proposal 4: No need to define the parameters of LTE CRS pattern (list) (e.g., lte-CRS-ToMatchAround) for NR PDCCH reception.
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