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Introduction
This contribution elaborates our views on UE features for Rel-18 eDSS.
Discussion
1.1 UE features supporting PDCCH monitoring in overlapping with CRS
First of all, it is already agreed in RAN1 #110 that the Rel-18 support of PDCCH monitoring in overlapping with LTE CRS is dependent on UE capability and is applicable for SCS=15kHz only. Further, according to the current TS38.822, the most of UE features relating to NR behaviors in presence of LTE CRS and relating to Rel-16 DSS are “optional with UE capability signaling”. Therefore, the following proposals look straightforward. 
Proposal 1: A new FG is defined for Rel-18 support of PDCCH monitoring in overlapping with LTE CRS. 
· The new FG is optional with UE capability signaling. 
· The new FG is for FR1 only, with a note to further clarify as being applicable to 15kHz SCS only. 
· The new FG does not differentiate between FDD and FDD.
Although the new FG can have FG3-1 (Basic DL control channel) as a prerequisite FG, which includes capability for precoderGranularity=sameAsREG-bundle, it may or may not require FG3-7 (Precoder-granularity of CORESET size) as a prerequisite which targets the capability on precoderGranularity=allContiguousRBs. The different prerequisites may drive two separate instances of new FG in Proposal 1. 
As for the FG components inside the above new FG, one of the key components should be able to differentiate whether the “clean symbol” is to be identified and used in the PDCCH reception, especially the channel estimation based on PDCCH DMRS. The RAN1 agreement in the WI phase mentions two types of channel estimation: 
	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.


 Our understanding for the above agreement includes: 
· The legacy CE assumption does not need to identify “clean symbol”, while the clean-symbol-dependent CE does. 
· From viewpoints of UE implementation and specification, the legacy CE and the clean-symbol-dependent CE are not mutually exclusive to each other, i.e., UE hardware is not prevented from supporting both.
· Theoretically the legacy CE and the clean-symbol-dependent CE are just two typical implementation examples for channel estimation. The specification should not assume there can be only these two implementation possibilities. Meanwhile, there is no standardized rule to tell whether a PDCCH reception step, e.g., channel phase adjustment/compensation due to suspicious DMRS RE, should be classified as a step inside channel estimation or not. It is also pointless for the specification to try to enumerate all the potential ways for UE to perform channel estimation. 
The above reasoning leads to a logic that the FG components should not be made CE-specific, but should translate the “clean symbol” requirement to a general condition for PDCCH reception. In summary, we have the following proposal. 
Proposal 2: The new FG in Proposal 1 has two FG instances in the UE feature list:
· The 1st FG instance has FG3-1 as prerequisite FG, and contains following FG components. 
· Support of reception of a PDCCH candidate having a DMRS RE overlapping with LTE CRS RE, with assumption by UE that the RE overlapping between the PDCCH candidate and LTE CRS did not occur.
· Support of reception of a PDCCH candidate having a DMRS RE overlapping with LTE CRS RE, by requiring the existence of at least one OFDM symbol, in which at least one PDCCH DMRS RE associated with the PDCCH candidate presents but none of them overlaps with any configured LTE CRS RE.
· The 2nd FG instance has FG3-1 and FG3-7 as prerequisite FGs, and contains following FG components.  
· Support of reception of PDCCH in a CORESET that has a DMRS RE overlapping with LTE CRS RE, with assumption by UE that the RE overlapping between the CORESET RE and LTE CRS RE did not occur.
· Support of reception of PDCCH in a CORESET that has a DMRS RE overlapping with LTE CRS RE, by requiring the existence of at least one OFDM symbol, in which at least one PDCCH DMRS RE associated with the CORESET presents but none of them overlaps with any configured LTE CRS RE.
The UE feature Table-1 in Appendix reflects the Proposal 1 and Proposal 2. 
1.2 UE features supporting PDSCH reception in overlapping with two CRS patterns
Our understanding to the Rel-18 eDSS support of two CRS patterns for PDSCH reception includes:
· The functionalities that can be done with CRS patterns {list1, list2} are also supported by CRS patterns {list3, list4}. As far as these functionalities are concerned, {list1, list2} and {list3, list4} are inter-changeable. So it is reasonable to create a new Rel-18 FG by cloning existing FG14-1a that was designed for {list1, list2}. 
· Besides what can be commonly supported by {list1,list2} and {list3,list4}, {list3, list4} can additionally support the PDSCH rate matching around LTE CRS for the non-multi-TRP case, i.e., when “UE is not configured with two different values of coresetPoolIndex in ControlResourceSet”. Therefore, even though there is already a FG16-2a-5 for “Separate CRS rate matching” based on CORESETPoolIndex, this FG16-2a-5 cannot be directly used given it is intended for multi-TRP only due to its prerequisite relation to FG16-2a. Then the design choice for new FG is to copy the FG component-1 of FG16-2a-5 into the new Rel-18 FG. 

Proposal 3: The Rel-18 UE feature for supporting PDSCH reception in overlapping with two CRS patterns is cloned from existing FG14-1a, with one more component copied from component-1 in existing FG16-2a-5. 

The UE feature Table-2 in Appendix reflects the Proposal 1 and Proposal 2. 
1. 
2. 
Conclusion
This contribution concludes with following proposals:
Proposal 1: A new FG is defined for Rel-18 support of PDCCH monitoring in overlapping with LTE CRS. 
· The new FG is optional with UE capability signaling. 
· The new FG is for FR1 only, with a note to further clarify as being applicable to 15kHz SCS only. 
· The new FG does not differentiate between FDD and FDD.

Proposal 2: The new FG in Proposal 1 has two FG instances in the UE feature list:
· The 1st FG instance has FG3-1 as prerequisite FG, and contains following FG components. 
· Support of reception of a PDCCH candidate having a DMRS RE overlapping with LTE CRS RE, with assumption by UE that the RE overlapping between the PDCCH candidate and LTE CRS did not occur.
· Support of reception of a PDCCH candidate having a DMRS RE overlapping with LTE CRS RE, by requiring the existence of at least one OFDM symbol, in which at least one PDCCH DMRS RE associated with the PDCCH candidate presents but none of them overlaps with any configured LTE CRS RE.
· The 2nd FG instance has FG3-1 and FG3-7 as prerequisite FGs, and contains following FG components.  
· Support of reception of PDCCH in a CORESET that has a DMRS RE overlapping with LTE CRS RE, with assumption by UE that the RE overlapping between the CORESET RE and LTE CRS RE did not occur.
· Support of reception of PDCCH in a CORESET that has a DMRS RE overlapping with LTE CRS RE, by requiring the existence of at least one OFDM symbol, in which at least one PDCCH DMRS RE associated with the CORESET presents but none of them overlaps with any configured LTE CRS RE.

Proposal 3: The Rel-18 UE feature for supporting PDSCH reception in overlapping with two CRS patterns is cloned from existing FG14-1a, with one more component copied from component-1 in existing FG16-2a-5. 

The detailed UE feature tables based on above proposals are summarized in Appendix. 
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Appendix
Table 1 Proposed UE features for reception of PDCCH in overlapping with LTE CRS
	Feature group
	Components
	Prerequisite feature groups
	Need of FDD / TDD differentiation
	Need of FR1 / FR2 differentiation
	Note
	Mandatory / Optional

	[PDCCH_CRS_FG1]
	1. Support of reception of a PDCCH candidate having a DMRS RE overlapping with LTE CRS RE, with assumption by UE that the RE overlapping between the PDCCH candidate and LTE CRS did not occur.
2. Support of reception of a PDCCH candidate having a DMRS RE overlapping with LTE CRS RE, by requiring the existence of at least one OFDM symbol, in which at least one PDCCH DMRS RE associated with the PDCCH candidate presents but none of them overlaps with any configured LTE CRS RE.
	3-1
	No
	FR1 only
	For DSS

Apply to SCS=15kHz only
	Optional with capability signalling

	[PDCCH_CRS_FG2]
	1. Support of reception of PDCCH in a CORESET that has a DMRS RE overlapping with LTE CRS RE, with assumption by UE that the RE overlapping between the CORESET RE and LTE CRS RE did not occur.
2. Support of reception of PDCCH in a CORESET that has a DMRS RE overlapping with LTE CRS RE, by requiring the existence of at least one OFDM symbol, in which at least one PDCCH DMRS RE associated with the CORESET presents but none of them overlaps with any configured LTE CRS RE.
	3-1, 3-7
	No
	FR1 only
	For DSS

Apply to SCS=15kHz only
	Optional with capability signalling



Table 2 Proposed UE features for reception of PDSCH in overlapping with two LTE CRS patterns
	Feature group
	Components
	Prerequisite feature groups
	Need of FDD / TDD differentiation
	Need of FR1 / FR2 differentiation
	Note
	Mandatory / Optional

	[PDSCH_CRS_FG1]
	1. Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier.
2. Whether the UE can rate match around configured CRS patterns which is associated with CORESETPoolIndex (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex.
	14-1
	No
	FR1 only
	For DSS
 
The number of the additional CRS rate matching patterns reported in Rel-16 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.
Apply to SCS=15kHz only
	Optional with capability signalling



