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Introduction
RAN1 #110 completed all necessary agreements for the support of 
· PDCCH monitoring in the overlapping with LTE CRS;
· PDSCH reception in the overlapping with two LTE CRS patterns in the non-multi-TRP case.
This contribution further discusses the RAN1 specification TPs that are needed but not yet agreed so far.  
Discussion
1.1 TP’s for PDCCH monitoring in overlapping with CRS
RAN1 #110 made the following agreements for the PDCCH monitoring. 
	Agreement
If the feature “Reception of NR PDCCH candidates that overlap with LTE CRS REs “is supported, 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.
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.
Conclusion
RAN1 understands above agreements applies to 15kHz SCS only.


The above agreements have at least two spirits: 
· A UE fulfilling this Rel-18 enhancement feature can assume that “PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15”;
· The enhancement from RAN1 perspective, if any, is upon channel estimation, which however is out of scope of RAN1 specification contents. 
Consequently, the RAN1 specification impacts due to the RAN1 #110 agreements is to lift the restrictions in the current TS 38.211 and TS38.213, as shown below, which 
· allows UE not monitoring a PDCCH candidate if the PDCCH candidate has any RE-overlapping with LTE CRS.  
· disallows gNB to configure a CORESET with any RE-overlapping with LTE CRS, under setting of precoderGranularity = allContiguousRBs. 
	Current TS 38.211 text:
[bookmark: _Toc106014825][bookmark: _Toc51774134][bookmark: _Toc45107465][bookmark: _Toc36026626][bookmark: _Toc29230367][bookmark: _Toc26459717][bookmark: _Toc19796491]7.3.2.2	Control-resource set (CORESET)
……
For a CORESET configured by the ControlResourceSet IE: 
……
-	for both interleaved and non-interleaved mapping, the UE may assume 
-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle; 
[bookmark: _Hlk498503446]-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, if the higher-layer parameter precoderGranularity equals allContiguousRBs.
……



	Current TS 38.213 text: 
10.1	UE procedure for determining physical downlink control channel assignment
……
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.
……
When precoderGranularity = allContiguousRBs, a UE does not expect 
· to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.
……


The highlighted text in 38.211 somehow repeats what 38.213 says and therefore is redundant. So we focus on how to make spec changes in 38.213. One option is to remove the above-underlined restriction texts completely from 38.213, which means every Rel-18 UE should support monitoring PDCCH with RE overlapping with LTE CRS, without any UE capability differentiation. Another option is to keep those restrictions but to make them conditional, e.g., depending on UE capability reporting, in order to keep the restriction footprints at least for legacy UE as well as the Rel-18 UE potentially not capable of this Rel-18 enhancement. 
Observation 1: How to complete the specification TP (if necessary) for PDCCH monitoring in overlapping with LTE-CRS may depend on whether there is a corresponding UE capability. 
Proposal 1: RAN1 decides whether to introduce UE capability for monitoring PDCCH in overlapping with LTE-CRS.
· If yes, adopt the 38.213 TP Option-1 as below, and leave UE capability details to UE feature session.
· If no, adopt the 38.213 TP Option-2 as below. 
	Option-1: 
10.1	UE procedure for determining physical downlink control channel assignment
……
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate unless the UE indicates [corresponding capability].
……
When precoderGranularity = allContiguousRBs, a UE does not expect 
· to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, unless the UE indicates [corresponding capability]
……



	Option-2: 
10.1	UE procedure for determining physical downlink control channel assignment
……
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.
……
When precoderGranularity = allContiguousRBs, a UE does not expect 
· to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.
……


Proposal 2: Remove redundant restriction description from 38.211.
	7.3.2.2	Control-resource set (CORESET)
……
For a CORESET configured by the ControlResourceSet IE: 
……
-	for both interleaved and non-interleaved mapping, the UE may assume 
-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle; 
-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, if the higher-layer parameter precoderGranularity equals allContiguousRBs.
……


1.2 TP’s for PDSCH reception in overlapping with two CRS patterns
In RAN1 #110 meeting, the most parts of two overlapping CRS rate matching patterns for PDSCH are completed, including the TP for TS38.214. However, the LTE CRS pattern lists in the following 38.211 text should also be extended to include at least lte-CRS-PatternList3. It may not be necessary in certain cases to include lte-CRS-PatternList4, because the adding of lte-CRS-PatternList4 needs the adding of lte-CRS-PatternList3 as a pre-requisite. 
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……
For PDSCH mapping type A
……
-	single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, or lte-CRS-PatternList3 is configured; and
-	the higher-layer parameter dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 
For PDSCH mapping type B
……
-	if the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, or lte-CRS-PatternList3 is configured, the PDSCH duration  symbols for normal cyclic prefix, the subcarrier spacing configuration , single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the PDSCH allocation collides with a symbol containing resource elements as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, lte-CRS-PatternList3,  or lte-CRS-PatternList4, then  shall be incremented by one in all slots.
……



Proposal 3: Adopt the following TP for TS38.211. 
	7.4.1.1.2	Mapping to physical resources
……
For PDSCH mapping type A
……
-	single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, or lte-CRS-PatternList3 is configured; and
-	the higher-layer parameter dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 
For PDSCH mapping type B
……
-	if the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, or lte-CRS-PatternList3 is configured, the PDSCH duration  symbols for normal cyclic prefix, the subcarrier spacing configuration , single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the PDSCH allocation collides with a symbol containing resource elements as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, lte-CRS-PatternList3,  or lte-CRS-PatternList4, then  shall be incremented by one in all slots.
……


1. 
2. 
Conclusion
This contribution provides the following observation and proposals:
Observation 1: How to complete the specification TP (if necessary) for PDCCH monitoring in overlapping with LTE-CRS may depend on whether there is a corresponding UE capability. 
Proposal 1: RAN1 decides whether to introduce UE capability for monitoring PDCCH in overlapping with LTE-CRS.
· If yes, adopt the 38.213 TP Option-1 as below, and leave UE capability details to UE feature session.
· If no, adopt the 38.213 TP Option-2 as below. 
	Option-1: 
10.1	UE procedure for determining physical downlink control channel assignment
……
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate unless the UE indicates [corresponding capability].
……
When precoderGranularity = allContiguousRBs, a UE does not expect 
· to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, unless the UE indicates [corresponding capability]
……



	Option-2: 
10.1	UE procedure for determining physical downlink control channel assignment
……
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.
……
When precoderGranularity = allContiguousRBs, a UE does not expect 
· to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
· any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.
……


Proposal 2: Remove redundant restriction description from 38.211.
	7.3.2.2	Control-resource set (CORESET)
……
For a CORESET configured by the ControlResourceSet IE: 
……
-	for both interleaved and non-interleaved mapping, the UE may assume 
-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle; 
-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, if the higher-layer parameter precoderGranularity equals allContiguousRBs.
……



Proposal 3: Adopt the following TP for TS38.211. 
	7.4.1.1.2	Mapping to physical resources
……
For PDSCH mapping type A
……
-	single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, or lte-CRS-PatternList3 is configured; and
-	the higher-layer parameter dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 
For PDSCH mapping type B
……
-	if the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, or lte-CRS-PatternList3 is configured, the PDSCH duration  symbols for normal cyclic prefix, the subcarrier spacing configuration , single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the PDSCH allocation collides with a symbol containing resource elements as indicated by the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2, lte-CRS-PatternList3,  or lte-CRS-PatternList4, then  shall be incremented by one in all slots.
……
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