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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 Remaining issues for PDCCH monitoring in overlapping with CRS
Quite some remaining issues relate to the “clean symbol”, which shows up in the following RAN1 #110 agreement but has not been clearly defined in RAN1 even for discussion purpose: 
	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.


According to the above RAN1 #110 agreement, the “clean symbol” is determined in respect to the overlapping between CRS RE and PDCCH DMRS RE instead of PDCCH RE. Further, this terminology may have different PDCCH applicability between precoderGranularity= sameAsREG-bundle and precoderGranularity= allContiguousRBs. 
· If precoderGranularity= sameAsREG-bundle, “clean symbol” is defined for a PDCCH candidate and refers to an OFDM symbol in which there is no overlapping between a LTE CRS RE and a PDCCH DMRS RE in any REG-bundle of the PDCCH candidate.
· If precoderGranularity= allContiguousRBs, “clean symbol” is defined for a PDCCH CORESET and refers to an OFDM symbol in which there is no overlapping between a LTE CRS RE and a PDCCH DMRS RE across the PDCCH CORESET.
Proposal 1: RAN1 clarifies the definition of “clean symbol” as following (even if “clean symbol” is just a terminology for discussion purpose). 
· If precoderGranularity= sameAsREG-bundle, “clean symbol” applies to a PDCCH candidate and refers to an OFDM symbol in which there is no overlapping between a LTE CRS RE and a PDCCH DMRS RE in any REG-bundle of the PDCCH candidate.
· If precoderGranularity= allContiguousRBs, “clean symbol” applies to PDCCH CORESET and refers to an OFDM symbol in which there is no overlapping between a LTE CRS RE and a PDCCH DMRS RE across the PDCCH CORESET.
With the above definition of “clean symbol”, we further show our views for the remaining issues, as following.
· Issue #1: Whether to introduce signaling for UE to inform gNB how the channel estimation is done (somehow equivalent to UE capability indication on channel estimation)?
Even though the RAN1 #110 agreement is stated for legacy channel estimation and clean-symbol-only channel estimation, the specification should avoid restricting UE implementation to just these two kinds of channel estimation methods. That means the way to differentiate channel estimation should not get involved into specification, at least for UE functionality behavior. Given the legacy channel estimation and clean-symbol-only channel estimation are differentiated by the requirement of clean symbol, there can be two options to decouple channel estimation methods from specification: 
· Option 1: “clean symbol” is not taken as a condition to differentiate channel estimation methods, but a requirement for general PDCCH reception. In other words, regardless how UE performs PDCCH reception including channel estimation, existence of at least one clean symbol (when transmitted at gNB side) is required for UE to complete PDCCH reception in case PDCCH and CRS overlap.  
· Option 2: “clean symbol” is not taken as a condition to differentiate channel estimation methods, but a UE capability component for PDCCH reception.  With Option-2, the “clean symbol” may still need to show up in UE behavior specification, depending on the decision of Issue #5.  
Proposal 2: RAN1 considers the following options to avoid specifying channel estimation aspects in UE functionality behavior.
· Opt-1:  Regardless how UE performs PDCCH reception including channel estimation, at least one clean symbol is required for UE to complete PDCCH reception. 
· Opt-2: “Whether to require at least one clean symbol” is a UE capability component. 
· Issue #2: whether to introduce signaling to enable UE reception of PDCCH overlapping with CRS (if supported by UE). 
The “enabling” signaling, no matter whether the signaling is L1, L2 or L3, needs a PDCCH to reach the UE under a “feature-disabled” condition. Accordingly, before the “enabling” signal takes effect, the gNB needs to keep R18-DSS-capable UE being configured with PDCCH resources that meet Rel-17 detection condition (i.e., all PDCCH symbols are clean). Then a reconfiguration of PDCCH resource that has symbol overlapping with CRS somehow becomes an implicit “enabling” indication to R18-DSS-capable UE for it to perform what it reports as capability on PDCCH monitoring. Therefore, we do not see a strong need to design an explicit “enabling” mechanism for PDCCH reception in overlapping with CRS. 
Proposal 3: Do not introduce “enable” signaling to enable UE reception of PDCCH overlapping with CRS.
In another way around, if “enable” signaling should be specified, it remains a question whether one “enable” signaling takes effect across all PDCCH resource configurations or just for one specific PDCCH CORESET/search-space configuration.   
· Issue #3: Whether the support of PDCCH monitoring in overlapping with CRS is subject to only one CRS pattern list or up to two CRS pattern lists? 
The motivation for limiting to one CRS pattern list is the performance concern for the two CRS pattern lists that may cause more RE-overlapping between PDCCH DMRS and CRS comparing to one CRS pattern list. However, this performance concern does not justify the additional functionality restriction, because the gNB can have full control to avoid configuring UE with a PDCCH resource with the PDCCH DMRS overlapping with two CRS pattern lists if gNB judges doing that would lead to unacceptable PDCCH performance. On the other hand, if the limitation of one CRS pattern list applies, such limitation may generally lead to the following two consequences: 
· The number of CRS pattern lists for PDSCH is limited to one; or 
· The number of CRS pattern lists for PDSCH can be two, but only one pattern list between the two can be used for determination of overlapping between CRS and PDCCH DMRS
Nevertheless, the second consequence should not be a consideration case at this stage, since it is a new improvement functionality that should not be taken in maintenance phase. 
Proposal 4: The support of PDCCH monitoring in overlapping with CRS is subject to up to two CRS pattern lists.
Meanwhile, it is also a feasible choice to handle Issue #3 as an UE capability issue, as noted in RAN1 #110 agreement.  

· Issue #4: How to determine the “clean symbol” (e.g., whether crs-RateMatch-PerCoresetPoolIndex is involved in determination)?
In our view, even if crs-RateMatch-PerCoresetPoolIndex is involved in determination of “clean symbol”,   whether it is configured as “enabled” or not does not make much difference to the “clean symbol” determination, especially when the two CRS PatternLists have the same number of CRS ports. To have clean symbol dependency upon crs-RateMatch-PerCoresetPoolIndex may result in certain improvements for certain CRS setup cases, but the enhancement is not universal and therefore should not be the focus in maintenance phase. Meanwhile, such clean symbol dependency may make the specification more complicated, e.g., for the solution of Issue #5. 
Proposal 5: The determination of “clean symbol” is independent from crs-RateMatch-PerCoresetPoolIndex.
· Issue #5: Restrictions on either UE behavior or gNB configuration due to UE’s potential inability of PDCCH reception in absence of clean symbol, respectively for precoderGranularity being selected between sameAsREG-bundle and allContiguousRBs.
There are two restrictions in the current 38.213, relating to PDCCH reception in overlapping with CRS: 
	Restriction text 1: 
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.
Restriction text 2: 
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	……
-	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.


It can be that the first restriction is from UE behavior perspective and corresponding to one PDCCH candidate monitoring, while the second one is from gNB configuration perspective and applicable to a full CORESET. We believe it is more appropriate to discuss how to implement the specification TP for the relief of above two restrictions, rather than to discuss the relaxations of PDCCH DMRS respectively for sameAsREG-bundle and allContiguousRBs. We propose the following TP formulations. 
Proposal 6: RAN1 further works on the following TP formulations, and keeps the existing specification logics on selection between restriction on UE behavior and restriction on gNB configuration. 
	Modified restriction text 1: 
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 all the following conditions are met:
-	[UE reports the corresponding UE capability]; and 
-	[the overlapping between PDCCH DMRS RE and CRS RE is compatible with the UE capability] 
Modified restriction text 2: 
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	……
-	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, if the UE does not report [the corresponding UE capability].  
-	[the overlapping between PDCCH DMRS RE of a CORESET and REs determined from lte-CRS-ToMatchAround or from LTE-CRS-PatternList is not compatible with the UE capability], if the UE reports [the corresponding UE capability].


 
· Issue #7: Restriction on PDCCH-and-CRS overlapping symbol (e.g., not on symbol #0)
We do not see a strong reason coming from UE behavioral protocol to prevent the overlapping symbol from being on symbol #0 or another specific symbol. The overlapping on symbol #0 may result in a worse performance than what is caused by an overlapping on other symbols, but such performance issue can be avoided by gNB implementation. On the other hand, it is also unreasonable to assume UE should have any receiver enhancement for PDCCH+CRS overlapping specifically on symbol #0. 
Proposal 6: The PDCCH+CRS overlapping on symbol #0 is not precluded by specification. RAN1 does not assume any PDCCH reception enhancement specifically for such overlapping on symbol #0. 
1.2 PDSCH reception in overlapping with two CRS patterns
In RAN1 #110bis meeting, the TP for PDSCH reception in overlapping with two CRS patterns was discussed and remained stable. We suggest adopting that stable TP without any further discussion. 
Proposal 8: RAN1 #111 approves the following stable TP from RAN1 #110bis, without repeating the discussion.    
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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, lte-CRS-PatternList3 or lte-CRS-PatternList4 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, lte-CRS-PatternList3 or lte-CRS-PatternList4 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 proposals:
Proposal 1: RAN1 clarifies the definition of “clean symbol” as following (even if “clean symbol” is just a terminology for discussion purpose). 
· If precoderGranularity= sameAsREG-bundle, “clean symbol” applies to a PDCCH candidate and refers to an OFDM symbol in which there is no overlapping between a LTE CRS RE and a PDCCH DMRS RE in any REG-bundle of the PDCCH candidate.
· If precoderGranularity= allContiguousRBs, “clean symbol” applies to PDCCH CORESET and refers to an OFDM symbol in which there is no overlapping between a LTE CRS RE and a PDCCH DMRS RE across the PDCCH CORESET.
Proposal 2: RAN1 considers the following options to avoid specifying channel estimation aspects in UE functionality behavior.
· Opt-1:  Regardless how UE performs PDCCH reception including channel estimation, at least one clean symbol is required for UE to complete PDCCH reception. 
· Opt-2: “Whether to require at least one clean symbol” is a UE capability component. 
Proposal 3: Do not introduce “enable” signaling to enable UE reception of PDCCH overlapping with CRS.
Proposal 4: The support of PDCCH monitoring in overlapping with CRS is subject to up to two CRS pattern lists.
Proposal 5: The determination of “clean symbol” is independent from crs-RateMatch-PerCoresetPoolIndex.
Proposal 6: RAN1 further works on the following TP formulations, and keeps the existing specification logics on selection between restriction on UE behavior and restriction on gNB configuration. 
	Modified restriction text 1: 
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 all the following conditions are met:
-	[UE reports the corresponding UE capability]; and 
-	[the overlapping between PDCCH DMRS RE and CRS RE is compatible with the UE capability] 
Modified restriction text 2: 
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	……
-	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, if the UE does not report [the corresponding UE capability].  
-	[the overlapping between PDCCH DMRS RE of a CORESET and REs determined from lte-CRS-ToMatchAround or from LTE-CRS-PatternList is not compatible with the UE capability], if the UE reports [the corresponding UE capability].


Proposal 7: The PDCCH+CRS overlapping on symbol #0 is not precluded by specification. RAN1 does not assume any PDCCH reception enhancement specifically for such overlapping on symbol #0. 
Proposal 8: RAN1 #111 approves the following stable TP from RAN1 #110bis, without repeating the discussion.    
	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, lte-CRS-PatternList3 or lte-CRS-PatternList4 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, lte-CRS-PatternList3 or lte-CRS-PatternList4 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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