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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Ref16006416]In the last meeting, the following agreements were made for PDCCH reception on CRS symbol. In the contribution, we provide our views on some remaining issues regarding this aspect.
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.
2. Discussion
1. 
2. 
UE capability for CE/PDCCH decoding and RRC configuration of CE
Two options for CE were agreed at the last meeting. In our understanding, the legacy CE is the existing CE mechanism employed by legacy UEs by default, and no additional change/enhancement is expected. In other words, as long as a UE indicates that it supports the reception of NR PDCCH candidates that overlap with LTE CRS REs, it shall at least support legacy CE. Additionally, UEs could report to the network the support of CE based on clean symbols. 
[bookmark: _Ref115427034]Observation 1. Legacy CE is supported by R18 DSS UE by default without additional enhancements. 
[bookmark: _Ref115427037]Proposal 1. Introduce UE capabilities to indicate the supported CE mechanisms (e.g., support CE based on clean symbol and legacy CE, support legacy CE only). 

At the last meeting, it was discussed whether an RRC indication should be introduced to explicitly indicate which CE option to use. If no RRC indication is introduced, it means that it is fully up to UE implementation to choose the CE option, which means gNB shall guarantee PDCCH decoding performance to meet the requirements in the worst case. According to the previous simulation results, the PDCCH performance of the different receivers is heavily dependent on the PDCCH decoding and CE options. When the PSD ratio of CRS and PDCCH is 1:1, the PDCCH performance of legacy receivers (i.e., legacy PDCCH decoding+legacy CE) deteriorates significantly compared with R17, and brings unacceptable performance losses especially when the AL is small, while receivers capable of PDCCH puncturing and CE based on clean symbol can achieve an attractive gain in most cases. If UE performs PDCCH puncturing but performs legacy CE, the PDCCH performance is worse than the case with PDCCH puncturing and advanced CE, but it still outperforms the legacy receiver. Given that the UE is not aware of the deployment/scheduling information (e.g., PSD ratio, intended PDCCH AL) before PDCCH reception, it would be difficult for the UE to select a suitable CE mechanism, RRC configuration should be introduced to indicate whether CE should be used by the UE.
Moreover, if the RRC indication is introduced, UE is not expected to be indicated with 'clean symbol based CE' by the gNB for a single symbol CORESET overlapped with a CRS symbol.
[bookmark: _Ref115427038]Proposal 2. Introduce a RRC indicator to inform UE which CE option to use. 
[bookmark: _Ref115427040]Proposal 3. For 1-symbol CORESET overlapped with CRS, UE is not expected to be indicated to perform 'clean symbol based CE' by the RRC indicator. 

CORESET for PDCCH reception on CRS symbol
One issue that needs to be discussed is whether this R18 DSS feature can be used for any CORESETs. Common CORESETs are shared by idle/inactive UEs and connected R18 UEs, and should not overlap with CRS symbols. Otherwise, there would be a negative impact on the PDCCH reception performance of idle UEs.
[bookmark: _Ref115427041]Proposal 4. Reception of NR PDCCH candidates that overlap with LTE CRS REs is not supported for common CORESET that is configured at least for idle/inactive UE.

Clarification on UE behavior when two CRS lists are configured
In R17, if a PDCCH candidate is overlapped with the CRS pattern indicated by either lte-CRS-ToMatchAround (included in ServingCellConfigCommon or ServingCellConfig) or lte-CRS-PatternList1/lte-CRS-PatternList2 (included in ServingCellConfig), UE is not expected to monitor the PDCCH candidate. Moreover, CORESET with precoderGranularity = allContiguousRBs should not be overlapped with CRS pattern indicated by lte-CRS-ToMatchAround or lte-CRS-PatternList1/lte-CRS-PatternList2.
	TS 38.213 h.3.0
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.
==omitted==
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.


In R18 DSS, the UE may be configured to receive the PDCCH overlapping with one CRS pattern list, and at the same time may also be configured to receive PDSCH overlapping with two CRS pattern lists. If two CRS pattern lists are configured and both lists are configured with 4 CRS ports, there can be up to 8 CRS REs on one RB of PDCCH symbol overlapping with CRS, in which case UE can hardly decode any PDCCH properly. Therefore,  receiving a PDCCH overlapping with two CRS pattern lists is not supported in R18 DSS, which was the common understanding during the WID discussion. Nevertheless, when two CRS pattern lists are configured, it is still not clear whether a UE is required to receive a PDCCH overlapping with only one CRS pattern list, or not (i.e., the two features cannot be enabled simultaneously). Further, even if the UE is required to receive the PDCCH, it is not clear whether that PDCCH is expected to overlap with lte-CRS-PatternList1 only, lte-CRS-PatternList2 only, lte-CRS-PatternList3 only, lte-CRS-PatternList4 only or any one of them.  
To address the aforementioned issue, there are three options.
· Option1. The combination of feature ‘PDCCH reception on CRS symbol’ and ‘two CRS pattern lists’ is not supported. For example, if UE is required to monitor PDCCH candidates in a CORESET overlapping with CRS, it is not expected to be configured with two CRS pattern lists.
· Option2. When UE is required to monitor PDCCH candidates in a CORESET overlapping with CRS, the PDCCH candidates are expected to be overlapped with lte-CRS-PatternList1 only or lte-CRS-PatternList3 only.
· Option3. If lte-CRS-PatternList1/2 or lte-CRS-PatternList3/4 are configured, only one of the CRS pattern lists is expected to be overlapped with NR PDCCH if UE is required to monitor PDCCH candidates in a CORESET overlapping with CRS.
For simplicity, we support option2. 
In R15, CORESET configured with wideband DMRS is not expected to overlap with CRS while CORESET with narrowband DMRS can be partially overlapped with CRS, this principle should be retained in R18 DSS. With the newly introduced CRS pattern list3/4, wideband DMRS CORESET is still not expected to collide with CRS of either CRS pattern list, while narrowband DMRS CORESET can be only overlapped with lte-CRS-PatternList3.
[bookmark: _Ref115427043]Proposal 5. Reception of NR PDCCH candidates that overlap with LTE CRS REs can be supported when the PDCCH candidates are overlapped with only one CRS pattern list (i.e., lte-CRS-PatternList1 or lte-CRS-PatternList3). 
[bookmark: _Ref115427045]Proposal 6. In R18 DSS, CORESET with precoderGranularity = sameAsREG-bundle can be overlapped with RE determined from LTE-CRS-PatternList of up to one CRS pattern list (i.e., lte-CRS-PatternList1 or lte-CRS-PatternList3). 
[bookmark: _Ref115429296][bookmark: _Ref115427046]Proposal 7. CORESET with precoderGranularity = allContiguousRBs is not expected to overlap with RE determined from any LTE-CRS-PatternList. 
3. 
4. 
3. Conclusion
In this contribution, we have the following proposals and observations.
Observation 1. Legacy CE is supported by R18 DSS UE by default without additional enhancements.
Proposal 1. Introduce UE capabilities to indicate the supported CE mechanisms (e.g., support CE based on clean symbol and legacy CE, support legacy CE only).
Proposal 2. Introduce a RRC indicator to inform UE which CE option to use.
Proposal 3. For 1-symbol CORESET overlapped with CRS, UE is not expected to be indicated to perform 'clean symbol based CE' by the RRC indicator.
Proposal 4. Reception of NR PDCCH candidates that overlap with LTE CRS REs is not supported for common CORESET that is configured at least for idle/inactive UE.
Proposal 5. Reception of NR PDCCH candidates that overlap with LTE CRS REs can be supported when the PDCCH candidates are overlapped with only one CRS pattern list (i.e., lte-CRS-PatternList1 or lte-CRS-PatternList3).
Proposal 6. In R18 DSS, CORESET with precoderGranularity = sameAsREG-bundle can be overlapped with RE determined from LTE-CRS-PatternList of up to one CRS pattern list (i.e., lte-CRS-PatternList1 or lte-CRS-PatternList3).
Proposal 7. CORESET with precoderGranularity = allContiguousRBs is not expected to overlap with RE determined from any LTE-CRS-PatternList. 
