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1 Introduction
This contribution discusses the remaining issues on NR PDCCH reception in symbols with LTE CRS REs.

2 Discussion
2.1	UE capability on supported CE schemes

At the RAN1#110 meeting, following agreement regarding supported channel estimation (CE) scheme options was made.
	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.



At the RAN1#110bis-e meeting, it was discussed whether to introduce a UE capability to report supported CE schemes, but no agreement was reached [1]. Whether to introduce the UE capability may have an impact on specifications. For example, as discussed at the RAN1#110bis-e meeting, if a UE capability for “CE on clean symbol(s) only” is defined, how to determine clean symbols and how to behave in the absence of clean symbols also need to be discussed, which may have RAN1 spec impact. 
Therefore, it would not be preferable to postpone all discussions until the Rel-18 UE capability discussion. Postponing all discussions on UE capability to the UE capability session may prolong the discussion since the discussion may need to be performed between the maintenance session and UE capability session. Although details can be discussed in the UE capability session, the basic agreement should be made before that.
Proposal 1: RAN1 should decide on the basic guidelines for UE capabilities for reception of PDCCH candidates that overlap with CRS before the UE capability session.


2.2	Configuration of gNB’s transmission scheme or UE’s CE scheme

According to the agreement referred in section 2.1, possible gNB transmission schemes are followings.
· puncturing DMRS REs overlapping with CRS (while no puncturing for PDCCH REs overlapping with CRS)
· superposition transmission of DMRS/PDCCH and CRS
In case that UE supports “legacy CE assumption” but does not support “CE on clean symbol(s) only”, gNB should apply “superposition transmission of DMRS/PDCCH and CRS”. Since the UE will perform legacy CE on both clean symbol(s) and non-clean symbol(s) where LTE CRS REs exist, “puncturing DMRS REs overlapping with CRS” will degrade the performance due to the lack of DMRS REs on non-clean symbol(s). 
On the other hand, if UE supports “CE on clean symbol(s) only”, gNB can apply either “puncturing DMRS REs overlapping with CRS” or “superposition transmission of DMRS/PDCCH and CRS” since anyway the UE in this case performs CE on clean symbol(s) where above possible gNB transmission schemes do not have any impact. 
Based on the above analysis on the relationship between possible gNB transmission schemes and UE’s supported CE schemes, we think it is necessary to introduce the configuration of gNB’s transmission scheme or UE’s CE scheme for UE supporting both CE scheme options. Otherwise, UE supporting both CE scheme options cannot select appropriate CE scheme with actual gNB transmission scheme. For example, if gNB transmission scheme is “superposition transmission of DMRS/PDCCH and CRS”, UE should apply “legacy CE assumption” to achieve better CE performance thanks to more DMRS REs/symbols. If gNB transmission scheme is “puncturing DMRS REs overlapping with CRS”, UE should apply “CE on clean symbol(s) only” to avoid the CE performance degradation due to CE on non-clean symbol(s) where some of DMRS REs are punctured. There should be gNB’s configurability on the transmission scheme since gNB may select its transmission scheme based on its own condition rather than each UE’s capability on CE schemes.
Proposal 2: Introduce an gNB configuration to inform UE about gNB transmission scheme (i.e., “puncturing” or “superposition transmission”) or to indicate UE about CE scheme (i.e., “legacy CE assumption” or “clean symbol(s) only”).


2.3	Restriction on the symbols and/or LTE CRS patterns

Although it is described that “Note: Restriction on the symbols and/or LTE CRS patterns applicable for above agreements can be considered during UE capability session” in the agreement referred in section 2.1, we would like to share our views in this contribution.
One of the remaining issues is whether to define some limitation on the symbols supporting PDCCH reception. LTE CRS is transmitted in symbols 0, 1, 4, 7, 8 and 11 when the number of CRS antenna ports is four. 
In symbol 0, CRS of antenna port 0 is transmitted. CRS of antenna port 0 is used for various purposes such as DL synchronization and RRM. LTE PCFICH and PHICH are also transmitted in symbol 0. Superposition transmission of PDCCH/DMRS and CRS in symbol 0 may cause interference to CRS/PCFICH/PHICH and negatively impact to LTE UEs. Superposition transmission of DMRS/PDCCH and CRS should not be performed in symbol 0. CRS of antenna port 0 is also transmitted in symbols 4, 7 and 11. Superposition transmission of DMRS/PDCCH and CRS in those symbols should not be performed either.
Even in case of “puncturing DMRS REs overlapping with CRS”, since PDCCH REs overlapping with CRS are not punctured, it may cause interference to CRS/PCFICH/PHICH and corresponding potential negative impact. Therefore, one possible way to avoid such potential negative impact to LTE operation is to define the limitation on the symbols supporting PDCCH reception.
Proposal 3: Not support reception of PDCCH candidates that overlap with CRS in symbol 0, 4, 7 and 11 in Rel-18.

Another remaining issue is whether to define some limitation on CRS pattern. However, as PDCCH candidates and PDCCH-DMRS RE mapping are based on that of Rel-15 from UE side, it seems unnecessary to define any limitation on CRS patterns. 


3 Conclusion
In this contribution, we presented our views on remaining issues on NR PDCCH reception in symbols with LTE CRS REs. Based on the discussion in this contribution, following proposals were made.
Proposal 1: RAN1 should decide on the basic guidelines for UE capabilities for reception of PDCCH candidates that overlap with CRS before the UE capability session.
Proposal 2: Introduce an gNB configuration to inform UE about gNB transmission scheme (i.e., “puncturing” or “superposition transmission”) or to indicate UE about CE scheme (i.e., “legacy CE assumption” or “clean symbol(s) only”).
Proposal 3: Not support reception of PDCCH candidates that overlap with CRS in symbol 0, 4, 7 and 11 in Rel-18.
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