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[bookmark: OLE_LINK1]Introduction
In RAN#94e meeting, a new WID about NR DSS was approved for Rel-18 [1]
	The following objectives shall be included for improvement of NR spectrum efficiency for LTE-NR co-existence (RAN1):
· Study and if needed specify NR PDCCH reception in symbols with LTE CRS REs. [RAN1]
· Investigate enabling LTE CRS to puncture NR PDCCH, including the impact to NR PDCCH DMRS if there is the performance gain from the additional PDCCH resources.
· Allow a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP [RAN1, RAN2]


In our companion contributions [2], [3], our views on support of PDCCH reception in symbols with LTE CRS REs and two overlapping CRS rate matching patterns are provided separately. In this contribution, we provide our views on the conjunction of the two features.   
Discussion
Based on our evaluation in [2], PDCCH reception in symbols with LTE CRS REs by puncturing could provide better performance. This is because a higher aggregation level can be used if NR PDCCH can be transmitted in two OFDM symbols (i.e., the second and third symbol) compared to the legacy PDCCH in one OFDM symbol (i.e., the third symbol only). If RAN1 agrees to support PDCCH reception in symbols with LTE CRS REs, then a follow-up question is whether to support it together with two overlapping CRS rate matching patterns? 
[bookmark: _GoBack]In the worst case, i.e., the REs indicated by both two overlapping CRS rate matching patterns are punctured for NR PDCCH, it may still potentially have better performance. Because there are still more non-punctured DMRS REs (i.e., 4 REs with one in the second symbol and three in the third symbol within a PRB) and a higher aggregation level can still be used by using two OFDM symbols with using the same frequency resources for NR PDCCH. 
Proposal 1: RAN1 needs to discuss whether to support PDCCH reception in symbols with LTE CRS REs when two overlapping CRS rate matching patterns are configured, regardless of support or configuration of multi-TRP. 
Assuming the conjunction of the two features is supported. UE behavior for such case also needs to be clarified. For single TRP case or single-DCI based multi-TRP case, one simple solution is to puncture NR PDCCH by all the REs indicated by both two overlapping CRS rate matching patterns. For multi-DCI based multi-TRP case, either applying the same rule as other cases or applying similar rules as legacy (as copied below) can be considered. More specifically for the latter case, whether to only use the REs indicated by lte-CRS-PatternList1-r16 or both lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 depends on a RRC parameter crs-RateMatch-PerCoresetPoolIndex. 
	-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-   otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.



Proposal 2: If RAN1 would support PDCCH reception in symbols with LTE CRS REs when configured with two overlapping CRS rate matching patterns, the puncturing rules should be discussed. 
· FFS whether the same puncturing rule is applied for all cases, i.e., single TRP, single-DCI based multi-TRP and multi-DCI based multi-TRP.  

Conclusion
In this contribution, we have the following two proposals for the conjunction of the two features discussed in the WID:
Proposal 1: RAN1 needs to discuss whether to support PDCCH reception in symbols with LTE CRS REs when two overlapping CRS rate matching patterns are configured, regardless of support or configuration of multi-TRP. 
Proposal 2: If RAN1 would support PDCCH reception in symbols with LTE CRS REs when configured with two overlapping CRS rate matching patterns, the puncturing rules should be discussed. 
· FFS whether the same puncturing rule is applied for all cases, i.e., single TRP, single-DCI based multi-TRP and multi-DCI based multi-TRP.  
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