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Introduction
[bookmark: _Ref129681832]In RAN#94 meeting, a new WID on enhancement of NR dynamic spectrum sharing was approved for Release 18 [1] to allow a UE to be configured with two overlapping CRS patterns.
	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 this contribution, supporting two overlapping CRS rate matching patterns in non-multi-TRP mode is discussed. 
Discussion 
Application scenarios
In Rel-15, only one LTE CRS can be configured in an NR cell. In Rel-16, up to 3 non-overlapping LTE CRSs can be configured in a non-M-TRP NR cell, and up to 2 sets of overlapping LTE CRSs can be configured in an M-TRP NR cell, where each set of LTE CRSs can contain up to 3 non-overlapping LTE CRSs.
When a non-M-TRP UE moves to the edge of two co-frequency LTE cells, it may be interfered by the CRSs from these two cells. If the v-shifts of these two cells are different, the non-M-TRP UE needs to support two frequency overlapping CRSs to avoid LTE CRS interference from two cells.
Same as two overlapping LTE CRSs configured by RRC for M-TRP UEs, two overlapping LTE CRSs can also be configured by RRC signaling to non-M-TRP UEs supporting related capabilities.
Proposal 1: For Rel-18 UEs supporting two LTE CRS overlapping patterns, these two overlapping LTE CRSs should be configured by RRC signaling.
Impact on the implementation complexity
Below we will analyze the impact of supporting two overlapping CRS rate matching patterns on the implementation complexity of a non-M-TRP UE.
· Impact on PDSCH rate matching
LTE CRS is a type of NR PDSCH rate matching pattern. The NR PDSCH rate matching patterns also include NZP/ZP CSI-RS, CORESET, SSB and bitmap. The maximum number of supported PDSCH rate matching patterns per symbol and the maximum number of supported PDSCH rate matching patterns per slot for a UE depend on its capability reporting. If two overlapping LTE CRSs patterns are also accounted in the maximum number of supported PDSCH rate matching pattern, then it has a limited impact on the implementation complexity of PDSCH rate matching.
· Impact on PDSCH DM-RS location
LTE CRS may impact the position of PDSCH DM-RS. E.g. if the PDSCH DM-RS and the LTE CRS overlap in symbols then the position of the PDSCH DM-RS will be delayed, the complexity of this operation is low. Therefore, the additional implementation brought by supporting two overlapping LTE CRSs is limited.
Observation: Simple impact on the specification and UE implementation by allowing two frequency overlapping CRS RM patterns for PDSCH for single TRP UE.
Proposal 2: Adopt the following TP in TS 38.214
	[bookmark: _Toc11352095][bookmark: _Toc20317985][bookmark: _Toc27299883][bookmark: _Toc29673148][bookmark: _Toc29673289][bookmark: _Toc29674282][bookmark: _Toc36645512][bookmark: _Toc45810557][bookmark: _Toc91695424]5.1.4.2	PDSCH resource mapping with RE level granularity
[bookmark: _Hlk22923417]The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList.
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	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.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and the UE is configured by higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, and the UE is configured by higher layer parameter crs-RateMatch-enable-R18, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig are declared as not available for PDSCH.
[…]


Conclusion
According to the above discussions, we have the following observation and proposals:
Observation: Simple impact on the specification and UE implementation by allowing two frequency overlapping CRS RM patterns for PDSCH for single TRP UE.

Proposal 1: For Rel-18 UEs supporting two LTE CRS overlapping patterns, these two overlapping LTE CRSs should be configured by RRC signaling.
Proposal 2: Adopt the following TP in TS 38.214
	5.1.4.2	PDSCH resource mapping with RE level granularity
The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList.
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.
-	Each RateMatchPatternLTE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	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.
-	If the UE is not configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet, and the UE is configured by higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, and the UE is configured by higher layer parameter crs-RateMatch-enable-R18, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig are declared as not available for PDSCH.
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