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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 this contribution, we provide our views on the second bullet, i.e. allow a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP.
Background
According to the current Rel-16 specifications TS 38.214 and TS 38.331 [2][3], more than one semi-statically configured CRS rate matching patterns in a certain frequency range, i.e. more than one overlapping CRS patterns in the frequency domain, is only supported for PDSCH transmission with multi-DCI based MTRP. 
---------------------------------------- TS 38.214 Clause 5.1.4.2 [3] start ----------------------------------------------------------
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. 
[bookmark: _GoBack]-	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.
-----------------------------------------TS 38.214 Clause 5.1.4.2 [3] end -----------------------------------------------------------
--------------------------------------------------TS 38.331 [4] start-------------------------------------------------------------------
ServingCellConfig ::=               SEQUENCE {
…
    lte-CRS-PatternList1-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
    lte-CRS-PatternList2-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
…

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.


--------------------------------------------------TS 38.331 [4] end -------------------------------------------------------------------
Hence, the second bullet in the WID as shown in Section 1 is added to support two overlapping CRS rate matching patterns for single-TRP or single-DCI based MTRP PDSCH transmission. 
As shown in Figure 1, for UEs at the cell edge which may suffer serious interference from LTE CRS transmitted in two cells, it is beneficial to support two overlapping CRS rate matching patterns from RAN1/2 specification perspective no matter PDSCH transmission scheme is multi-DCI based MTRP, single-DCI based MTRP or single-TRP. 
[image: ]
Figure 1 Interference caused by CRS from two LTE cells
Discussion
In order to support two overlapping CRS rate matching patterns for single-TRP or single-DCI based MTRP PDSCH transmission, we think the following issues should be discussed.
3.1 UE capability 
As shown in Section 6, the existing FG 14-1 and 14-1a are used for support of multiple overlapping CRS rate matching patterns which is regardless of transmission scheme. Basically, FG 14-1 is to report the total number of support CRS rate matching patterns including both non-overlapping and overlapping ones. FG 14-1a is to report whether the UE support two overlapping patterns. 
However, as aforementioned analysis in Section 2, it is common understanding that the legacy UEs support two overlapping CRS rate matching patterns only for multi-DCI based MTRP PDSCH transmission. Consequence, a new UE capability similar as FG 14-1a should be introduced for single-TRP or single-DCI based MTRP PDSCH transmission. 
Proposal 1: For PDSCH transmission other than multi-DCI based MTRP, a new UE capability similar as FG 14-1a should be introduced to support two overlapping CRS rate matching patterns.   
3.2 RRC parameter
As shown in Section 2, overlapping CRS rate matching patterns are currently configured by RRC parameters lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig. As these two parameters are configured independently with PDSCH transmission scheme, we suggest reusing them for single-TRP or single-DCI based MTRP PDSCH transmission.
Proposal 2: For PDSCH transmission other than multi-DCI based MTRP, reuse the existing RRC parameters lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig. 
3.3 Specification impacts
As shown in Figure 1, for a NR cell edge UE, when two CRS rate matching patterns are configured for single-TRP or single-DCI based MTRP PDSCH, UE should do rate matching around REs indicated by both CRS patterns in order to mitigate the serious interference from both LTE cells. For cell center UE, only configuring a single CRS rate matching pattern is sufficient. 
Proposal 3: For PDSCH transmission other than multi-DCI based MTRP, UE does rate matching around REs indicated by both lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16. 
A text proposal for 38.214 is suggested as follows
	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 and lte-CRS-PatternList2-r16 if provided 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.



Conclusion
In this contribution, for DSS scenarios, we discuss the issues on support of two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP, and have the following proposals. 
Proposal 1: For PDSCH transmission other than multi-DCI based MTRP, a new UE capability similar as FG 14-1a should be introduced to support two overlapping CRS rate matching patterns. 
Proposal 2: For PDSCH transmission other than multi-DCI based MTRP, reuse the existing RRC parameters lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig. 
Proposal 3: For PDSCH transmission other than multi-DCI based MTRP, UE does rate matching around REs indicated by both lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16.
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Existing UE capability for CRS rate matching
5

	14-1
	Multiple LTE-CRS rate matching patterns
	1)	Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS
2)	Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS
	5-28 (Rate-matching around LTE CRS)
	multipleRateMatchingEUTRA-CRS-r16 {
maxNumberPatterns-r16,
maxNumberNon-OverlapPatterns-r16} 
	BandNR

	n/a
	n/a (FR1 only)
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot

UE reporting component 1 for 14-1 also reports component 2.
Reporting of values of Component 1 larger than two is only applicable when reporting values of Component 2 larger than one.
	Optional with capability signalling

Component 1:{2, 3, 4, 5, 6}

Component 2: {1, 2, 3}

	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	1.	Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier

	14-1 
	overlapRateMatchingEUTRA-CRS-r16
	BandNR
	n/a
	n/a (FR1 only)
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling
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