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Introduction
In RAN #94e meeting, the WID for Enhancement of NR Dynamic spectrum sharing (DSS) was approved and the objectives of the work item include:
· 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 discuss the support for two overlapping CRS rate matching patterns with or without configuration of multi-TRP.
Discussion
There are two potential specification impacts to fulfill the above WID task, respectively lifting the configuration restriction and PHY procedure restriction. 
One impact is in TS 38.331, where the configuration restriction is marked in red in quoted text below. With current 38.331 text, UE can be configured with two CRS rate matching pattern lists, i.e. lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16. However, there exits some configuration restriction for lte-CRS-PatternList2-r16, where network configures lte-CRS-PatternList2-r16 only if there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1. 
	TS 38.331:
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.





The second specification impact is on 38.214, where the PHY procedure restriction is marked in red in quoted text below.
	-	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.


Both above two restrictions need to be removed to mitigate the interference of transmission of LTE CRS from neighboring LTE cells for Rel-18 DSS.
Although the restriction in 38.331 should be handled in RAN2, we see a potential need for RAN1 to start the discussion with some issue relating to current RAN2 specification text for lte-CRS-PatternList2-r16. Current 38.331 says that (as marked in blue in above quoted text)
“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.” 
Although the WID mentions “two overlapping CRS rate matching patterns”, which matches the above 38.331 text, it deserves further discussion whether the existing text of “fully overlapping in frequency” should apply to Rel-18 DSS. 
Each CRS pattern is defined as: 
RateMatchPatternLTE-CRS ::=         SEQUENCE {
    carrierFreqDL                 INTEGER (0..16383),
    carrierBandwidthDL            ENUMERATED {n6, n15, n25, n50, n75, n100, spare2, spare1},
    mbsfn-SubframeConfigList      EUTRA-MBSFN-SubframeConfigList        OPTIONAL,   -- Need M
    nrofCRS-Ports                 ENUMERATED {n1, n2, n4},
    v-Shift                       ENUMERATED {n0, n1, n2, n3, n4, n5}
}
The direct understanding of pattern being “fully overlapping in frequency” is that all frequency-domain parameters of RateMatchPatternLTE-CRS IE are the same between the two CRS patterns. Unfortunately, this does not seem to be the common understanding. However, the correct understanding about this specification text is crucial to Rel-18 DSS study. To be more specific, 
· If “fully overlapping in frequency of two CRS patterns” reaches parameter v-shift, it may not be applicable to Rel-18 DSS, given the v-shit was designed to specifically ensure non-overlapping CRS patterns between neighboring cells. 
· If “fully overlapping in frequency of two CRS patterns” reaches parameters <carrierFreqDL, carrierBandwidthDL> and/or nrofCRS-Ports, it may restrict the applicability of Rel-18 DSS solution on NR PDSCH rate-matching around neighboring CRS, because the neighboring LTE cells have to use the same LTE spectrum bandwidth and/or the same number of CRS ports in order to use Rel-18 DSS feature.  
Therefore RAN1 needs to decide whether “fully overlapping in frequency of CRS patterns” is applicable in Rel-18 DSS (based on its clarification).    
Case 1: If the restriction of “CRS pattern overlapping” is still applicable in Rel-18 DSS, then the configuration of lte-CRS-PatternList2-r16 can be reused for Rel-18 DSS, and total two CRS rate matching pattern lists are enough. The UE behavior would be: 
· 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.
Case 2: If the restriction of “CRS pattern overlapping” is not applicable in Rel-18 DSS, it may be desirable to keep the lte-CRS-PatternList2-r16 untouched in Rel-18 DSS and to add another CRS pattern list, lte-CRS-PatternList3-r18, specifically for Rel-18 DSS. In this case, the UE behavior would be:
· UE rate match REs from lte-CRS-PatternList3-r18 if configured.
· If UE is configured with lte-CRS-PatternList2-r16:
· 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.
· Otherwise, UE rate match REs from lte-CRS-PatternList1-r16.
Apparently, Case 1 and Case 2 lead to different specification impacts in 38.214. Further, Case-2 is not in line with the WID. 
Proposal 1: RAN1 to decide whether the following configuration restriction coming from current TS 38.331 is applicable in Rel-18 DSS. 
“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.”
If the WID instruction is strictly followed, the modifications to Rel-17 specification texts would be straight-forward.  Because Case 2 may need a modification of WID itself, this contribution does not attempt to further layout Case 2.   
Proposal 2: In case the restriction mentioned in Proposal 1 determined applicable in Rel-18 DSS, 
· Adopt the following TS 38.214 text for Rel-18 DSS.
	-	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.


· Suggest RAN2 with following TS 38.331 text (relating to RRC parameter) for Rel-18 DSS. 
	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.


1. 
2. 
Conclusion
In this contribution, we discuss the support for two overlapping CRS rate matching patterns with or without configuration of multi-TRP and the following proposals are made:
Proposal 1: RAN1 to decide whether the following configuration restriction coming from current TS 38.331 is applicable in Rel-18 DSS. 
 “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.”
Proposal 2: In case the restriction mentioned in Proposal 1 is determined applicable in Rel-18 DSS, 
· Adopt the following TS 38.214 text for Rel-18 DSS.
	-	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.


· Suggest RAN2 with following TS 38.331 text (relating to RRC parameter) for Rel-18 DSS. 
	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.
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