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Introduction
RAN#94 in December 2021 approved a new WI: Enhancements of NR Dynamic spectrum sharing (DSS) [1], with the following objectives:
	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.
· [bookmark: _Hlk93047154]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]



Time units were allocated only for RAN1#109 and RAN1#110 for the work item.
[bookmark: _Hlk510705081]This document discusses the second objective: Allow a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP
Discussion
RAN1#109 made the following working assumptions on the support for 2 LTE CRS RM patterns:
	Working Assumption
Introduce two new RRC parameters (i.e., list3 and list4). gNB cannot configure legacy list1/2 and new list3/4 simultaneously. If new list3/4 are configured, UE applies list3/4 regardless of whether CORESETPoolIndex= 1 is configured for any of DL BWPs of the serving cell.



	Working Assumption
· Introduce two new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two CORESET pools two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two CORESET pools two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList3-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList31, and so on.”



The second WA doesn’t seem to work when mTRP and it adds unnecessary burden to the configuration management when mTRP is not present, and if the construction based on the two lists is not working as intended, then the first WA needs to be questioned as well.
The WA seems to lead to the following behaviour
1. When mTRP is present
· The Rel-16 RM pattern lists are not configured
· The Rel-18 RM pattern lists are configured
· When coresetPoolIndex = 0 only list3 is applied
· There is just one RM pattern over a given frequency range, neither the neighbour cell related CRS nor other TRP related CRS is not rate matched
· When coresetPoolIndex = 1 only list4 is applied
· There is just one RM pattern over a given frequency range, neither the neighbour cell related CRS nor other TRP related CRS is rate matched
· Otherwise clause that would lead to applying two overlapping RM lists only applies if the UE is not configured with crs-RateMatch-PerCoresetPoolIndex, when the UE falls back to non-mTRP type of operation

Observation 1: For mTRP case with per coresetPoolIndex equals to 0 or 1 the WA just picks one RM list based on the poolindex associated with the transmitted PDSCH. I.e. depending on which poolindex the PDSCH is associated with, the UE RMs either around the own-cell associated CRS pattern or neighbour cell associated CRS pattern, but never both. Two frequency-overlapping RM patterns are only applied when the UE falls back to non-mTRP RM behaviour.
2. When mTRP is not present
· First, the UE is in cell center and only RMs on the own site CRS leveraging Rel-16 implementation
· Network configures the UE with list1
· Second, the UE moves closer to the cell edge and the network wants to apply two overlapping RM patterns
· The network removes list1 and provides the exact same information with list3
· The network adds the other cell CRS to RM around with list4.

Observation 2: For non-mTRP case the WA works, but it cumbersomely replaces list1 with list3 (with the same content) when the second RM pattern (with list4 in the WA) is configured, and again when the second RM pattern is removed from the configuration the list3 needs to be again replaced with list1 (with the same content). 
Proposal 1: Do not confirm the RAN1#109 working assumptions
Proposal 2: Introduce ONE new RRC parameter (list3) where
· For non-mTRP case the list1 and list 3 are applied
· For mTRP case
· When the PDSCH is associated with coresetPoolIndex set to ‘0’: The list1 and list 3 are applied 
· When the PDSCH is associated with coresetPoolIndex set to ‘1’: The list1, list 2 and list 3 are applied 

Proposal 3: Modify the RAN1#109 WA (RAN1#109 revmarks not shown) to match one new list approach:
Working Assumption
· Introduce twoone new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· When the network configures lte-CRS-PatternList3, it shall also configure lte-CRS-PatternList1
· No change to the Rel-16 rule: The network does not configure lte-CRS-ToMatchAround and lte-CRS-PatternList1 simultaneously
· No change to the Rel-16 rule: the network does not configure only when the network configures crs-RateMatch-PerCoresetPoolIndex, it may configure lte-CRS-PatternList2
· The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList1 and lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList1 and lte-CRS-PatternList3-r18 isare applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, lte-CRS-PatternList1, lte-CRS-PatternList2 and lte-CRS-PatternList3 both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
· The LTE CRS patterns in lte-CRS-PatternList3 shall be non-overlapping in frequency
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on.”

The parameter can be carried forward to TS38.331 as follows:
	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.

	lte-CRS-PatternList3
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 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. The network configures this field only if it has also configured lte-CRS-PatternList1.



Proposal 4: Suggest the following field description to RAN2 for the new list3:
lte-CRS-PatternList3
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 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. The network configures this field only if it has also configured lte-CRS-PatternList1.

Conclusion
With regard to the two RAN1#109 working assumptions, the following observations and proposals are made:
Observation 1: For mTRP case with per coresetPoolIndex equals to 0 or 1 the WA just picks one RM list based on the poolindex associated with the transmitted PDSCH. I.e. depending on which poolindex the PDSCH is associated with, the UE RMs either around the own-cell associated CRS pattern or neighbour cell associated CRS pattern, but never both. Two frequency-overlapping RM patterns are only applied when the UE falls back to non-mTRP RM behaviour.
Observation 2: For non-mTRP case the WA works, but it cumbersomely replaces list1 with list3 (with the same content) when the second RM pattern (with list4 in the WA) is configured, and again when the second RM pattern is removed from the configuration the list3 needs to be again replaced with list1 (with the same content). 
Proposal 1: Do not confirm the RAN1#109 working assumptions
Proposal 2: Introduce ONE new RRC parameter (list3) where
· For non-mTRP case the list1 and list 3 are applied
· For mTRP case
· When the PDSCH is associated with coresetPoolIndex set to ‘0’: The list1 and list 3 are applied 
· When the PDSCH is associated with coresetPoolIndex set to ‘1’: The list1, list 2 and list 3 are applied 

Proposal 3: Modify the RAN1#109 WA (RAN1#109 revmarks not shown) to match one new list approach:
Working Assumption
· Introduce twoone new RRC parameters lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 in ServingCellConfig around which the UE shall do rate matching for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS. 
· When the network configures lte-CRS-PatternList3, it shall also configure lte-CRS-PatternList1
· No change to the Rel-16 rule: The network does not configure lte-CRS-ToMatchAround and lte-CRS-PatternList1 simultaneously
· No change to the Rel-16 rule: the network does not configure only when the network configures crs-RateMatch-PerCoresetPoolIndex, it may configure lte-CRS-PatternList2
· The network does not configure lte-CRS-PatternList3-r18 and any of lte-CRS-ToMatchAround, lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 simultaneously. Lte-CRS-PatternList4-r18 is configured if lte-CRS-PatternList3-r18 is configured in ServingCellConfig. 
· For case when UE is not configured with two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18, both lte-CRS-PatternList1 and lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied
· For case when UE is configured with two different values of coresetPoolIndex in ControlResourceSet, and configured with lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18
· If UE is configured with crs-RateMatch-PerCoresetPoolIndex, lte-CRS-PatternList1 and lte-CRS-PatternList3-r18 isare applied if the PDSCH is associated with coresetPoolIndex set to ‘0’, and lte-CRS-PatternList4-r18 is applied if the PDSCH is associated with coresetPoolIndex set to ‘1’
· Otherwise, lte-CRS-PatternList1, lte-CRS-PatternList2 and lte-CRS-PatternList3 both lte-CRS-PatternList3-r18 and lte-CRS-PatternList4-r18 are applied.
· The legacy configuration rule in TS 38.331 is applied in Rel-18 DSS, i.e., 
· The LTE CRS patterns in lte-CRS-PatternList3 shall be non-overlapping in frequency
· “The first LTE CRS pattern in lte-CRS-PatternList4 shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList3, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList3, and so on.”

Proposal 4: Suggest the following field description to RAN2 for the new list3:
lte-CRS-PatternList3
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 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. The network configures this field only if it has also configured lte-CRS-PatternList1.
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