
3GPP TSG RAN WG1 Meeting #109-e 	R1-2203835
E-meeting, May 9th – 20th, 2022
Source: 	    Xiaomi
[bookmark: Title]Title:                 Discussion on UE support for two overlapping CRS rate matching patterns 

Agenda item:   9.9.2
[bookmark: DocumentFor]Document for: Discussion 

Introduction
[bookmark: _Hlk101809692]In RAN#94 meeting, a new work item (WID) on Rel-18 DSS (Dynamic spectrum sharing) was approved [1], details are as follows:
	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]


In this contribution, we share our views on the scheme with two overlapping CRS Rate Matching patterns.
Discussion
As captured in the WID, RAN 1 needs to specify the mechanisms of allowing a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP. In current specification, if the PDSCH transmission scheme is based on a single TRP, the relevant descriptions in TS38.214 are excerpted as follows [2]:
	-------------- 38.214 [2] 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. 
-	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.
------------- 38.214 [2] end ----------------------



Based on the above description, Rel-15 UE can be configured with one CRS-RM pattern in lte-CRS-ToMatchAround, while Rel-16 UE can be configured with a CRS-RM pattern list once lte-CRS-PatternList1-r16 in ServingCellConfig is indicated.
Observation 1: The UE can be configured with a CRS-RM pattern list in lte-CRS-PatternList1-r16.
The descriptions of lte-CRS-PatternList1-r16 in TS38.331 are excerpted as in Table 2-1. The table shows that one CRS-RM pattern list in lte-CRS-PatternList1-r16 can be configured for single TRP UE and it contains one or more CRS-RM patterns. 



Table 2-1: Descriptions of lte-CRS-PatternList1-r16 for CRS-RM pattern list in TS 38.331
	Field
	Content
	Description

	lte-CRS-PatternList1-r16   
	SetupRelease {LTE-CRS-PatternList-r16 }  
	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-PatternList-r16
	SEQUENCE 
(SIZE (1..maxLTE-CRS-Patterns-r16)) OF RateMatchPatternLTE-CRS
	maxLTE-CRS-Patterns-r16=3

	RateMatchPatternLTE-CRS
	SEQUENCE {
carrierFreqDL              INTEGER (0..16383),
……
v-Shift                        ENUMERATED {n0, n1, n2, n3, n4, n5}
}

	The IE RateMatchPatternLTE-CRS is used to configure a pattern to rate match around LTE CRS.



Observation 2: The CRS-RM pattern list in lte-CRS-PatternList1-r16 may be configured for single TRP UE and it contains one or more CRS-RM patterns.
Based on the above descriptions, we have following observation:
Observation 3: The mechanisms of allowing a single TRP UE to support, and be configured with, two overlapping CRS-RM patterns can be realized by current specification already.
Another issue that needs to be clarified is the behavior of PDCCH transmission if UE is configured with two CRS-RM patterns. According to the WID, the NR PDCCH can be transmitted on symbols containing LTE CRS, and the conflicting REs can be punctured by CRS. However, it is unclear whether the configured two CRS can puncture the NR PDCCH or only one CRS is used for PDCCH puncturing. Generally speaking, if enabling two CRS to puncture NR PDCCH, the performance of PDCCH may be severely degraded. 
[image: ]
Fig 2-1: Scenario of PDCCH in symbols with two CRS-RM patterns
As explained by the example in Fig 2-1, only 4 REs are left for PDCCH transmission within an RB on symbols containing CRS if two 4-port CRS are configured. To be specific, almost half DCI bits are lost if the PDCCH occupies first three symbols, i.e., symbol#0, symbol#1 and symbol#2. In this case, it may be impossible to transmit PDCCH on symbol#0 and symbol#1.
Propose 1: The behavior of NR PDCCH with two CRS-RM patterns needs to be clarified.

Conclusion
According to the above discussions, we have the following observation and proposals:
Observation 1: The UE can be configured with a CRS-RM pattern list in lte-CRS-PatternList1-r16.
Observation 2: The CRS-RM pattern list in lte-CRS-PatternList1-r16 may be configured for single TRP UE and it contains one or more CRS-RM patterns.
Observation 3: The mechanisms of allowing a single TRP UE to support, and be configured with, two overlapping CRS-RM patterns can be realized by current specification already.
Propose 1: The behavior of NR PDCCH with two CRS-RM patterns needs to be clarified.
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