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1	Introduction
This is the second meeting for demodulation discussion for WI: Enhancement of NR Dynamic Spectrum Sharing. Following the discussion in the previous meeting, two conclusions were reached from a scope perspective. One is to define the demodulation requirement for PDCCH based on the scenario of which overlapping with LTE CRS. The other is not to define demodulation requirement for PDSCH concerning overlapping CRS rate matching patterns since, from a demodulation perspective, applying two CRS overlapping rate matching patterns in non-multi-TRP scenarios introduces changes only in the coding rate but do not fundamentally alter the demodulation algorithms. There is no need to specifically define PDSCH demodulation requirement for a different coding rate.
In this contribution, we mainly discussed the candidate scenario for PDCCH requirement, and proposed several parameter assumptions for test case design.
2	Discussion
2.1 Candidate scenario
As agreed in the last meeting, the following scenario with 2-symbol CORESET was considered as a candidate, along with below basic assumptions captured in the agreed WF [1]:
	· Basic assumptions
· Rate matching pattern
· Option 1: Single non-overlapping CRS rate matching patterns for PDCCH demodulation.
· Other options not precluded
· 4 CRS ports for LTE
· Symbol #0: LTE PDCCH/PCFICH
· Symbol #1: NR PDCCH overlapping with LTE CRS
· Symbol #2: NR PDCCH



Figure 2.1-1 illustrated this 2-symbol CORESET scenario, which is that the first OFDM symbol for NR PDCCH is overlapped by LTE CRS but the second OFDM symbol for NR PDCCH is not overlapped by any signals. 
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Figure 2.1-1 2-symbol CORESET scenario with overlapping between LTE CRS and NR PDCCH
As illustrated in the figure 2.2-1, within the CORESET, 1 symbol is overlapping while the other is clean, which gives UE more PDCCH resources for doing the channel estimation to ensure the PDCCH functionality. UE can, in one possible implementation, puncture PDCCH REs overlapping with LTE CRS in symbol #1, and use both punctured and non-punctured REs for channel estimation. 
According to the RAN1 UE feature [2], there are two features related to the 2-symbol CORESET scenario:
· 52-1: Reception of NR PDCCH candidates overlapping with LTE CRS REs
· 52-1a: Reception of NR PDCCH candidates overlapping with LTE CRS REs with multiple non-overlapping CRS rate matching patterns
The difference is that reporting feature 52-1a indicate the support of multiple non-overlapping CRS rate matching patterns handling. From the demodulation perspective, configuring two or more CRS rate matching patterns is nothing different on the processing compared with single non-overlapping CRS rate matching pattern, yet to give worse performance because of the less available resources for doing channel estimation. Given that the single non-overlapping CRS rate matching pattern configuration can fulfill the purpose of verifying UE behavior, we support considering single non-overlapping CRS rate matching pattern for PDCCH demodulation requirement definition.
Observation 1: From demodulation perspective, configuring two or more CRS rate matching patterns doesn't alter the processing compared to a single, non-overlapping CRS rate matching pattern. However, it may result in worse performance due to the reduced resources available for channel estimation.
Proposal 1: Propose to consider single non-overlapping CRS rate matching pattern for PDCCH demodulation definition.
2.2 Parameter assumption
In this section, we provided following parameter assumptions for PDCCH test case design.
Table 2.2-1 Proposed parameter assumptions for PDCCH requirement
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	10 MHz

	Channel model
	TDLC300-100

	Antenna configuration
	1x2, 1x4; 2x2, 2x4

	CRS 
	4 port CRS without power boosted

	Interleaving
	Non-interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6

	UE receiver assumption
	Use only the clean PDCCH symbol

	gNB assumption
	PDCCH data and DMRS REs overlapped with LTE CRS are punctured.

	
	



We prefer to first evaluate the performance of different aggregation levels and then to come up with proper parameter assumptions to introduce NR PDCCH demodulation requirements for 2-symbol CORESET with single non-overlapping rate matching patterns scenario. According to the performance evaluation, e.g., comparing the performance difference between with CRS rate matching and without CRS rate matching, RAN4 decides which test case is used to define the PDCCH demodulation requirements with CRS rate matching. 
Table 2.2-2 Proposed test cases for evaluation purpose 
	Test number
	Bandwidth (MHz)
	Symbols with PDCCH
	Aggregation level
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1Tx

	1
	10
	2
	2
	TDLA30-10
	1x2, 1x4 Low
	1
	

	2
	10
	2
	4
	TDLA30-10
	1x2, 1x4 Low
	1
	

	3
	10
	2
	16
	TDLA30-10
	1x2, 1x4 Low
	1
	

	2Tx

	4
	10
	2
	4
	TDLC300-100
	2x2, 2x4 Low
	1
	

	5
	10
	2
	8
	TDLC300-100
	2x2, 2x4 Low
	1
	



Proposal 2: Propose following parameter assumptions for PDCCH requirement:
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	10 MHz

	Channel model
	TDLA30-10 for 1Tx, TDLC300-100 for 2Tx

	Antenna configuration
	1x2, 1x4; 2x2, 2x4

	LTE CRS 
	4 port CRS without power boosted

	CORESET Interleaving
	Non-interleaved

	CORESET Precoding
	Precoder cycling per REG bundle

	CORESET REG bundle size
	6

	UE receiver assumption
	Use only the clean PDCCH symbol

	gNB assumption
	PDCCH data and DMRS REs overlapped with LTE CRS are punctured.

	
	



Proposal 3: Propose following test cases for evaluation purpose: 
	Test number
	Bandwidth (MHz)
	Symbols with PDCCH
	Aggregation level
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1Tx

	1
	10
	2
	2
	TDLA30-10
	1x2, 1x4 Low
	1
	

	2
	10
	2
	4
	TDLA30-10
	1x2, 1x4 Low
	1
	

	3
	10
	2
	16
	TDLA30-10
	1x2, 1x4 Low
	1
	

	2Tx

	4
	10
	2
	4
	TDLC300-100
	2x2, 2x4 Low
	1
	

	5
	10
	2
	8
	TDLC300-100
	2x2, 2x4 Low
	1
	



3	Summary
In this contribution, we discussed the candidate scenario of the enhancement of NR Dynamic Spectrum Sharing, and we also proposed parameter assumptions and evaluation cases for discussion.
We summarized our observations and proposals as follows:
Observation 1: From demodulation perspective, configuring two or more CRS rate matching patterns doesn't alter the processing compared to a single, non-overlapping CRS rate matching pattern. However, it may result in worse performance due to the reduced resources available for channel estimation.
Proposal 1: Propose to consider single non-overlapping CRS rate matching pattern for PDCCH demodulation definition.
Proposal 2: Propose following parameter assumptions for PDCCH requirement:
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	10 MHz

	Channel model
	TDLC300-100

	Antenna configuration
	1x2, 1x4; 2x2, 2x4

	CRS 
	4 port CRS without power boosted

	Interleaving
	Non-interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6

	UE receiver assumption
	Use only the clean PDCCH symbol

	gNB assumption
	PDCCH data and DMRS REs overlapped with LTE CRS are punctured.

	
	



Proposal 3: Propose following test cases for evaluation purpose: 
	Test number
	Bandwidth (MHz)
	Symbols with PDCCH
	Aggregation level
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1Tx

	1
	10
	2
	2
	TDLA30-10
	1x2, 1x4 Low
	1
	

	2
	10
	2
	4
	TDLA30-10
	1x2, 1x4 Low
	1
	

	3
	10
	2
	16
	TDLA30-10
	1x2, 1x4 Low
	1
	

	2Tx

	4
	10
	2
	4
	TDLC300-100
	2x2, 2x4 Low
	1
	

	5
	10
	2
	8
	TDLC300-100
	2x2, 2x4 Low
	1
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