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1	Introduction
The enhancement of Dynamic Spectrum Sharing in Rel-18 is to study the NR PDCCH reception in symbols that overlapping with LTE CRS, and to also evaluate the gain of this enhancement for the purpose of introducing UE demodulation requirements. 
The related Rel-18 eDSS WI objective is as follows [1]:
	4.1	Objective of SI or Core part WI or Testing part WI
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]



The performance part objective is as follows:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Specify, if any, necessary UE performance requirements for above core objectives: 
· Specify necessary UE demodulation performance requirements (RAN4)



In this contribution, we discussed multiple scenarios of the enhancement of NR Dynamic Spectrum Sharing, based on that we provided our views on the scope of UE demodulation requirements for discussion.
2	Discussion
2.1 Introduction of the enhancement
As we know, according to the specification 38.213, UEs are not expected to handle the overlapping between LTE CRS and NR PDCCH. Consequently, in the scenario of a 4 port CRS, the earliest symbol at which NR PDCCH can start mapping is symbol #2. 
[image: ]
Figure 2.1-1 Current mapping of DSS 
When the LTE load is reduced, the LTE PDCCH will only utilize only one symbol (symbol #0) and left empty for symbol #1, as illustrated in the figure 2.1-2 below:
[image: ] 
Figure 2.1-2 1-symbol LTE PDCCH mapping for DSS
While because of the restriction in specification 38.213, NR PDCCH can not utilize symbol #1 even when it is released by LTE PDCCH. Same situation for UEs that support FG 3-2/FG 33-12 and FG 14-2 as shown below:
[image: ]
Figure 2.1-3 1-symbol LTE PDCCH mapping for UEs support FG 3-2/FG 33-12 and FG 14-2
In Rel-18, however, the NR PDCCH has been enhanced by removing this constraint, so that it is possible to configure NR PDCCH in symbols where LTE CRS exist. As illustrated in the figure 2.1-4, it is possible to configure (2+11) or (3+10) for the allocation of NR PDCCH symbols and NR PDSCH symbols when symbol #1 remains unallocated for LTE PDCCH. 
[image: ]
Figure 2.1-4 Rel-18 enhancement for DSS
2.2 Scenario and test scope
With the understanding of the Rel-18 enhancement on removing the NR PDCCH reception constrain, it is realistic to consider how to manage the overlapping between NR PDCCH and LTE CRS REs. According to the RAN1 UE feature group list [2], there are 5 independent FGs defined for Rel-18 DSS, and based on that we analyzed all possible scenarios yet to come up with only the followings to consider introducing demodulation requirements.
Scenario 1
· 2-symbols CORESET with multiple non-overlapping rate matching patterns

This scenario describes that there is a 2-symbol CORESET in which 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. 
Figure 2.2-1 shows the 2-symbol CORESET scenario with overlapping between LTE CRS and NR PDCCH:
[image: ]
Figure 2.2-1 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.
We prefer to first evaluate the performance of different aggregation level and then choose proper parameter assumptions to introduce NR PDCCH demodulation requirements for 2-symbol CORESET with multiple non-overlapping rate matching patterns scenario.
Observation 1: More resource available for NR PDCCH in this 2-symbol CORESET scenario, compared to 1-symbol scenario
Proposal 1: Introduce NR PDCCH demodulation requirements for 2-symbol CORESET with multiple non-overlapping rate matching patterns scenario.
Scenario 2
· 2 overlapping LTE CRS rate matching patterns regardless the support of multi-trp

This scenario describes the overlapping between LTE CRS and NR PDCCH while UE is able to receive and handle two LTE CRS overlapping rate matching patterns regardless of the capability of multi-TRP.
Figure 2.2-2 shows the mapping of 2 LTE CRS overlapping rate matching patterns:
[image: ]
Figure 2.2-2 2 overlapping LTE CRS rate matching patterns scenario
The deployment of 2 overlapping LTE CRS rate matching patterns is supported only for multi-TRP scenario in the previous releases. As specified in the FG52-2 in RAN1 UE feature list [2], the UE can report its capability on the support of the reception of 2 overlapping LTE CRS rate matching patterns regardless of support or configuration of multi-TRP. We think it is necessary to verify the performance of UE handling two overlapping LTE CRS pattern in a non-multi-TRP scenario. Thus, we propose to define PDSCH requirements for this scenario.
Observation 4: UE can report its capability on the support of the reception of 2 overlapping rate matching patterns regardless of support or configuration of multi-TRP in Rel-18
Proposal 4: Introduce PDSCH demodulation requirements for two overlapping LTE CRS rate matching patterns scenario
2.3 Parameter assumption
Regarding PDCCH demodulation requirement for 2/3-symbol scenario, we propose the following parameter assumptions and test cases:
Table 2.3-1 Proposed parameter assumption 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

	DCI payload (excluding CRC)
	60 bits

	Interleaving
	Non-interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 REGs



Table 2.3-2 Proposed test cases for PDCCH requirement
	Test number
	Bandwidth (MHz)
	Symbols with PDCCH
	Aggregation level
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

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

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



For PDSCH demodulation requirement for 2 overlapping LTE CRS rate matching patterns scenario, we propose the following parameter assumptions and test cases:
Table 2.3-3 Proposed parameter assumptions for PDSCH requirement
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	3

	
	Length (L)
	
	11

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CSI-RS for tracking
	CSI-RS periodicity
	Slots
	Table 5.2-1.

	
	CSI-RS offset
	Slots
	Table 5.2-1.

	Number of HARQ Processes
	
	8 

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2



Table 2.3-4 Proposed test cases for PDSCH requirement
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	Rank 2

	1
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x2, 2x4, ULA Low
	70
	




3	Summary
In this contribution, we discussed the scenario of the enhancement of NR Dynamic Spectrum Sharing, and we also provided our views on the scope of UE demodulation requirements for discussion.
We summarized our observations and proposals as follows:
Observation 1: More resource available for NR PDCCH in this 2-symbol CORESET scenario, compared to 1-symbol scenario
Proposal 1: Introduce NR PDCCH demodulation requirements for 2-symbol CORESET with multiple non-overlapping rate matching patterns scenario.
Observation 2: UE can report its capability on the support of the reception of 2 overlapping rate matching patterns regardless of support or configuration of multi-TRP in Rel-18
Proposal 2: Introduce PDSCH demodulation requirements for two overlapping LTE CRS rate matching patterns scenario
Proposal 3: Consider table 2.3-1 for PDCCH parameter assumptions
Proposal 4: Consider table 2.3-2 for PDCCH test cases
Proposal 5: Consider table 2.3-3 for PDSCH parameter assumptions
Proposal 6: Consider table 2.3-4 for PDSCH test cases
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