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Background
RAN1 has almost concluded the core part of Rel-18 DSS enhancement. RAN4 is responsible for defining the corresponding UE demodulation and CSI requirements. This contribution provides our over views on test scenario and test setup.
1   Discussions
General 
Two features are introduced by RAN1, which can be briefly summarized as UE support PDCCH reception overlapping with LTE CRS and support two overlapping CRS rate-matching patterns. Such two new features have large impact on the performance and UE’s baseband processing compared to legacy PDCCH/PDSCH features. Hence we propose to define the corresponding performance requirements.
Proposal 1: RAN4 to define following demodulation requirements:
PDCCH overlapping with LTE CRS
PDSCH with two overlapping CRS rate-matching patterns configured

PDCCH requirements
General test setup and receiver assumption
RAN1 has agreed following:
	Agreement
Reception of NR PDCCH candidates that overlap with LTE CRS REs is supported by Rel18 UEs
PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side.


We can observe that PDCCH candidate and PDCCH DMRS RE mapping are not changed. From BS side, to avoid the interference from PDCCH to LTE CRS, it’s high likely for BS to puncture the PDCCH data and DMRS REs overlapped with LTE CRS, RAN1 also considered this implementation as typical scenario for evaluation. Therefore, RAN4 should also follow the RAN1’s common understanding to define the test setup that TE puncture the PDCCH REs and PDCCH data. For the receiver assumption, RAN4 to assume that UE sets the LLR corresponding to CRS REs to zero which is also considered as typical UE implementations from RAN1.
Proposal 2: RAN4 to define following test setup and receiver assumption:
Transmission side: TE puncture the PDCCH data and DMRS REs overlapped with LTE CRS
Receiver side: UE sets the LLR corresponding to CRS REs to zero

Work scope:
For the feature of supporting PDCCH reception overlapping LTE CRS, RAN1 defined following capabilities: 
	Reception of a NR PDCCH candidate in REs that overlap with LTE CRS: candidate value set {a) when at least one symbol of the NR PDCCH candidate is not overlapped with LTE CRS , b) when some or all of symbols of NR PDCCH candidate overlap with LTE CRS}
Note: it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.
For component 2, RAN1 considers support value b) in component 2 only if RAN4 performance requirements for value b) are not defined


We can observe that candidate value a) has been confirmed by RAN1, which means UEs reporting a) only support partial overlapping, implicitly expressing that such UE is most likely to use clean symbol for channel estimation to achieve better performance.  Hence, we propose to define the cases to verify UE’s performance for such advanced channel estimation 
Candidate value b) has not been confirmed by RAN1 yet, which depends on the RAN4’s input. Companies concern that channel estimation performance is seriously degraded if all PDCCH symbols are interfered by LTE CRS. Our understanding is that RAN4 should evaluate the performance of this scenario (All PDCCH symbols are overlapped with LTE CRS symbols) and compare the performance with candidate value a). If the performance difference is acceptable, RAN4 will not define the requirements of b) and inform RAN1 that such capability is suggested to be introduced, otherwise, RAN4 to inform RAN1 that performance of value b) is unacceptable and such capability is suggested to be dropped.
Proposal 3: RAN4 to evaluate performance of following scenarios
Scenario a): At least one PDCCH symbol is not overlapped with LTE CRS.
Scenario b): All PDCCH symbols are overlapped with LTE CRS

Proposal 4: RAN4 to define the performance requirements at least for scenario a). Regarding scenario b):
 If the performance difference between scenario a) and scenario b) is acceptable, RAN4 will not define the requirements of b) and inform RAN1 that such capability is suggested to be introduced, otherwise, RAN4 to inform RAN1 that performance of value b) is unacceptable and such capability is suggested to be dropped.

Channel estimation
As denoted above, if a UE report value a), it's most likely for the UE to perform channel estimation by using clean symbol to achieve better performance. Hence, for scenario 1, such channel estimation should be assumed for minimum requirements definition.  For scenario b), all PDCCH symbols are overlapped with LTE CRS symbols, legacy channel estimation should be assumed for minimum requirements definition purpose.
Proposal 5: RAN4 to consider following channel estimation methods
Scenario a): Time domain: Use clean symbol; Frequency domain: Regular DMRS pattern
Scenario b): Time domain: Legacy channel estimation ; Frequency domain: Regular DMRS pattern

Detailed assumption
A UE capability that UE supports recept NR PDCCH candidates overlapping with LTE CRS REs with multiple non-overlapping CRS rate matching patterns is introduced. Based on our understanding, different CRS rate matching patterns with different vShift will result in same number of interferenced PDCCH REs and DMRS REs. Therefore we don’t see the necessity to define requirements for such capability
Proposal 6: Don’t define requirements for NR PDCCH overlapping with multiple non-overlapping CRS rate matching patterns
For the PDCCH reception location, following capabilities are defined:
	Reception of NR PDCCH candidates that overlap with LTE CRS REs on the X-th symbols of an NR slot. Candidate values for X: {only 2nd symbol, 1st and 2nd symbols}


First symbol usually has LTE PCFICH and PHICH which can bring large interference to NR PDCCH, so RAN1 introduced the separate capability that UE only supporting receive PDCCH symbol overlapping with CRS symbols on 2nd symbol. For simplicity, it’s proposed to only consider scenario that PDCCH and LTE CRS are overlapped on 2nd  symbol since it’s very difficult to define the LTE interference model for 1st symbol. Meanwhile, consideing 1 and 2 CORESET symbols are typical configurations for RAN4 performance requirements definition, so we propose the following:
Proposal 7: Don’t consider the scenario that PDCCH and CRS are overlapped on the 1st symbol.
Proposal 8: Consider following CORESET configuration:
Scenario a): CORESET: 2nd and 3rd symbols, LTE: 4 CRS Ports
Scenario b): CORESET: 2nd symbol, LTE: 4 CRS Ports

Others
Based on our simulation results, the span of performance difference between scenario a) and b) for different Aggregation level is very large. So it’s proposed to cover all Aggregation levels for evaluation purpose. (Not for requirements definition purpose)
Proposal 9: RAN4 to cover all PDCCH Aggregation levels for evaluation purpose. (Not for requirements definition purpose)

Initial simulation results
We provide the initial simulation results for both scenarios as follows. The simulation assumptions are shown in Appendix.
	[image: ]
	[image: ]


Figure 2-1: BLER-SNR curve
Table 2-1: Target SNR@ 1% of BLER summary
	AL
	1
	2
	4
	8
	16

	Scenario  a) (Partial overlapping)
	15.9
	7.0
	1.5
	-2.5
	-6.0

	Scenario  b) (Full overlapping)
	N/A
	N/A
	4.9
	-1.2
	-4.1



We have following observations:
Observation 1: For scenario b), the target SNR can’t be achieved for AL1 and 2, for AL4,6,8, there 1.9dB~3.3dB performance degradation compared to scenario a)
We propose to take parameters listed in Table 5-1 as baseline for evaluation.
Proposal 10: Take parameters listed in Table 5-1 as baseline for evaluation.
PDSCH requirements 
For PDSCH requirements, we propose to reuse all parameters of Rel-15 LTE-NR coexistence test. Besides, one additional CRS pattern with vShift=1 should be configured. The proposed test parameters and test cases are captured in Table 2-1 to 2-3:
Table 2-2: Proposed test parameters for PDSCH requirements
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD, TDD

	Active DL BWP index
	
	1

	NR UL transmission with a 7.5 kHz shift to the LTE raster 
	
	true

	PDCCH configuration
	Symbols with PDCCH
	
	Symbol# 2

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	3

	
	Length (L)
	
	9 for Test 1-1
11 for Test 1-2

	
	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

	
	Position of the first DM-RS for downlink
	
	3

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CRS for rate matching1 (Note 1)
	LTE carrier centre subcarrier location
	
	Same as NR carrier centre subcarrier location

	
	LTE carrier BW
	MHz
	10 

	
	Number of antenna ports
	
	4

	
	v-shift
	
	0

	CRS for rate matching1 (Note 1)
	LTE carrier centre subcarrier location
	
	Same as NR carrier centre subcarrier location

	
	LTE carrier BW
	
	10

	
	Number of antenna ports
	
	4

	
	v-shift
	
	1

	Number of HARQ Processes
	
	4 for FDD, 8 for TDD

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2 for FDD, Specific to each TDD UL-DL pattern for TDD

	Note 1:	No MBSFN is configured on LTE carrier



Table 2-3: Proposed test cases for PDSCH TDD requirements
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition 
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-1.1 TDD
	10 / 15
	QPSK, 0.30
	FR1.15-1
	TDLA30-10
	4x2, ULA Low
	70
	TBD

	1-2
	R.PDSCH.1-1.2 TDD
	10 / 15
	QPSK, 0.30
	FR1.15-1
	TDLA30-10
	4x2, ULA Low
	70
	TBD



Table 2-4: Proposed test cases for PDSCH FDD requirements
	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)

	1-1
	R.PDSCH.1-7.1 FDD
	10 / 15
	QPSK, 0.30
	TDLA30-10
	4x2, ULA Low
	70
	TBD

	1-2
	R.PDSCH.1-7.2 FDD
	10 / 15
	QPSK, 0.30
	TDLA30-10
	4x2, ULA Low
	70
	TBD



Proposal 11: Use test parameters listed in Table 2-2 to 2-4 to define PDSCH requirements
2   Conclusion
In this meeting, we provide our views on how to define PDCCH and PDSCH requirements for Rel-18 eDSS. The observations and proposals are:
Proposal 1: RAN4 to define following demodulation requirements:
PDCCH overlapping with LTE CRS
PDSCH with two overlapping CRS rate-matching patterns configured
Proposal 2: RAN4 to define following test setup and receiver assumption:
Transmission side: TE puncture the PDCCH data and DMRS REs overlapped with LTE CRS
Receiver side: UE set the LLR corresponding to CRS REs to zero
Proposal 3: RAN4 to evaluate performance of following scenarios
Scenario a): At least one PDCCH symbol is not overlapped with LTE CRS.
Scenario b): All PDCCH symbols are overlapped with LTE CRS
Proposal 4: RAN4 to define the performance requirements at least for scenario a). Regarding scenario b):
 If the performance difference between scenario a) and scenario b) is acceptable, RAN4 will not define the requirements of b) and inform RAN1 that such capability is suggested to be introduced, otherwise, RAN4 to inform RAN1 that performance of value b) is unacceptable and such capability is suggested to be dropped.
Proposal 5: RAN4 to consider following channel estimation methods
Scenario a): Time domain: Use clean symbol; Frequency domain: regular DMRS pattern
Scenario b): Time domain: Legacy channel estimation ; Frequency domain: regular DMRS pattern
Proposal 6: Don’t define requirements for NR PDCCH overlapping with multiple non-overlapping CRS rate matching patterns
Proposal 7: Don’t consider the scenario that PDCCH and CRS are overlapped on the 1st symbol.
Proposal 8: Consider following CORESET configuration:
Scenario a): CORESET: 2nd and 3rd symbols, LTE: 4 CRS Ports
Scenario b): CORESET: 2nd symbol, LTE: 4 CRS Ports
Proposal 9: RAN4 to cover all PDCCH Aggregation levels for evaluation purpose. (Not for requirements definition purpose)
Observation 1: For scenario b), the target SNR can’t be achieved for AL1 and 2, for AL4,6,8, there 1.9dB~3.3dB performance degradation compared to scenario a)
Proposal 10: Take parameters listed in Table 5-1 as baseline for evaluation.
Proposal 11: Use test parameters listed in Table 2-2 to 2-4 to define PDSCH requirements
3   Reference
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4   Reference
Table 5-1: Simulation assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	20MHz

	LTE Bandwidth 
	20MHz

	Channel model
	TDL-C 300-100

	Correlation
	Low

	Number of BS antennas
	4Tx

	Number of UE antennas
	2 Rx

	DCI payload (excluding CRC)
	60 bits

	Interleaving
	Non-Interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBs

	CRS
	single 4 port CRS pattern

	Aggregation level
	1,2,4,8,16

	CORESET 
	Scenario a): CORESET: 2nd and 3rd symbols, LTE: 4 CRS Ports
Scenario b): CORESET: 2nd symbol, LTE: 4 CRS Ports

	Channel estimation
	Scenario a):  Use clean symbol
Scenario b): Use legacy channel estimation

	Transmitter
	DMRS REs and data REs overlapped with CRS are punctured

	Receiver
	Puncture the CRS REs

	Power ratio of LTE-CRS RE/NR PDCCH-DMRS RE
	3dB
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