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Introduction
In this contribution, we provide our views on the demodulation test cases to define performance requirements. 

Discussion
Work scope
Based on work plan [1], RAN4 needs to discuss work scope which V2X performance tests should be defined. Three performance parts could be categorized as follows:
· Basic channel demodulation performance tests
· Functional demodulation performance tests
· CSI performance tests 
 
Detail test cases for each category could be listed as following Table.

Table 1 NR V2X performance test case list
	Category of Performance tests
	Detail test cases

	Basic demodulation performance
	· PSSCH demodulation
· PSCCH demodulation
· PSBCH demodulation
· PSFCH demodulation
· 2nd stage SCI demodulation

	Functional demodulation performance
	· Power imbalance performance with two links
· Soft buffer test
· PSCCH/PSSCH decoding capability test

	CSI performance
	· CQI reporting
· RI reporting



Basic demodulation performance
· PSSCH demodulation performance 
· NR V2X supports 64QAM modulation as mandatory and 256QAM modulation as optional. Therefore, PSSCH modulation performance requirements with 64QAM should be considered.
· In LTE V2X demodulation performance, 500km/h relative velocity has been considered based on LTE V2X WID, so the performance requirements has been defined using 2700Hz Doppler frequency. For NR V2X, RAN4 needs to discuss whether or not to verify demodulation performance to support high speed as 500km/h relative velocity.
· The synchronization sources for NR V2X could be GNSS, gNB/eNB, and SyncRef UE. To verify demodulation performance according to synchronization sources, GNSS and gNB synchronization based performance requirements should be defined.
· PSCCH demodulation performance
· The number of PSCCH symbols can be configured per resource pool among 2 and 3 symbols, and the number of PSCCH PRB can be configured among {10, 12, 15, 20, 25} PRBs. To verify PSCCH performance, one PSCCH configuration for the number of symbol and PRB is enough, e.g., 3 symbols and 10 PRBs for 10MHz bandwidth.
· PSBCH demodulation performance
· PSBCH demodulation performance should be defined considering S-SSB slot with normal CP.
· PSFCH demodulation performance
· There are two SL-HARQ-ACK feedback options; NACK only feedback and ACK/NACK feedback. RAN4 needs to discuss whether the performance requirements for both feedback options are defined or not.
· 2nd stage SCI demodulation performance 
· Two-stage SCI is supported for NR V2X. Unlike 1st stage SCI in PSCCH, 2nd stage SCI is decoded by using PSSCH DMRS, and polar coding used for PDCCH is applied, so new performance requirement for 2nd stage SCI should be defined.

Functional demodulation performance
· Power imbalance performance with two links
· To verify demodulation performance when receiving PSSCH from two sidelink UEs with power imbalance in one subframe like LTE V2X, power imbalance performance requirement should be taken into account even in NR V2X.
· Soft buffer test
· RAN1 does not yet define the maximum number of bits supported by NR V2X. RAN4 can consider two approaches; 
· Alt1. RAN4 can define the performance requirement for this after RAN1 defines the maximum number of bits. 
· Alt2. RAN4 can define the performance requirement using 64QAM with certain coding rate in 40MHz channel bandwidth.
· PSCCH/PSSCH decoding capability test
· By RAN1 agreements, UE can receive X PSCCH in a slot, and UE can attempt to decode Y= NRB non-overlapping RBs per slot. NRB is the number of RBs defined per channel bandwidth, and X is {floor(NRB/10), 2*floor(NRB/10)}RBs. Depending on capability, UE can support floor(NRB/10) and/or 2*floor(NRB/10) for PSCCH reception in a slot. Therefore, the performance requirements for two maximum number of sidelink processes for X values should be defined.

CSI performance
In NR V2X, CSI reporting for CSI-RS is introduced. V2X UE should calculate CSI parameters such as CQI and RI. To verify the CSI performance, aperiodic wideband CQI and RI performance requirements should be defined.


· Proposal 1: Introduce performance requirements listed in Table 1 for NR V2X.

Work split for performance tests
Based on above three categories of V2X performance, we propose work split of V2X performance part for simulation results collection and draft CR.
	Category of performance part
	Detail test cases
	Volunteer company
	note

	Basic demodulation performance
	· PSSCH demodulation
· PSCCH demodulation
· PSBCH demodulation
· PSFCH demodulation
· 2nd stage SCI demodulation
	
	Volunteer company responsibility : 
· Collect simulation results
· Submit draft CR 

	Functional demodulation performance
	· Power imbalance performance with two links
· Soft buffer test
· PSCCH/PSSCH decoding capability test
	
	

	CSI reporting performance
	· CQI reporting
· RI reporting
	
	



· Proposal 2: Companies are encourage to apply volunteer for work split.

Initial simulation assumption for basic performance tests
In this section, we provide initial simulation assumption for basic performance tests in Table1. RAN4 can discuss simulation assumptions for NR V2X demodulation and CSI performance test with Table 2~6 as starting point.

· Proposal 3: discuss and finalize initial simulation assumptions with test cases in Table 1 to provide initial simulation results for next RAN4 meeting

Table 2 Simulation assumption for PSSCH demodulation performance
	Parameters
	Unit
	Value

	Test
	
	SCH_Test1
	SCH_Test2
	SCH_Test3
	SCH_Test4

	Synchronization source
	
	GNSS
	GNSS
	GNSS
	gNB

	Propagation condition
	
	TDLC300-1400
	TDLC300-1400
	TDLC300-180
	TDLC300-180

	Channel bandwidth
	MHz
	10
	20
	40
	10

	Allocated resource blocks
	
	24
	50
	105
	50

	Subcarrier spacing
	kHz
	30
	30
	30
	15

	CP-OFDM symbols per slot (Note 1)
	
	12
	12
	12
	12

	The number of DMRS symbols
	
	4
	4
	3
	2

	Modulation order
	
	QPSK
	16QAM
	64QAM
	QPSK

	MCS index
	
	4
	11
	17
	4

	The number of REs for 2nd stage SCI
	
	240
	198
	174
	240

	Transport Block Size
	Bits
	1416
	8064
	32776
	3624

	Transport block CRC
	bits
	24
	24
	24
	24

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1

	Binary Channel Bits (Note 2)
	Bits
	4680
	22008
	76536
	12000

	Note 1: OFDM symbols is for PSCCH/PSSCH transmission without first symbol for AGC, and there is no PSFCH resource.
Note 2: 10 RBs and 3 symbols are allocated for PSCCH, and 2nd stage SCI is allocated



Table 3 Simulation assumption for PSCCH demodulation performance
	Parameters
	Unit
	Value

	Test
	
	CCH_Test1

	Synchronization source
	
	GNSS

	Propagation condition
	
	TDLC300-1400

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	10

	Subcarrier spacing
	kHz
	30

	The number of PSCCH symbols
	
	3

	Modulation order
	
	QPSK

	Transport Block Size (without CRC)
	Bits
	40

	Transport block CRC
	bits
	24

	Binary Channel Bits
	Bits
	540



Table 4 Simulation assumption for PSBCH demodulation performance
	Parameters
	Unit
	Value

	Test
	
	BCH_Test1

	Synchronization source
	
	S-SSB

	Propagation condition
	
	TDLC300-1400

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	11

	Subcarrier spacing
	kHz
	30

	The number of symbols (Note 1)
	
	8

	Modulation order
	
	QPSK

	Transport Block Size (without CRC)
	Bits
	32

	Transport block CRC
	bits
	24

	Binary Channel Bits
	Bits
	1782

	Note 1: The first symbol is excluded.



Table 5 Simulation assumption for PSFCH demodulation performance
	Parameters
	Unit
	Value

	Test
	
	FCH_Test1

	Synchronization source
	
	GNSS

	Propagation condition
	
	TDLC300-180

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	1

	Subcarrier spacing
	kHz
	30

	The number of PSFCH symbols
	
	2

	PSFCH period
	Slot
	1

	Cyclic shift pair index
	
	6

	Minimum time gap for PSFCH
	Slot 
	2

	Note 1: ACK/NACK transmission for single UE is considered



Table 6 Simulation assumption for 2nd stage SCI demodulation performance
	Parameters
	Unit
	Value

	Test
	
	SCH_Test1

	Synchronization source
	
	GNSS

	Propagation condition
	
	TDLC300-180

	Channel bandwidth
	MHz
	10

	PSSCH
	Allocated resource blocks
	
	24

	
	Subcarrier spacing
	kHz
	30

	
	CP-OFDM symbols per slot (Note 1)
	
	12

	
	The number of DMRS symbols
	
	4

	
	Modulation order
	
	QPSK

	
	MCS index
	
	4

	2nd stage SCI
	The number of REs for 2nd stage SCI
	
	240

	
	Modulation order
	
	QPSK

	
	Transport Block Size (without CRC)
	Bits
	48

	
	Transport block CRC
	bits
	24

	
	Binary Channel Bits 
	Bits
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	Note 1: OFDM symbols is for PSCCH/PSSCH transmission without first symbol for AGC, and there is no PSFCH resource.




Conclusion 
In this contribution, we provide our views on the demodulation test cases to define performance requirements and initial simulation assumptions for some test cases. We propose
· Proposal 1: Introduce performance requirements listed in Table 1 for NR V2X.
Table 1 NR V2X performance test case list
	Category of Performance tests
	Detail test cases

	Basic demodulation performance
	· PSSCH demodulation
· PSCCH demodulation
· PSBCH demodulation
· PSFCH demodulation
· 2nd stage SCI demodulation

	Functional demodulation performance
	· Power imbalance performance with two links
· Soft buffer test
· PSCCH/PSSCH decoding capability test

	CSI performance
	· CQI reporting
· RI reporting



· Proposal 2: Companies are encourage to apply volunteer for work split.
	Category of performance part
	Detail test cases
	Volunteer company
	note

	Basic demodulation performance
	· PSSCH demodulation
· PSCCH demodulation
· PSBCH demodulation
· PSFCH demodulation
· 2nd stage SCI demodulation
	
	Volunteer company responsibility : 
· Collect simulation results
· Submit draft CR 

	Functional demodulation performance
	· Power imbalance performance with two links
· Soft buffer test
· PSCCH/PSSCH decoding capability test
	
	

	CSI reporting performance
	· CQI reporting
· RI reporting
	
	



· Proposal 3: discuss and finalize initial simulation assumptions with test cases in Table 1 to provide initial simulation results for next RAN4 meeting
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