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Introduction
In this discussion paper, we provide our view on the scope and simulation assumptions for NR V2X demod requirement
Discussion
Requirement scope and applicability rule
Based on LTE demod requirement scope, we propose the following requirement and applicability rule based on UE capability [1]:
	Requirement
	Applicable if UE supports the following capability

	PSCCH and PSSCH demodulation without 256QAM reception capability
	UE with support of Receiving NR sidelink 

	PSSCH and PSCCH decoding capability  
	UE with support of Receiving NR sidelink 

	PSSCH demodulation with 256QAM reception capability
	UE with support of receiving 256QAM, the 64QAM demod test can be skipped if UE fulfills this requirement

	PSBCH demod
	UE can receive S-SSB in NR sidelink

	Demod for gNB as synchronization source
	UE can transmit or receive NR sidelink based on the synchronization to an gNB

	SDR
	UE supporting concurrent operation band for NR Uu and NR SL

	HARQ soft combining test
	UE with support of Receiving NR sidelink but not concurrent operation for NR Uu and NR SL

	PSFCH detection
	UE with support of Receiving NR sidelink
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The above list most follows LTE V2X demod requirement, and we explain the difference below:
1. The soft buffer test is replaced by HARQ soft combining test. This is following NR Uu change compared to LTE, since the UE capability is specified in terms of number of HARQ process, the requirement is modified accordingly.
2. Since 256QAM transmission is an optional capability, to align transmission and reception capabilities, we propose to set 256QAM reception as an optional capability. 256QAM is mostly applied in unicast and group-cast scenarios instead of broadcast safety information, in which packet size is small and requires high reliability, hence making it optional provides more flexibility for UE implementation selection without impact network operation feasibility. Given that 256QAM reception is optional capability, a separate demod test is proposed for 256QAM.  
Proposal 1: Replace soft buffer test by HARQ buffer soft combining test, following NR Uu.
Proposal 2: 256QAM reception is an optional UE capability.
Proposal 3: Adapt applicability rule for demod requirement as Table 2‑1.   
General setting for demod requirement
Since 30kHz is mandatory for NR-V2X, we propose to configure 30kHz SCS with 40MHz BW for all the demod tests. 14 symbols are configured for all the tests. In practice, UE typically use one subchannel per transmission and small subchannel size to accommodate more UEs, hence we propose 10RB allocation for demod test unless specified otherwise. 
Since there are high speed scenarios to be tested, high speed with large delay spread is not feasible for maintaining a link with good quality, hence among the options listed in 38.101-4 B.2.1.1, we propose to use TDL-A 30ns. Doppler spread is determined in each test separately depending on the scenario considered. 
Proposal 4: Common demod test configurations are listed in the following table (subject to change for any specific tests)
	Bandwidth
	40MHz

	SCS
	30kHz

	Allocation size
	10RB

	Propagation condition
	TDL-A 30ns in 38.101-4 B.2.1.1


Table 2‑2 Common demod test configurations
PSSCH demod test 
In LTE, there are two categories of requirement: low speed with high MCS, and high speed with low MCS. For NR, we follow this methodology to propose the following simulation assumptions for 3 tests: low speed 64QAM, low speed 256QAM, high speed QPSK. Note that 256QAM is applicable only to UE supports 256QAM reception, and if UE passed 256QAM low speed test, the 64QAM low speed test doesn’t apply to this UE. Simulation results presented below the table show that 10% BLER can be achieved within reasonable SNR range.

	Test num.
	Bandwidth /SCS
	PSSCH Reference channel
	Propagation condition
	Number of DMRS
	PSSCH BLER (%)
	Antenna configuration
	 PSFCH

	1
	40MHz/30kHz
	64QAM, 0.5 (MCS 21), 10RB
	TDL-A 30ns 30kmph (162Hz)
	2
	10
	1x2 Low
	Not configured

	2
	40MHz/30kHz
	QPSK,  0.4 (MCS 5), 10RB 
	TDL-A 30ns 500kmph (2700Hz) 
	4
	
	
	

	3
	40MHz/30kHz 
	256QAM, 0.67 (MCS 20), 10RB
	TDL-A 30ns 30kmph (162Hz)
	2
	
	
	

	Note: timing offset = CP/2-12Ts, frequency offset = 600Hz
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Figure 2‑1 PSSCH demod performance with 64QAM MCS table
 
Figure 2‑2 PSSCH demod in high speed with 64QAM MCS table
 

Figure 2‑3 PSSCH demod with 256QAM MCS table

For PSSCH demod with gNB as synchronization source test, we propose the following simulation assumption based on LTE counterpart:
	Bandwidth/SCS
	PSSCH Reference channel
	Propagation condition
	Number of DMRS
	Timing and frequency offset
	PSSCH BLER (%)
	Antenna configuration
	 PSFCH

	40MHz/30kHz
	QPSK,  0.3 (MCS 4), 10RB
	TDL-A 30ns 30kmph 
2 DMRS (162Hz)
	2
	CP/2-24Ts, 1300Hz
	10
 
	1x2 Low
	Not configured
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Proposal 5: Use Table 2‑3 and Table 2‑4 as PSSCH demod simulation assumptions.
PSCCH and PSBCH demodulation test
Following LTE test setting, we propose simulation assumption for PSCCH and PSBCH decoding tests in the following:
PSCCH:
	Bandwidth /SCS
	PSCCH Reference channel
	Propagation condition
	Probability of missed PSCCH (%)
	Antenna configuration

	40MHz/30kHz
	2 symbol, 10 RB, SCI-1 payload length 28 bits
	TDL-A 30ns 250kmph (1350Hz)
	1
 
	1x2 Low

	Note: timing offset = CP/2-12Ts, frequency offset = 600Hz
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Note that SCI-1 payload size is calculated from the following table, to align with PSSCH demod test. Simulation results presented below the table show that 10% BLER can be achieved within reasonable SNR range.
	Field
	Number of bits
	

	Priority
	3
	

	Frequency resource assignment
	6 
	#subchannel = 10, max num reserve = 2

	Time resource assignment
	5
	max num reserve = 2

	Resource reservation period
	0
	Multi reserve resource is not configured

	DMRS pattern
	2
	14 symbols, 3 DMRS pattern

	2nd stage SCI format
	2
	

	Beta offset indicator
	2
	

	Number of DMRS ports
	1
	

	MCS
	5
	

	Reserved
	2
	NumReserveBits = 2

	Total
	28
	



Figure 2‑4 PSCCH simulation results

PSBCH:
	Bandwidth /SCS
	PSBCH Reference channel
	Propagation condition
	Probability of missed PSBCH (%)
	Antenna configuration

	40MHz/30kHz
	8 symbols, 40bits payload
	TDL-A 30ns 30kmph (162Hz)
	1
	1x2 Low
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Proposal 6: Use Table 2‑5 and Table 2‑6 as PSCCH and PSBCH demod simulation assumptions.
HARQ soft combining test
The following HARQ soft combining test is defined for NR Uu:
	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)

	1-4
	R.PDSCH.1-2.1 FDD
	10 / 15
	16QAM, 0.48
	TDLC300-100
	2x2, ULA Low
	30
	1.1


Table 2‑7 NR Uu HARQ soft combining test
Following the MCS used in NR Uu HARQ soft combining test, we propose the following simulation assumption for V2X, and number of HARQ process depends on UE capability:
	Bandwidth /SCS
	Modulation format and code rate
	Propagation condition
	PSSCH BLER
	Antenna configuration
	 PSFCH

	 40MHz/30kHz
	16QAM, 0.5 (MCS 13), 10RB
	AWGN
	5%
 
	1x2 Low
	Not configured
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Since the purpose of this test is to verify how many HARQ process UE can support, PSFCH is not configured in this test and TE blindly retransmit all the TBs regardless of successful decoding or not. To verify that UE perform recombining on the number of HARQ process it claims to support, the propagation condition and target (overall) BLER should be chosen so that most of the TBs fail first Tx and passes the ReTx. Instead of using 30% throughput as reference condition and fading propagation condition designed for unicast in NR Uu, we propose to use LTE settings, AWGN and 5% BLER, as a starting point, and adjustment can be made based on simulation results. With AWGN, channel is flat in frequency, hence we expect uniform average BLER across all RBs with high probability. Channel is also flat in time domain, HARQ combining with ReTx is likely to get around 3dB gain, hence with small but non-zero BLER, we expect first Tx to fail uniformly, and ReTx pass with high probability.
Number of active SL UEs is determined by the number of HARQ process UE can support, the active SL UE configuration (besides BW, SCS, RB allocation and MCS) is in the following table:
	Parameter
	Unit
	Test 1
	Test 2

	Active Sidelink UE(s)
	
	Sidelink UE i, 0 ≤ i ≤ n (Note 4)

	Sidelink UE i,
0 ≤ i ≤ n
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	Time gap between initial transmission and retransmission
	Subframe
	n (Note 4)

	
	Timing offset (Note 1)
	s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Synchronization source
	
	GNSS or GNSS-equivalent

	
	Antenna configuration
	
	1x2

	Note 1:	Time offset of Sidelink UE receive signal with respect to GNSS reference timing.
Note 2:	Frequency offset of Sidelink UE with respect to GNSS reference frequency.
Note 3:	15 sidelink UEs should transmit one by one circularly for every subframe.
Note 4:      n is the number of HARQ process UE can support
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Proposal 7: Use Table 2‑8 and Table 2‑9 as simulation assumptions for HARQ buffer soft combining test.
PSCCH and PSSCH decoding capability and SDR
For the decoding capability test, LTE test setting can be applied to NR with appropriate modifications as below. Reference condition for this test is PSCCH BLER <=1% 
	Parameter
	Unit
	

	Communication resource pool configuration
	 
	Single Rx pool
10 subchannels, 10RB subchannel size

	Sidelink UE i,
0 ≤ i ≤ 9 (Note 4)
	Sidelink Transmissions
	 
	PSCCH + PSSCH

	
	Timing offset (Note 1)
	s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Synchronization source
	 
	GNSS or GNSS-equivalent

	
	Propagation Channel
	 
	Static propagation condition
No external noise sources are applied

	
	Antenna configuration
	 
	1x2

	
	PSSCH RMC
	 
	QPSK,  0.3 (MCS 4), 10RB

	
	PSCCH RMC
	
	The same as PSCCH decoding

	Note 1:	Time offset of Sidelink UE receive signal with respect to GNSS reference timing.
Note 2:	Frequency offset of Sidelink UE with respect to GNSS reference frequency.
Note 3:	Cyclic shift for PSCCH DMRS is randomly selected between {0, 4, 8} for each PSCCH transmission.
Note 4:     Each UE occupies one subchannel, hence all the subchannels are filled by the 10 active SL UEs. 
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Note that peak MCS is used in PSSCH RMC, since soft buffer test (with high MCS) is replaced by HARQ buffer soft combining test with mid MCS. 
For sustained data rate test applying to UE supports concurrent NR SL and NR Uu operation, the NR SL configuration follows Table 2‑10, and NR Uu configuration follows clause 5.5.1 in 38.101-4.
Proposal 8: Use Table 2‑10 as simulation assumption for PSCCH and PSSCH decoding capability test.
PSFCH detection requirement
Since PSFCH signal is designed based on PUCCH format 0, we propose the following simulation assumptions based on NR Uu. Note that we propose to have 2 cyclic shift on the same RB, to test UE’s ability to detect overlapping PSFCH.
	Parameter
	

	Number of information bits
	1

	Number of PRBs
	1

	Number of cyclic shift pairs
	2

	PSFCH period
	1

	MinTimeGapPSFCH
	2 

	Hopping ID
	0

	Propagation condition
	TDL-A 30ns 30kmph (162Hz)

	Antenna configuration
	1x2 Low
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Proposal 9: Use Table 2‑11 as simulation assumption for PSFCH detection.
Conclusions
Proposal 1: Replace soft buffer test by HARQ buffer soft combining test, following NR Uu.
Proposal 2: 256QAM reception is an optional UE capability.
Proposal 3: Adapt applicability rule for demod requirement as Table 2‑1.   
Proposal 4: Common demod test configurations are listed in the following table (subject to change for any specific tests)
	Bandwidth
	40MHz

	SCS
	30kHz

	Allocation size
	10RB

	Propagation condition
	TDL-A 30ns in 38.101-4 B.2.1.1


Proposal 5: Use Table 2‑3 and Table 2‑4 as PSSCH demod simulation assumptions.
Proposal 6: Use Table 2‑5 and Table 2‑6 as PSCCH and PSBCH demod simulation assumptions.
Proposal 7: Use Table 2‑8 and Table 2‑9 as simulation assumptions for HARQ buffer soft combining test.
Proposal 8: Use Table 2‑10 as simulation assumption for PSCCH and PSSCH decoding capability test.
Proposal 9: Use Table 2‑11 as simulation assumption for PSFCH detection.
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