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1. Introduction

The RAN4 WG needs to define the REFSENS requirements for the UEs supporting V2V communication capabilities. In order to define the corresponding RF requirements, in RAN4 #80 the simulation results for V2V PSSCH demodulation performance were collected and the tentative REFSENS requirements were defined. However, a large spread of simulation of results was observed most likely due to unaligned simulation assumptions [1]. Nevertheless, due to WI Core part completion, the -2.0 dB SNR value was tentatively agreed to be used to define the REFSENS requirements [2]. RAN4 also agreed to continue work and further evaluate and align the demodulation results for PSCCH and PSSCH based on the updated RAN1 agreements. In this paper we provide the V2V REFSENS link level results based on the recent RAN1 agreements on the PSSCH and PSCCH design (including DMRS design, PSSCH/PSCCH PSD offset, SCI size, etc.).
2. Simulation Parameters and Assumptions

In the last RAN1 meeting further agreements on the PSSCH and PSCCH physical channel design were reached and need to be taken into account for the REFSENS requirements definition:
· PSSCH DMRS design

· PSCCH DMRS design

· SCI contents agreed with 48bits payload (32 payload + 16bits CRC)
· Same subframe SA/Data transmission is supported only

· [3] dB PSD offset between PSSCH and PSSCH

The suggested simulation parameters are provide on Table 1. Comparing to the simulation assumption used in the previous meeting, the following modifications are suggested:
· Take into account upper bound ±12Ts timing and 600Hz frequency synchronization errors for the definition of the minimum performance requirements 

· Take into account SCI decoding errors on the PSSCH performance. Due to same subframe SA/Data transmission, the PSCCH performance should be taken into account.

Table 1. Simulation assumptions

	Parameter
	Value

	AGC settling time (not used for demodulation)
	QPSK: 1 symbol

	Tx EVM
	10%

	UE RRC state
	Not required for simulation purpose

	Propagation channel
	Static; H = [1 ; 1]

	Doppler spectrum
	N/A

	Timing error
	Between Sync reference and V2V Tx: ±12Ts
Between Sync reference and V2V Rx: ±12Ts (for min req-s)

	Frequency error
	Between Sync reference and V2V Tx: +600 Hz

Between Sync reference and V2V Rx: -600 Hz (for min req-s)

	PSSCH
	No retransmissions

	PSCCH
	Same subframe PSCCH and PSSCH transmission

PSCCH error implies PSSCH error

48 bit SCI payload (32+16CRC)
[3] dB PSD offset between PSSCH and PSSCCH

	Performance metric
	PSSCH SNR @ 5 % BLER


The PSSCH fixed reference measurement channel is provided in Table 2 based on the last meeting agreements:
Table 2. V2V PSSCH fixed reference measurement channel

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	
	48
	
	96

	Subcarriers per resource block
	
	
	
	
	12
	
	12

	Packets per period
	
	
	
	
	1
	
	1

	Modulation
	
	
	
	
	QPSK
	
	QPSK

	Target Coding Rate
	
	
	
	
	1/3
	
	1/3

	Transport Block Size
	
	
	
	
	3496
	
	6968

	Transport block CRC
	Bits
	
	
	
	24
	
	24

	Number of Code Blocks per Sub-Frame
	
	
	
	
	1
	
	2

	Maximum number of HARQ transmissions
	
	
	
	
	1
	
	1

	Binary Channel Bits per subframe
	Bits
	
	
	
	11520
	
	23040

	Max. Throughput averaged over 1 period of 100ms
	kbps
	
	
	
	34.96
	
	69.68

	UE Category
	
	
	
	
	≥ 1
	
	≥ 1

	Note 1: 
2RBs allocated to SA transmission and 4 symbols allocated to RS.

Note 2: 
Throughput (in kbps) will depend on SA period configuration.

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


3. Simulation Results

In Figure 1 and Figure 2 we present the PSCCH and PSSCH link level simulation results for two scenarios:

· Without TFO: Time offset = 0 ms. Frequency offset = 0 Hz. TFO estimation is disabled.
· With TFO: Time offset = 12 Ts. Frequency offset = 600 Hz. TFO estimation is enabled.
The simulation results are provided for:

· PSCCH demodulation performance
· PSSCH demodulation performance without taking into account SCI decoding errors
· PSSCH demodulation performance taking into account SCI decoding errors
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	Figure 1. PSCCH demodulation simulation results
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	20 MHz
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	Figure 2. PSSCH demodulation simulation results


In Table 3 we provide the summary of the PSCCH and PSSCH demodulation performance results for the case of enabled practical TFO estimation/compensations.

Table 3. V2V REFSENS results summary

	Bandwidth
	PSCCH SNR @ 1% BLER
	PSSCH SNR @ 5% BLER 
(without SCI errors)
	PSSCH SNR @ 5% BLER 
(with SCI errors)

	10 MHz
	-7.2
	-1.4
	-1.4

	20 MHz
	-7.2
	-1.4
	-1.4


The results indicate that the PSSCH decoding performance is not affected by the PSCCH decoding errors. Therefore, the SCI decoding errors can be ignored.
4. Conclusions

In this contribution, we have provided our link level simulation results for the V2V REFSENS RMC demodulation performance.

The Excel spreadsheet with the performance analysis summary is attached below.
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Simulation Assumption

		Simulation assumptions for V2V REFSENS

		Parameter		Value

		AGC settling time 
(not used for demodulation)		QPSK: 1 symbol

		Tx EVM		10%

		UE RRC state		Not required for simulation purpose

		Propagation channel		Static; H = [1 ; 1]

		Doppler spectrum		N/A

		Timing error1 
(Sync reference and V2V Tx)		[±12Ts]

		Frequency error1
(Sync reference and V2V Tx)		±[600]Hz

		HARQ retransmissions		[0]

		Soft-combining		N/A

		SA Joint decoding		[Not required for simulation purpose]

		Performance metric		SNR @ 5 % [BLER]/[Throughput]

		Note 1: Consider realistic Frequency/Timing offset estimation and compensation





RMC

		PSSCH RMC for V2V REFSENS

		Parameter		Unit		Value

		Channel bandwidth		MHz		1.4		3		5		10		15		20

		Allocated resource blocks										48				96

		Subcarriers per resource block										12				12

		Packets per SA period										1				1

		Modulation										QPSK				QPSK

		Target Coding Rate										1/3				1/3

		Transport Block Size										3496				6968

		Transport block CRC		Bits								24				24

		Number of Code Blocks per Sub-Frame										1				2

		Maximum number of HARQ transmissions										1				1

		Binary Channel Bits per subframe		Bits								11520				23040

		Max. Throughput averaged over 1 SA
period of 100ms		kbps								34.96				69.68

		UE Category										≥ 1				≥ 1

		Note 1:      2RBs allocated to SA transmission and 4 symbols allocated to RS.
Note 2:      Throughput (in kbps) will depend on SA period configuration.
Note 3:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

		PSCCH RMC for SA Joint decoding of V2V REFSENS

		Parameter		Unit		Value

		Channel bandwidth		MHz		1.4		3		5		10		15		20

		Allocated resource blocks										2				2

		Subcarriers per resource block										12				12

		DFT-OFDM Symbols per subframe (Note 1)										9				9

		Modulation										QPSK				QPSK

		Transport Block Size										32				32

		Transport block CRC		Bits								16				16

		Maximum number of HARQ transmissions										1				1

		Binary Channel Bits (Note 1)		Bits								432				432

		Max. Throughput averaged over one sc-
period (bits/sc-period)		kbps								32				32

		NOTE 1:  PSCCH transmissions are rate-matched for 10 DFT-OFDM symbols per subframe, and the last symbol shall be punctured as per TS 36.211.





10 MHz

				(a) Without TF offset																				(b) With TF offset w/ realistic estimation and correction

				CINR [dB]		Company 1		Company 2		Intel		Company 3		Company 4		Company 5								CINR [dB]		Company 1		Company 2		Intel		Company 3		Company 4		Company 5

				-5						1														-5						1

				-4.75						1														-4.75						1

				-4.5						1														-4.5						1

				-4.25						1														-4.25						1

				-4						1														-4						1

				-3.75						1														-3.75						1

				-3.5						1														-3.5						1

				-3.25						1														-3.25						1

				-3						1														-3						1

				-2.75						1														-2.75						1

				-2.5						1														-2.5						1

				-2.25						0.994														-2.25						1

				-2						0.835														-2						0.99

				-1.75						0.199														-1.75						0.709

				-1.5						0.006														-1.5						0.144

				-1.25																				-1.25						0.004

				-1																				-1

				-0.75																				-0.75

				-0.5																				-0.5

				-0.25																				-0.25

				0																				0

				0.25																				0.25

				0.5																				0.5

				0.75																				0.75

				BLER alignment results								BLER				5%

						Company 1		Company 2		Intel		Company 3		Company 4		Company 5		0		0		STD		SPAN		AVE

				(a)		0.00		0.00		-1.65		0.00		0.00		0.00						0.00		0.00		-1.65

				(b)		0.00		0.00		-1.43		0.00		0.00		0.00						0.00		0.00		-1.43





10 MHz
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(a) Without TF offset



20 MHz

		



Company 1

Company 2

Intel

Company 3

Company 4

Company 5

CINR [dB]

BLER
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PSCCH

				(a) Without TF offset																				(b) With TF offset w/ realistic estimation and correction

				CINR [dB]		Company 1		Company 2		Intel		Company 3		Company 4		Company 5								CINR [dB]		Company 1		Company 2		Intel		Company 3		Company 4		Company 5

				-5						1														-5						1

				-4.75						1														-4.75						1

				-4.5						1														-4.5						1

				-4.25						1														-4.25						1

				-4						1														-4						1

				-3.75						1														-3.75						1

				-3.5						1														-3.5						1

				-3.25						1														-3.25						1

				-3						1														-3						1

				-2.75						1														-2.75						1

				-2.5						1														-2.5						1

				-2.25						1														-2.25						1

				-2						0.979														-2						1

				-1.75						0.36														-1.75						0.936

				-1.5						0.005														-1.5						0.285

				-1.25																				-1.25						0.013

				-1																				-1

				-0.75																				-0.75

				-0.5																				-0.5

				-0.25																				-0.25

				0																				0

				0.25																				0.25

				0.5																				0.5

				0.75																				0.75

				BLER alignment results								BLER				5%

						Company 1		Huawei		Intel		Company 3		Company 4		Company 5		0		0		STD		SPAN		AVE

				(a)		0.00		0.00		-1.63		0.00		0.00		0.00						0.00		0.00		-1.63

				(b)		0.00		0.00		-1.36		0.00		0.00		0.00						0.00		0.00		-1.36
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				(a) Without TF offset																				(b) With TF offset w/ realistic estimation and correction

				CINR [dB]		Company 1		Company 2		Intel		Company 3		Company 4		Company 5								CINR [dB]		Company 1		Company 2		Intel		Company 3		Company 4		Company 5

				-8						0.82275														-8						0.8875

				-7.75						0.75975														-7.75						0.8295

				-7.5						0.68875														-7.5						0.768

				-7.25						0.596														-7.25						0.6815

				-7						0.50325														-7						0.61

				-6.75						0.4065														-6.75						0.52

				-6.5						0.31175														-6.5						0.43425

				-6.25						0.224														-6.25						0.336

				-6						0.157														-6						0.255

				-5.75						0.108														-5.75						0.18975

				-5.5						0.0675														-5.5						0.1235

				-5.25						0.04														-5.25						0.08825

				-5						0.02275														-5						0.05425

				-4.75						0.0145														-4.75						0.031

				-4.5						0.005														-4.5						0.017

				-4.25																				-4.25						0.01075

				-4																				-4						0.006

				-3.75																				-3.75

				-3.5																				-3.5

				-3.25																				-3.25

				-3																				-3

				-2.75																				-2.75

				-2.5																				-2.5

				-2.25																				-2.25

				BLER alignment results								BLER				1%

						Company 1		Company 2		Intel		Company 3		Company 4		Company 5		0		0		STD		SPAN		AVE

				(a)		0.00		0.00		-4.66						0.00						0.00		0.00		-4.66

				(b)		0.00		0.00		-4.22						0.00						0.00		0.00		-4.22
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