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1. Introduction

The Rel-14 V2V WI [1] introduced the support of the V2V PC5 (sidelink) communication. In particular, a number of SL physical layers enhancements were made to ensure reliable operation for the V2V propagation environments. In accordance to the Rel-14 V2V WI objectives the RAN4 WG needs to specify UE demodulation requirements for the new V2V sidelink physical channels. In the previous meeting a WF on single-link V2V performance requirements and paper with V2V simulation assumptions ware agreed [2, 3]. In this contribution we provide the detailed simulation results of V2V demodulation performance for the target scenarios.
2. Simulation scenarios and assumptions
Simulation assumptions for PSSCH and PSCCH are provided in 1 and 2.

Table 1: PSSCH simulation assumptions
	Parameters
	Values

	Bandwidth
	10/20 MHz

	RB
	48/96

	MCS
	QPSK 1/6, QPSK 1/3, 16QAM 1/2

	Propagation condition
	EVA180/1000/1500/2700

	Relative time offset
	+24Ts

	Relative frequency offset
	+1200Hz

	Antenna configuration
	1x2 Low

	Soft combining
	Yes

	Synchronization
	GNSS or GNSS-equivalent

	Scenarios
	1. PSSCH 2 TTI QPSK 1/6 EVA-180 (33 km/h)

2. PSSCH 1 TTI QPSK 1/6 EVA-180 (33 km/h)

3. PSSCH 2 TTI QPSK 1/6 EVA-180 (33 km/h)

4. PSSCH 1 TTI QPSK 1/6 EVA-1000 (183 km/h)

5. PSSCH 2 TTI QPSK 1/6 EVA-1000 (183 km/h)

6. PSSCH 1 TTI QPSK 1/6 EVA-1500 (275 km/h)

7. PSSCH 2 TTI QPSK 1/6 EVA-1500 (275 km/h)

8. PSSCH 1 TTI QPSK 1/6 EVA-2700 (495 km/h)

9. PSSCH 2 TTI QPSK 1/6 EVA-2700 (495 km/h)

10. PSSCH 1 TTI QPSK 1/3 EVA-180 (33 km/h)

11. PSSCH 2 TTI QPSK 1/3 EVA-180 (33 km/h)

12. PSSCH 1 TTI QPSK 1/3 EVA-1000 (183 km/h)

13. PSSCH 2 TTI QPSK 1/3 EVA-1000 (183 km/h)

14. PSSCH 1 TTI QPSK 1/3 EVA-1500 (275 km/h)

15. PSSCH 2 TTI QPSK 1/3 EVA-1500 (275 km/h)

16. PSSCH 1 TTI QPSK 1/3 EVA-2700 (495 km/h)

17. PSSCH 2 TTI QPSK 1/3 EVA-2700 (495 km/h)

18. PSSCH 1 TTI 16QAM 1/2 EVA-180 (33 km/h)

19. PSSCH 2 TTI 16QAM 1/2 EVA-180 (33 km/h)

20. PSSCH 1 TTI 16QAM 1/2 EVA-1000 (183 km/h)

21. PSSCH 2 TTI 16QAM 1/2 EVA-1000 (183 km/h)

	CFO estimation
	Option 1: Cross DMRS

Option 2: Single DMRS


Table 2. PSCCH simulation assumptions
	Parameters
	Values

	Bandwidth
	10

	RB
	2

	Payload
	48bits

	Modulation order
	QPSK

	Propagation channel
	EVA180/1000/1500/2700

	Relative time offset
	+24Ts

	Relative frequency offset
	+1200

	Antenna configuration
	1x2 Low

	Soft-combining
	No

	Synchronization
	GNSS or GNSS-equivalent

	CFO estimation
	Option 1: Cross DMRS

Option 2: Single DMRS

	Scenarios
	1. PSCCH EVA-180 (33 km/h)

2. PSCCH EVA-1000 (183 km/h)

3. PSCCH EVA-1500 (275 km/h)

4. PSCCH EVA-2700 (495 km/h)


3. PSSCH simulation results

In this section we provide PSSCH link level results for scenarios with 10 MHz bandwidth. Results for scenarios with 20 MHz are attached in Annex. For the analysis we consider the following 4 receiver types:

1. Cross DMRS CFO estimation algorithm and Linear channel interpolation in time domain
2. Cross DMRS CFO estimation algorithm and Doppler spread conditions adaptive interpolation
3. Single DMRS CFO estimation algorithm and Linear channel interpolation in time domain
4. Single DMRS CFO estimation algorithm and Doppler spread conditions adaptive interpolation
	10MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-180 (33 km/h)
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	10MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-180 (33 km/h)
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	10MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-1000 (183 km/h)
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	10MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-1000 (183 km/h)
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	10MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-1500 (275 km/h)
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	10MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-1500 (275 km/h)
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	10MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-2700 (495 km/h)

[image: image7.emf]-8 -6 -4 -2 0 2 4 6 8

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSSCH, 6 GHz, 10MHz, QPSK, 1/6, EVA-2700Hz

CrossDMRS FOE, Linear CE

CrossDMRS FOE, MMSE CE

SingleDMRS FOE, Linear CE

SingleDMRS FOE, MMSE CE


	10MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-2700 (495 km/h)
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	10MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-180 (33 km/h)
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	10MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-180 (33 km/h)
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	10MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-1000 (183 km/h)
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	10MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-1000 (183 km/h)
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	10MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-1500 (275 km/h)
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	10MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-1500 (275 km/h)
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	10MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-2700 (495 km/h)
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	10MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-2700 (495 km/h)
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	10MHz, PSSCH, 1 TTI, 16QAM ½, EVA-180 (33 km/h)
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	10MHz, PSSCH, 2 TTI, 16QAM ½, EVA-180 (33 km/h)
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	10MHz, PSSCH, 1 TTI, 16QAM ½, EVA-1000 (183 km/h)
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	10MHz, PSSCH, 2 TTI, 16QAM ½, EVA-1000 (183 km/h)
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	Figure 1. PSSCH simulation results – 10 MHz


Observations (PSSCH):
· All considered receivers provide similar performance for the following scenarios:
· QPSK modulation and low relative UEs speed conditions (EVA-180Hz and EVA-1000Hz)
· 16QAM modulation and low relative UEs speed conditions (EVA-180Hz)

· For scenarios with rather high relative UEs speed conditions (EVA-1500Hz and EVA-2700Hz) receivers with Single DMRS CFO estimation provide significant performance improvement in comparison with receivers with Cross DMRS CFO estimation.
· Receivers with Doppler spread conditions adaptive interpolation allow to achieve same or better performance in comparison with receiver with Linear channel interpolation in time domain.
4. PSCCH simulation results

In this section we provide link level results for PSCCH performance analysis.
	PSCCH, EVA-180 (33 km/h)
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	PSCCH, EVA-1000 (183 km/h)
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	PSCCH, EVA-1500 (275 km/h)
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	PSCCH, EVA-2700 (495 km/h)
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	Figure 2. PSCCH simulation results.


Observations (PSCCH):

· For scenarios low relative UEs speed conditions (EVA-180Hz and EVA-1000Hz) all considered receivers provide similar performance.
· For scenarios with rather high relative UEs conditions (EVA-1500Hz and EVA-2700Hz) receivers with Single DMRS CFO estimation provide significant performance improvement in comparison with receivers with Cross DMRS CFO estimation.
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Annex
In Figure 3 we provide PSSCH link level results for scenarios with 20 MHz bandwidth.
	20MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-180 (33 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-180 (33 km/h)
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	20MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-1000 (183 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-1000 (183 km/h)
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	20MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-1500 (275 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-1500 (275 km/h)
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	20MHz, PSSCH, 1 TTI, QPSK 1/6, EVA-2700 (495 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/6, EVA-2700 (495 km/h)
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	20MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-180 (33 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-180 (33 km/h)
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	20MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-1000 (183 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-1000 (183 km/h)
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	20MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-1500 (275 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-1500 (275 km/h)
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	20MHz, PSSCH, 1 TTI, QPSK 1/3, EVA-2700 (495 km/h)
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	20MHz, PSSCH, 2 TTI, QPSK 1/3, EVA-2700 (495 km/h)
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	20MHz, PSSCH, 1 TTI, 16QAM ½, EVA-180 (33 km/h)
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	20MHz, PSSCH, 2 TTI, 16QAM ½, EVA-180 (33 km/h)
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	20MHz, PSSCH, 1 TTI, 16QAM ½, EVA-1000 (183 km/h)
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	20MHz, PSSCH, 2 TTI, 16QAM ½, EVA-1000 (183 km/h)

[image: image44.emf]2 4 6 8 10 12 14 16 18 20 22

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSSCH, 6 GHz, 20MHz, 16QAM, EVA-1000Hz

CrossDMRS FOE, Linear CE

CrossDMRS FOE, MMSE CE

SingleDMRS FOE, Linear CE

SingleDMRS FOE, MMSE CE



	Figure 3. PSSCH simulation results – 20 MHz.
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