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Introduction
In RAN1 #84 meeting, the following agreements and conclusion are listed:
Agreements:
· Adopt DMRS location option 1 for PSCCH/PSSCH for V2V
· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length
· Note: 30 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: 15 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: only one subcarrier spacing and one TTI length will be supported in V2V
Conclusion:
· Continue performance evaluations with following additional assumptions until the next meeting
· At least 1 micro sec timing error
· 1 PRB 
· 15 kHz and 30 kHz subcarrier spacing to confirm WA in the next meeting
· Companies can consider RAN4 response LS related to Doppler shift parameter
Furthermore, the following revision is decided in RAN #71 meeting:
· The outcome of this work item should be able to support a relative speed of up to 500km/h with enhancements/changes (if necessary) to the physical layer structure designed for the relative speed up to 280km/h.
In the previous meetings, enhancement on DMRS are discussed including both the 4 options listed in RAN1 #83 meeting and other enhancements e.g. comb or horizontal DMRS. DMRS option 1 is agreed in RAN1 #84 meeting but comb is discussed as further enhancement. In addition, with the requirement of supporting relative speed up to 500km/h, the performance of DMRS option 1 needs to be reconsidered. This contribution provides link level simulation of some possible DMRS structures.
Discussion
Background
On the basis of DMRS option 1 agreed in RAN1 #84 meeting, comb DMRS is discussed since the effect of inaccuracy of timing offset estimation in legacy structure on BLER performance. In this contribution the comparison between legacy DMRS and comb is shown for PSCCH/PSSCH.
Furthermore, since the maximum relative speed increases from 280km/h to 500km/h, the shortest coherence time correspondingly drops to ~0.15ms, which is lower than the DMRS interval of 0.21ms in DMRS option 1, resulting in significant performance degradation. Therefore for the purpose of supporting relative speed up to 500km/h, the DMRS structure needs to be further enhanced. Horizontal DMRS pattern for PSCCH/PSSCH are discussed in this contribution to enhance the robustness under high speed.
DMRS for PSCCH and PSSCH
In this section the link level performance of DMRS option 1, DMRS option 1 with comb and horizontal DMRS for PSCCH and PSSCH as shown in Figure 1 are discussed. The horizontal DMRS patterns including 4H and 2H are uniformly distributed in frequency domain. Both 60bit SA message and 190byte data message are simulated. Detailed simulation parameters are listed in the Appendix.


Figure 1 DMRS structures for PSCCH/PSSCH
Figure 2 illustrates the BLER performance of above DMRS structures with relative speed 280km/h and 500km/h. It can be seen that in the 280km/h scenario, for 60bit SA messages, the BLER performance of legacy DMRS option 1 is obviously worse than of other three structures since the short bandwidth of SA leads to inaccuracy to timing offset estimation. For 190byte data messages, there are error floor shown in the BLER performance of legacy DMRS option 1 though timing offset estimation is relative accurate, and 2 horizontal DMRS performs badly due to its low frequency domain density. DMRS option 1 with comb is slightly better than 4 horizontal DMRS. As a conclusion, both DMRS option 1 with comb and 4 horizontal DMRS can be considered with relative speed up to 280km/h. The shortcoming of horizontal DMRS is the increasing PAPR.
Observation 1: DMRS option 1 with comb and 4 horizontal DMRS can be used for PSCCH and PSSCH with the relative speed up to 280km/h. DMRS option 1 with comb is more recommended.
However in the 500km/h scenario, for both SA and data messages the BLER performance of DMRS option 1 and DMRS option 1 with comb deteriorate significantly due to the relative large DMRS interval compared to the short channel coherence time under high speed. On the other hand 4H and 2H DMRS are relatively robust since the DMRS sequences spread over entire time domain. Timing offset affects performance of 4H and 2H, especially for 2H with high bandwidth. Therefore 4 horizontal DMRS structure is recommended for PSCCH and PSSCH at the expense of higher PAPR.
Observation 2: DMRS option 1 and DMRS option 1 with comb are unable to support the 500km/h relative speed. With effect of timing offset, the performance of 2H deteriorates obviously.
Proposal 1: With the relative speed up to 280km/h, DMRS option 1 with comb should be used for PSCCH and PSSCH. Otherwise with 500km/h relative speed 4 horizontal DMRS structure can be considered.
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(a) Freeway, 280km/h
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(b) Freeway, 500km/h
Figure 2 BLER performances for PSCCH/PSSCH

Conclusion
Observation 1: DMRS option 1 with comb and 4 horizontal DMRS can be used for PSCCH and PSSCH with the relative speed up to 280km/h. DMRS option 1 with comb is more recommended.
Observation 2: DMRS option 1 and DMRS option 1 with comb are unable to support the 500km/h relative speed. With effect of timing offset, the performance of 2H deteriorates obviously.
Proposal 1: With the relative speed up to 280km/h, DMRS option 1 with comb should be used for PSCCH and PSSCH. Otherwise with 500km/h relative speed 4 horizontal DMRS structure can be considered.

Appendix
Table 1 Simulation parameters
	Carrier frequency
	6 GHz

	System bandwidth
	10MHz 

	Message size
	PSSCH: 190byte
PSCCH: 60bit (including CRC)
PSBCH: 56bit (including CRC)

	Modulation/coding
	PSSCH: QPSK with coding rate of 0.5 (TC)
PSCCH: QPSK with coding rate of 0.31 (CC)
PSBCH: QPSK with coding rate of 0.08 (CC)

	Resource size
	PSSCH: 13 PRB for 2H DMRS, 16 PRB for others
PSCCH: 1 PRB
PSBCH: 6 PRB

	Antenna
	1 Tx, 2 Rx

	Channel model
	ITU-R UMi CDL models with dual-mobility (NLOS)

	Mobility
	140km/h（relative speed 280km/h）
250km/h（relative speed 500km/h）

	CFO
	PSSCH& PSCCH: case 1+case B, 0.3 ppm
PSBCH: uniformly distributed [-5, 5] ppm

	Timing offset
	Ideal, 1us

	Channel estimation
	LS with quadratic smoothing using DMRS



image2.emf
-5 0 5 10 15

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB]

BLER

280km/h case1+caseB 1us timing offset  60bit (SA)

 

 

option1 legacy

option1 comb

option2 (4H)

option3 (2H)


image3.emf
-5 0 5 10 15

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB]

BLER

280km/h case1+caseB 1us timing offset  190byte

 

 

option1 legacy

option1 comb

option2 (4H)

option3 (2H)


image4.emf
-4 -2 0 2 4 6 8 10 12 14

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB]

BLER

case1+caseB 60bit

 

 

4H 280km/h

4H 500km/h

4H 500km/h 1us

2H 280km/h

2H 500km/h

2H 500km/h 1us

legacy 500km/h

comb 500km/h


image5.emf
-4 -2 0 2 4 6 8 10 12 14

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB]

BLER

case1+caseB 190byte

 

 

4H 280km/h

4H 500km/h

4H 500km/h 1us

2H 280km/h

2H 500km/h

2H 500km/h 1us

legacy 500km/h

comb 500km/h


image1.emf
Option 1

(legacy&comb)

Option 3

：

(2H)

AGC Data DMRS Gap

Option 2

：

(4H)


oleObject1.bin
Option 2：
(4H)


Option 1
(legacy&comb)


Option 3：
(2H)


AGC


Data


DMRS


Gap



