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1 Introduction

In V2V transmission, DMRS structure/density needs to be enhanced due to the high vehicle speed (up to 2x140km/h) and the large frequency offset. In RAN1#84 meeting, the following agreements regarding DMRS were made [1], 
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
Hence, we provide our further evaluations/views on different options in this contribution. It mainly covers DMRS design for PSCCH/PSSCH, while issues on PSBCH are provided in a companion document [2]. 
2 Discussions on DMRS structure
The main challenge on DMRS design is to account for large vehicle speed (up to 2x140 km/h), high carrier frequency (6 GHz) and large frequency offset. According the agreed simulation assumptions, the residual frequency offset between the two peers can be as high as 1800 Hz, i.e. Case 1 + Case B. In a realistic case, frequency error for a UE w.r.t. the UE’s sync reference is uniformly distributed in [-0.1, 0.1] ppm, residual frequency offset is distributed in [-1800, 1800] Hz. The above factors if not handled can significantly degrade the link performance. 
In addition to frequency error, timing error also has a negative impact on OFDM system performance. A positive time delay may be absorbed by the CP unless the delay is too larger. However, a negative time delay will result in ISI hence impact the performance larger. According to the agreed assumptions, time delay can be up to 1us, which is much less than CP length of 4.7us. Therefore, negative time delay is the more interested case in the evaluation. 

In the simulation, the channel generated is UMi CDL, and frequency error is modeled as a linear phase rotation to the time domain signal 
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. Time delay is simply modelled by applying a time difference in the reception window for OFDM processing from the idea timing. In the following discussion, Comb based DMRS structure is abbreviated as ‘Comb’, while the legacy DMRS structure uses ‘Long Block (LB)’. A brief on the modelling for time/frequency estimation and channel estimation is provided in Annex B.
2.1 DMRS for PSSCH
In this section, we compare the demodulation performance for Comb-based DMRS and long-block DMRS. We assume a payload size of 190 bytes, and the number of allocated PRBs is set as 16 to approach the code rate 0.5, assuming the first symbol in a subframe is not used for data transmission. The detailed simulation assumptions are provided in Annex A. 
In Figure 1, we provide the performance comparison for ‘Case 1 + Case B’ for high vehicle speed, 2x140km/h. The similar performances are observed for both DMRS structures. The impact of negative time delay is also marginal. It is expected an even closer performance will be observed for lower vehicle speeds and lower frequency offsets. 
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Figure 1: PSSCH performance with two DMRS structures
Observation 1:
· Both two DMRS structures performs equally well in frequency offset and time delay estimation. Similar channel estimation and decoding performance are observed. 
2.2 DMRS for PSCCH
The number of PRBs for PSCCH is not decided yet, but it is expected the typical values would be 1 or 2. Hence, we provide the PSCCH detection performance with 1 or 2 occupied PRBs corresponding to the two DMRS structures in this section. 

For the case using 1 RB, LB based structure works, but there is about 2 dB loss in 1% BLER point compared to Comb-based structure. It is caused by the simulation method and will not be a factor in real implementation. With the help from PSSS/SSSS/PSBCH and the early control/data transmissions from the same transmitter, the frequency offset and time delay are already compensated to a certain level, which will increase the PSCCH performance. However, in the simulation, we assume the frequency offset and time delay is only estimated based on PSCCH. On the other hand, the performance for PSCCH transmission using 2 RBs is much better. The overhead of 2 RBs for PSCCH is that same as PSCCH of Rel-12 D2D. 
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Figure 2: PSCCH performance with two DMRS structures, 1 RB
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Figure 3: PSCCH performance with two DMRS structures, 2 RBs

Observation 2:
· Both two DMRS structures could well support PSCCH transmissions with only 1 RB; A even better performance can be achieved by PSCCH transmission on 2 RBs. 
3 Conclusions
In this contribution, we compare the various options on DMRS patterns under different cases of frequency offset and different vehicle speed. Both PSSCH and PSCCH are  evaluated. We make the following observations and proposal:
Observation 1:
· Both two DMRS structures performs equally well in frequency offset and time delay estimation. Similar channel estimation and decoding performance are observed. 
Observation 2:
· Both two DMRS structures could well support PSCCH transmissions with only 1 RB; A even better performance can be achieved by PSCCH transmission on 2 RBs. 
Proposal

· The LB DMRS structure, i.e. legacy DMRS, is used for PSSCH/PSCCH in V2V/V2X. 
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ANNEX A Simulation assumptions
Table A1. Simulation assumptions
	Bandwidth 
	10 MHz 

	Carrier frequency
	6.0 GHz

	Number of antenna
	1 TX and 2 RX

	channel
	UMi NLOS

	Modulation 
	QPSK 

	Coding 
	Turbo, rate 1/2
	TBCC

	TBsize
	190 byte
	40 bit

	Number of Occupied PRB
	16 
	1, 2

	subcarrier spacing
	15 KHz

	DMRS
	4 DMRS/TTI in symbol 2, 5, 8, 11 (i.e. Option 1)

	Relative speed
	2x60 km/h, 2x140 km/h

	Channel estimation criteria
	MMSE

	Maximum transmission number
	1

	Additional frequency shift
	1.8 KHz

	Timing 
	Ideal timing 


ANNEX B Frequency offset/time delay/channel estimation

In this document, the following two schemes for frequency offset/time delay estimation are adopted.

For Comb-based DMRS structure

a) UE estimates the phase drift per subframe using the four DMRS symbols. The first-half and second-half in the OFDM symbol are transformed into frequency domain by applying two half-size FFT, phase/frequency offset is then estimated by comparing the same subcarrier of the two half symbols;

b) UE estimates the time delay per subframe using the four DMRS symbols. Time delay is estimated by comparing the phase drift of neighbour subcarriers in an OFDM symbol;

c) Frequency drift and time delay then are compensated on DMRS symbols in frequency domain, however, ICI cannot completely removed; 

d) Channel estimation is based on 4 DMRS symbols after compensation;

e) Frequency drift estimated in step a) is re-applied and then is used to process data REs.
For Long-block based DMRS structure

a) UE estimates the phase drift per subframe using the four DMRS symbols. The frequency response is first transformed into time domain to get the impulse channel response. The delay of the strongest link is then derived. The time domain signal of DMRS symbol is shifted by the estimated delay, and is element-wise multiplied with the time domain signal of the local DMRS sequence. Then, phase/frequency offset is then estimated by comparing the phase of the two half symbols in an OFDM symbol; 
b) UE estimates the time delay per subframe using the four DMRS symbols. Time delay is estimated by comparing the phase drift of neighbour subcarriers in an OFDM symbol;

c) Frequency drift and time delay then are compensated on DMRS symbols in frequency domain, however, ICI cannot completely removed; 

d) Channel estimation is based on 4 DMRS symbols after compensation;

e) Frequency drift estimated in step a) is re-applied and then is used to process data REs.
PAGE  
5

_1516107493.unknown

