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1. Introduction
In the RAN1#84 meeting, the following agreements are made on the enhancement of DMRS to handle high Doppler case:
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
Also, In RAN#71, the agreements are made for the requirement of the relative speed of 500km/h [1].
In this contribution, we discuss RS enhancements to handle high Doppler case, and also evaluate 500km/h relative speed case.
2. Evaluation on DMRS structure to handle high Doppler frequency
In RAN1#84 meeting, DMRS mapping is agreed with #2, #5, #8, #11 OFDM symbols. Following as RAN1#83 meeting, if the performance of PUSCH DMRS cannot meet requirement, or the complexity of it is not acceptable, comb type DMRS is considered for the first priority as the agreements. To confirm the validity of PUSCH DMRS, it is necessary to compare the performance between PUSCH DMRS and comb type DMRS.
In order to obtain phase offset using PUSCH DMRS sequence, phase offset is generally calculated between DMRS symbols. However, in the offline discussion of RAN1#83 meeting, it is raised that phase offset can be obtained within a DMRS symbol by the enhanced receiver. The algorithm of the enhanced receiver firstly finds the max power tap of channel. And assuming such a max power channel tap exists, remove DMRS sequence from received time signal, which is assumed for only max power tap per time domain sample to be repeated. Finally, the first half time sequence and the second half time sequence are compared to obtain phase offset value. Such an algorithm can be effective to compensate Doppler effects and frequency offset, but receiver complexity can be increased. We discuss the performance and receiver complexity between PUSCH DMRS and comb DMRS below. The detailed receiver algorithms of various schemes are summarized in Appendix A.
In this section, we evaluated the performance of PUSCH DMRS with enhanced RX and comb type DMRS for below 500km/h. For 500km/h, 2H DMRS in [2] are also evaluated. In the simulations, for the assumptions of frequency error by synchronization error, {Case 1+Case B} is considered in the agreements of RAN1#83 meeting. We simulated them in NLOS environment. Also, 6.0GHz carrier frequency is assumed for the simulations. Also, we assumed the puncturing of the first and last symbols in the simulation. The detailed simulation assumptions are given in Appendix B.
· Evaluation
We evaluated data channel of PUSCH DMRS with enhanced receiver (eDMRS) and comb type DMRS (Comb). In the simulation, {190, 300} bytes message sizes are assumed. For the transmission, single-subframe transmission is assumed: {16RB with 190byte, 0.5 coding rate} and {24RB with 300byte, 0.5 coding rate}. 280km/h relative speed is assumed. Figures 1, 2 show the performance in case1+B for 190, 300 bytes, respectively. 
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Fig. 1: Comparison of the performance between enhanced PUSCH DMRS and comb type assuming 1.8KHz frequency offset, 16RB and 190byte.
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Fig. 2: Comparison of the performance between enhanced PUSCH DMRS and comb type assuming 1.8KHz frequency offset, 24RB and 240byte.
We can see in figures 1 and 2 that PUSCH DMRS with the enhanced receiver (eDMRS) and comb type DMRS (Comb) have similar performance. It is because that enhanced PUSCH DMRS and comb type DMRS obtain the phase offset within a DMRS symbol, and it is more effective to compensate Doppler effects and frequency offset than legacy receiver.
· Complexity comparison for the compensation of phase offset
· FFT complexity

· Assumption: N UE’s signals are FDMed in a subframe.

· PUSCH DMRS with enhanced receiver
· One time of full size FFT for the received frequency signal

· N times of full size IFFT for the received time signal to transform received DMRS to time domain
· N times of full size FFT to transform the transmitted ZC sequence to time domain
· Total complexity: 2N+1 full size FFT complexity

· Comb type DMRS : 

· Two times of half size FFT 
· Note that in theory the complexity of two times of half size FFT is less than that of one full size FFT. 

· Total complexity: less than 1 full size FFT complexity
Observation 2: The enhanced receiver based on PUSCH DMRS has significant complexity increase compared to comb type DMRS when N UE’s signals are FDMed in a subframe.
Proposal 1: Comb type RS sequence is adopted to handle high Doppler effects and high frequency offset for PC5 based V2V.
· 500km/h relative speed

The requirement of the relative speed is changed as 500km/h in the plenary to cover specific road where two vehicles with 500km/h relative speed very rarely can drive at the opposite direction. Thus, we evaluated also 500km/h relative speed case. Data and control channel of PUSCH DMRS with enhanced receiver (eDMRS), comb type DMRS (Comb) and 2H DMRS in [2] are evaluated. In the simulation, {190bytes, 300bytes, 40bit} message sizes are assumed. For the transmission, single-subframe transmission is assumed: {16RB with 190byte, 0.5 coding rate}, {32RB with 190byte, 0.25 coding rate}, {24RB with 300byte, 0.5 coding rate}, {50RB with 300byte, 0.25 coding rate} and {40bit with 1RB, 0.2 coding rate}. Figures 3, 4, 5 show the performance in case1+B for 190bytes, 300 bytes and 40bit, respectively.
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Fig. 3: Comparison of the performance among enhanced PUSCH DMRS, comb type and 2H DMRS assuming 1.8KHz frequency offset.
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Fig. 4: Comparison of the performance among enhanced PUSCH DMRS , comb type and 2H DMRS assuming 1.8KHz frequency offset.
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Fig. 5: Comparison of the performance between enhanced PUSCH DMRS, comb type and 2H DMRS assuming 1.8KHz frequency offset, 1RB and 40bit.
We can see in figures 3 and 4 that PUSCH DMRS with the enhanced receiver and comb type DMRS have error floor characteristic for 0.5 coding rate. For the case of 0.25 coding rate, comb type DMRS has reasonable performance, and 2.5dB performance degradation is observed at 0.1 BLER when compared to 2H DMRS. Also, it can be observed in figure 5 that the performance gap between comb type and 2H DMRS is reduced further in PSCCH case due to a lower coding rate.
Discussions in [3][4] compared 2H DMRS and comb type RS in details. In summary, the advantage of 2H DMRS in the above figures may diminish due to higher CM and the corresponding MPR. For example, if 2 dB power reduction is assumed, the gap between comb type DMRS and 2H DMRS is reduced to 0.5dB at coding rate of 0.25 and comb type RS will provide a larger MCL for PSCCH. Also, a larger CM will have worse inband emission property and system level performance can be degraded in low speed case as observed in the previous discussions. Also, 2H DMRS has a drawback that it is vulnerable to delay spread more than 1us, if CS is used for the DMRS sequence, as interpreted in [4]. 
So, 2H DMRS is not a preferable option considering the fact that a larger specification (e.g., new emission requirement study in RAN4) and implementation impact (e.g., the format to be used for pedestrian UE transmissions) is expected.
For comb type DMRS, the lower coding rate is required for the relative 500km/h than before. Maybe, the road where such a high speed vehicles drive would need more coverage than 320m, then, UEs maybe need more retransmission or lower MCS level, then, the coding rate naturally would be reduced.

In order to check the validity of comb type DMRS, we evaluated average PRR in the SLS for comb type DMRS. We simulated freeway scenario with vehicle speed 250km/h in table 1 where we consider up to 600m range for PRR considering high vehicle speed. In the simulation, it is assumed control channel is transmitted in a PRB pair in a subframe before the corresponding data transmissions. It is assumed that 50RB system bandwidth is divided into 5 sub-channels, each of which has 10 RBs, and control and data are always transmitted in the same sub-channel using different subframe. Periodic V2V traffic model is used and a UE always uses one sub-channel in a subframe. 190 byte message and 300 byte message are transmitted using 3 and 5 consecutive subframes, respectively. The detailed resource allocation principle and the corresponding simulation assumptions are used in [5].
Table 1. Average PRR in the freeway case (250km/h)

	Range (m)
	PRR

	300 ~ 320
	0.93234

	320 ~ 340
	0.935795

	340 ~ 360
	0.931774

	360 ~ 380
	0.9341

	380 ~ 400
	0.933129

	400 ~ 420
	0.938837

	420 ~ 440
	0.945567

	440 ~ 460
	0.949847

	460 ~ 480
	0.955763

	480 ~ 500
	0.960357

	500 ~ 520
	0.959248

	520 ~ 540
	0.963026

	540 ~ 560
	0.959202

	560 ~ 580
	0.956865

	580 ~ 600
	0.95651


We can see in Table 1 that the average PRR of comb is higher than 90% in the various target range. It can be concluded in the SLS simulation that the comb type DMRS can cover up to 500km/h relative speed in terms of PRR.

Observation 3: Although 2H DMRS has 2.5dB performance gains at a 0.1 BLER compared to comb type DMRS in the 500km/h relative speed, it is not a preferable option considering high CM, vulnerable character to delay spread, larger specification and bigger implementation impact.
3. Conclusion
This contribution discussed RS enhancements to handle high Doppler case. The observations and proposals based on the discussion are given as follow:
Observation 1: The enhanced receiver based on PUSCH DMRS has a big performance degradation in the narrow band system, compared to comb type DMRS.

Observation 2: The enhanced receiver based on PUSCH DMRS has significant complexity increase compared to comb type DMRS when N UE’s signals are FDMed in a subframe.

Observation 3: Although 2H DMRS has 2.5dB performance gains at a 0.1 BLER compared to comb type DMRS in the 500km/h relative speed, it is not a preferable option considering high CM, vulnerable character to delay spread, larger specification and bigger implementation impact.
Proposal 1: Comb type RS sequence is adopted to handle high Doppler effects and high frequency offset for PC5 based V2V.
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Appendix A. Channel estimation method 
This appendix introduces the process of compensation of phase offset for each method described in section 2. 
PUSCH DMRS with enhanced receiver
1) RX UE transforms the time domain RS signal into the frequency domain RS signal, and retransforms only the transmitted band into the time domain signal to consider multiple transmissions.
2) RX UE detects the peak timing by the time domain RS signal obtained in 1)
3) RX UE transforms the transmitted DMRS sequence into time domain signal.
4) RX UE shifts time domain DMRS sequence in 3) by the timing in 2).
5) RX UE carries out Hadamard product for the time domain RS signal in 1) with the complex conjugate of the shifted DMRS signal in 4).
6) RX UE calculates the subframe-averaged phase rotation rate within DMRS symbol by comparing the first half and second half size sequence of the sequence of 5).

7) RX UE compensates the received frequency signal of data symbols and the estimated frequency channel response of DMRS symbols by phase rotation rate obtained in 6). 

8) RX UE estimates the frequency channel response of data symbols by using interpolation of estimated channel of compensated received frequency channel of DMRS symbols.

Comb-type DMRS
1) In each RS symbol, RX UE separates the received time signal into two parts, where each part comes from one of repeated transmitted signal.
2) RX UE transforms each part of received time signal into received frequency signal by applying half size of FFT, and estimates two frequency signals.

3) RX UE calculates the subframe-averaged phase rotation rate within DMRS symbol by comparing the two estimated frequency signals in the DMRS symbol.
4) RX UE compensates the received frequency signal of data symbols and the estimated frequency channel response of DMRS symbols by phase rotation rate obtained in 3).
5) RX UE estimates the frequency channel response of data symbols by using interpolation of estimated channel of compensated received frequency channel of DMRS symbols.

2H DMRS
1) RX UE estimates the frequency channel response in all the RS symbols in the subframe by using DMRS over two REs per RB.

2) There is no need to estimate phase rotation by frequency offset.
Appendix B. LLS simulation assumptions
Table 1: LLS simulation assumptions
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS CDL model with dual mobility

	Antenna configuration
	Tx 1 antenna
Rx 2 antennas 

	UE relative speed
	{280, 500} km/h

	Modulation
	QPSK

	TBS of PSSCH and PSCCH
	{190, 300} bytes for data channel

{40} bits for control channel

	PRB
	{16, 32} for 190 bytes
{24, 50} for 300 bytes
1 for 40 bits

	CFO
	1.8 KHz

	AGC
	Yes

	GP
	Yes

	Number of transmissions
	Single transmission

	Channel estimation 
	See Appendix A
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