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1. Introduction
In the RAN1#84bis meeting, the following working assumption is made on the enhancement of DMRS to handle high Doppler case:
The three alternatives:

· Alt 1: 

· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)

· In order to support 500 km/h relative speed case,  lowering the coding rate can be used

· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation

· This may or may not have any specification impact

· Confirm the working assumption: 

· 15 kHz subcarrier spacing with 1 msec TTI length

· Supported by:

· LG Electronics, Huawei, HiSilicon, Samsung, CATT, ZTE, Nokia, ASB, OPPO (9)

· Objected by: 

· E///, QC

· Alt 4: Alt 2 + Alt 3 (with 30kzh tone spacing)

· Supported by: Intel, Ericsson, Qualcomm, ITRI (4)

· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)

· FFS: One or more PSCCH format(s) need to be supported

· Supported by: Ericsson, Huawei, HiSi, LGE, ZTE, CATT, Nokia net., Vodafone, CATR, Samsung, Sharp, Sony, ASB, Lenovo, OPPO, Xinwei (16)

Working assumption:
· Alt. 5

Conclusion:

· All proponents are requested to analyze/evaluate Alt. 5 until the next meeting, and RAN1 will decide the final decision in RAN1 #85 meeting

In this contribution, we discuss RS enhancements to handle high Doppler case.
2. Evaluation on DMRS structure to handle high Doppler frequency
In RAN1#84bis meeting, 4V structure DMRS mapping is agreed as a working assumption with adaptation of MCS, the number of RBs and number of transimission subframes to deal with high speed UE. Detailed approach for MCS, RB numbers, transmission subframes for that is shown in [1]. There are two options for 4V structure DMRS; Comb and PUSCH DMRS with enhanced receiver. 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 only max power channel tap exists, remove DMRS sequence from received time signal. 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 280km/h and 500km/h. 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.
· Control channel

We evaluated PUSCH DMRS with enhanced receiver (eDMRS) and comb type DMRS (comb) for PSCCH. In the simulation, {30, 40} bit message sizes are assumed. For the transmission, single-subframe transmission is assumed: {1RB with 30bit, 0.16 coding rate}, {1RB with 40bit, 0.2 coding rate}. {280km/h, 500km/h} relative speed is assumed. Figure 1 shows the performance. 
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Fig. 1: Comparison of the performance between enhanced PUSCH DMRS and comb type assuming 1.8KHz frequency offset, 1RB and {30bit,40bit} in PSCCH.
We can see in figure 1 that PUSCH DMRS with the enhanced receiver have a performance degradation compared to comb type DMRS. It is because that eDMRS in the narrow band transmission has a difficulty in finding the exact peak timing. While wide band transmission is similar to delta function in time domain, narrow band transmission is similar to sinc function. Thus, in narrow band transmission, the convolution of sinc function and channel tap results in the mixed channel taps where some taps of received signal has similar magnitude as max channel taps by mixing. However, since the enhanced receiver assumed the max channel tap only exists, the other channel taps are interference when estimating phase offset. Then, interference channel taps with similar power as max channel taps in narrow band make more interference than wideband’s.
Observation 1: The enhanced receiver based on PUSCH DMRS has a performance degradation in the narrow band system, compared to comb type DMRS. It is because that option 1 in the narrow band transmission has a difficulty in finding the exact peak timing.
· Data  channel
We evaluated data channel of PUSCH DMRS with enhanced receiver and comb type DMRS in PSSCH. 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}, {32RB with 190byte, 0.25 coding rate} and {50RB with 300byte, 0.25 coding rate}. {280km/h, 500km/h} relative speed is assumed. Figures 1, 2 show the performance in case1+B for 190, 300 bytes, respectively. 
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Fig. 2: Comparison of the performance between enhanced PUSCH DMRS and comb type assuming 1.8KHz frequency offset in PSSCH.
We can see in figure 2 that PUSCH DMRS with the enhanced receiver (eDMRS) and comb type DMRS (Comb) have similar performance for 280km/h relative speed in spite of 0.5 coding rate. Also, figure 2 shows 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 and enhanced DMRS have similar performance at 0.1 BLER. 
· 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, considering performance of control channel and complexity.
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 performance degradation in the narrow band system, compared to comb type DMRS. It is because that option 1 in the narrow band transmission has a difficulty in finding the exact peak timing.
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, considering performance of control channel and complexity.
______________________________________________________________________
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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.

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

{30, 40} bits for control channel

	PRB
	{16, 32} for 190 bytes
{24, 50} for 300 bytes
1 for {30, 40} bits

	CFO
	1.8 KHz

	AGC
	Yes

	GP
	Yes

	Number of transmissions
	Single transmission

	Channel estimation 
	See Appendix A
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