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1. Introduction
In the RAN1#83 meeting, the following agreements are made on the enhancement of DMRS to handle high Doppler case:
Agreements:
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel

· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH
· FFS location of DMRS
· Possible options for evaluation and further study will be discussion during this week
· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)
· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week

· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). 

· There should be considerations on receiver complexity when working assumption is confirmed.

Agreements:
Options of DM RS location for evaluation (counting from #0)

· Other options are not precluded.

· For normal CP with 15 kHz subcarrier spacing

· Option 1: #2, #5, #8, #11

· Note: This is for regular spacing.

· Option 2: #1, #5, #8, #12

· Note: Reuse RS location of PUCCH format 2

· Option 3: #2, #4, #9, #11

· Note: Frequency offset estimation first using {#2, #4} and {#9, #11}

· Option 4: #3, #6, #7, #10

· Note: Frequency offset estimation first using {#6, #7}

· Assumption: Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 

· Baseline: QPSK with coding rate of 0.5

· Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 (only for data)

· Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.

· Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 

· Performance in Case 1 is to check whether the system can work in the extreme case.

· Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.

· Frequency error between sync references of TX and RX:

· Case A: 0 error (i.e., the same reference)

· Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.

· Companies should describe the receiver algorithm of the evaluated options.
In this contribution, we discuss RS enhancements to handle high Doppler case.
2. Evaluation on DMRS structure to handle high Doppler frequency
In RAN1#83 meeting, PUSCH DMRS sequence using 4 symbols is determined for RS for PC5-based V2V as working assumption. Also, for the location of DMRS, 4 options are considered as follows:
1) Option 1: #2, #5, #8, #11

2) Option 2: #1, #5, #8, #12

3) Option 3: #2, #4, #9, #11

4) Option 4: #3, #6, #7, #10

In addition, 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 in the previous meeting. 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 the previous 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 performs complex conjugate operation between the received time domain DMRS sequence and the time domain DMRS sequence known at receiver at the max power tap channel to obtain repeated part within a DMRS symbol without using Comb type RS, and then, finally compares the first half time sequence and the second half time sequence 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 different schemes below. The detailed receiver algorithms of various schemes are summarized in Appendix A.
In this section, we evaluated the performance of 4 options with PUSCH DMRS, option 1 with the enhanced receiver, and comb type DMRS. In the simulations, for the assumptions of frequency error by synchronization error, both of {Case 1+Case B} and {Case 2+Case A} are considered in the agreements of the previous meeting. We simulated them in NLOS environment. Also, 6.0GHz carrier frequency and 280km/h relative speed are 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.
· Data channel

We evaluated data channel of PUSCH DMRS and comb type DMRS. 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}. In the figures, the title represents vehicle speed, not relative speed. Also, legends of Options 1~4 stand for PUSCH DMRS without the enhanced receiver, that of Option 1’ stands for PUSCH DMRS with the enhanced receiver, and that of Comb stands for comb type DMRS. Figures 1, 2 show the performance in case1+B for 190, 300 bytes, respectively. Figures 3, 4 show the performance in case2+A for 190, 300 bytes, respectively.
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Fig. 2: Comparison the performance among PUSCH DMRS and comb type assuming 1.8KHz frequency offset, 16RB and 190byte.
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Fig. 3: Comparison the performance among PUSCH DMRS and comb type assuming 1.8KHz frequency offset, 24RB and 240byte.
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Fig. 4: Comparison the performance among PUSCH DMRS and comb type assuming [-1.2,1.2] KHz frequency offset, 16RB and 190byte.
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Fig. 5: Comparison the performance among PUSCH DMRS and comb type assuming [-1.2,1.2] KHz frequency offset, 24RB and 240byte.
It can be observed in figures 1~4 that the performance of PUSCH DMRS without the enhanced receiver represents error floor character. It is because that the compensation of phase offset is carried out by using inter DMRS symbols, so that it does not work well to deal with non-linearity character of phase rotation of sum of Doppler effect and frequency offset. Also, we can see that PUSCH DMRS with the enhanced receiver and comb type DMRS have similar performance and better performance than PUSCH DMRS without the enhanced receiver. It is because that option 1’ and comb type DMRS obtain the phase offset within a DMRS symbol, and it is more effective to compensate Doppler effect and frequency offset than legacy receiver.
Observation 1: PUSCH DMRS represents error floor character, unless obtaining phase offset within a symbol for compensation. 
Proposal 1: It is necessary to obtain phase offset value within a symbol for PC5-based V2V.
However, the performance of the enhanced receiver based on the PUSCH DMRS is not stable, which is dependent on the selected DMRS sequence. PUSCH DMRS does not have duplicate signals in time domain unlike to comb type DMRS, and thus, the first half and second half sequences to be compared already have inter symbol interference. This ISI level is different as a selected DMRS sequence where some sequences have good SNR of ISI, while the others do not have it. This directly affects the compensation ability of phase offset of DMRS. 
In order to show the performance variation as selected DMRS sequences, we plot the performance of the systems with different Zadoff-chu sequences in figure 5. In the simulation, both of 190 and 300 bytes message sizes are assumed and we use ZC sequences with the group number of {u=2 and u=16} for 190 bytes, {u=0 and u=20} for 300 bytes. 
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Fig. 5: Comparison the performance of enhanced receiver on the legacy DMRS according to different ZC sequences.
It can be observed in figure 5 that while the ZC sequence with u=16 has a good performance, that with u=2 has an error floor for the 190 bytes case. Also, for 300 bytes, ZC sequence with u=20 has even better performance than that with u=0. As the above mentioned, it is because that different sequences have different ISI level. Also, from the internal investigation, it is observed that while some parts of sequences among 30 have good performance, the others have error floor characteristic. Also, although same sequence is utilized, different RB size have different tendency of performance. This effect of option 1’ would make the system design difficult in terms of selecting different ZC sequence sets for all possible RB size.
Observation 2: The enhanced receiver based on PUSCH DMRS would make the system design difficult in terms of selecting different ZC sequences set for all possible RB size.
· Control channel

If a DMRS enhancement can be applied for PSSCH, it is desirable that it is also applied to PSCCH. We evaluated PUSCH DMRS and comb type DMRS for PSCCH. In the simulation, {40, 96} bit message sizes are assumed. For the transmission, single-subframe transmission is assumed: {1RB with 40bit, 0.2 coding rate} and {1RB for 96bit, 0.5 coding rate}. In the figures, the title represents vehicle speed, not relative speed. Also, legends of Option 1~4 stand for PUSCH DMRS without the enhanced receiver, that of Option 1’ stands for PUSCH DMRS with the enhanced receiver, and that of Comb stands for comb type DMRS. Figures 6, 7 show the performance in case1+B for 40, 96 bit, respectively. Figures 8, 9 show the performance in case2+A for 40, 96 bit, respectively.
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Fig. 7: Comparison the performance among PUSCH DMRS and comb type assuming 1.8KHz frequency offset, 1RB and 40bit.
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Fig. 8: Comparison the performance among PUSCH DMRS and comb type assuming 1.8KHz frequency offset, 1RB and 96bit.
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Fig. 9: Comparison the performance among PUSCH DMRS and comb type assuming [-1.2,1.2] KHz frequency offset, 1RB and 40bit.
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Fig. 10: Comparison the performance among PUSCH DMRS and comb type assuming [-1.2,1.2] KHz frequency offset, 1RB and 96bit.
It can be also observed in the performance of applying DMRS enhancements to PSCCH in figures 6~9 that the performance of PUSCH DMRS without the enhanced receiver represents error floor character. Also, we can see that PUSCH DMRS with the enhanced receiver have a big performance degradation compared to comb type DMRS. It is because that option 1’ in the narrow band system has a difficulty in finding the exact peak timing lack of the number of samples, so that sometimes ISI level is very high, and it can lead to performance degradation.
Observation 3: The enhanced receiver based on PUSCH DMRS has a big performance degradation in the narrow band system, compared to comb type DMRS.
· Complexity comparison for the compensation of phase offset
· FFT complexity

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

· Options 1~4 without the enhanced receiver : 
· One time of full size FFT

· Option 1’ with the 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 4: 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 2: Comb type RS sequence is adopted to handle high Doppler effects and high frequency offset for PC5 based V2V.
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: PUSCH DMRS represents error floor character, unless obtaining phase offset within a symbol for compensation.

Observation 2: The enhanced receiver based on PUSCH DMRS would make the system design difficult in terms of selecting different ZC sequences set for all possible RB size.
Observation 3: The enhanced receiver based on PUSCH DMRS has a big performance degradation in the narrow band system, compared to comb type DMRS.

Observation 4: 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: It is necessary to obtain phase offset value within a symbol for PC5-based V2V.
Proposal 2: Comb type RS sequence is adopted to handle high Doppler effects and high frequency offset for PC5 based V2V.
______________________________________________________________________
Appendix A. Channel estimation method
This appendix introduces the process of compensation of phase offset for each method described in section 2. 
Options 1~4
1) RX UE calculates the subframe-averaged phase rotation rate by comparing the frequency channel response of two following RS symbols. 
A. Option 1: (#2, #5), (#5, #8), (#8, #11)

B. Option 2: (#1, #5), (#5, #8), (#8, #12)

C. Option 3: (#2, #4), (#9, #11)

D. Option 4: (#6, #7)

2) 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 2). 

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

Option 1’
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 km/h

	Modulation
	QPSK

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

{40, 96} bits for control channel

	PRB
	16 for 190 bytes
24 for 300 bytes
1 for {40, 96} bits

	CFO
	1.8 KHz
[-1.2, 1.2] KHz

	AGC
	Yes

	GP
	Yes

	Number of transmissions
	Single transmission

	Channel estimation 
	See Appendix A
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