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1 Introduction
At the TSG RAN1 meeting #84bis, the following working assumptions were reached on the DMRS for V2V PSCCH and PSSCH [1].
· 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
· 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
Working assumption:
· Alt. 5
For the “4V structure” of PSSCH/PSCCH DMRS, at the RAN1 meeting #84, the following agreement on DMRS locations was reached [2].

Agreements:
· Adopt DMRS location option 1(i.e., #2, #5, #8, #11) for PSCCH/PSSCH for V2V.
In the revised work item description for PC5-based V2V [3], the support for relative speed of up to 500kmph was added which was described that 

“The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (e.g., adaptation of code-rate, the DMRS mapping/structure) (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h”.
In this paper, we made performance evaluations for two potential DMRS structures of “4V DMRS”, Comb-DMRS structure and conventional PUSCH-DMRS structure, taking the requirement of support for 500kmph into account. In the remaining part, the relevant receiving algorithms of the two DMRS structures are described in section 2. The link level performance evaluation results for both PSCCH and PSSCH are provided in section 3. The observations and proposal are summarized in section 4. 
2 DMRS Structures and Relevant Algorithms
For the “4V DMRS” in the working assumption, based on the discussions in RAN1 so far, there are mainly two candidate structures: Comb-DMRS structure and PUSCH-DMRS structure. 
· For the Comb-DMRS structure, for each DMRS OFDM symbol, only the even-numbered subcarriers are used for carrying the DMRS, which leads to the repetitive structure in time domain. The repetitive structure could be utilized to enhance the frequency offset estimation and/or the channel estimation to combat the potential challenging V2V channel conditions in terms of frequency offset and channel time-variance. 
· For the PUSCH-DMRS structure, the conventional PUSCH-DMRS structure is used. In this way, the existing DMRS sequences could be reused. However, there may be problems in V2V link reliability considering the potential large frequency offset and severe channel time-variance in V2V. Thus, performance evaluations and comparisons shall be performed carefully to guarantee the V2V link performances in various application scenarios. 
This paper focuses on the link level evaluations of V2V PSCCH and PSSCH with “4V” Comb-DMRS or PUSCH-DMRS for several typical velocities (relative 500kmph, 280kmph and 30kmph) with channel conditions of both NLOS and LOS. Before the introduction of the evaluation results in next section, the key receiving algorithms involved in the simulations for Comb-DMRS and PUSCH-DMRS are summarized in this section. The details of the algorithms are described in the appendix. 
Frequency offset estimation

Comb-DMRS
Frequency domain frequency offset estimation based on phase difference between two half DMRS symbols of each DMRS OFDM symbol. The difference signals over the 4 DMRS symbols at the 2 receive antennas are aggregated to improve the estimation accuracy. This algorithm is called frequency domain half-symbol based frequency offset estimation in this paper. The detail of this algorithm is shown in appendix B. 
PUSCH-DMRS
Time domain frequency offset estimation based on phase difference between the two half DMRS symbol correlations with corresponding local DMRS signals. The difference signals over the 4 DMRS symbols at the 2 receive antennas are aggregated to improve the estimation accuracy. This algorithm is called time domain half-symbol based frequency offset estimation in this paper (note it was called half-symbol based algorithm for conventional DMRS in [4][5]). This algorithm was proposed in [6][7]. The detail of this algorithm is shown in appendix C.
Note that different from the frequency domain half-symbol based frequency offset estimation for Comb-DMRS, in the time domain half-symbol based frequency offset estimation, a timing synchronization procedure is required before the frequency offset estimation. Additionally, for relative small bandwidth V2V transmission (e.g., PSCCH), up-sampling is needed for the quality of timing synchronization and frequency offset estimation, which was discussed in [4].
Frequency offset compensation

After the frequency offset is estimated, the frequency offset compensation is performed in frequency domain for the received signal (including data OFDM symbols and DMRS symbols). In particular, the frequency offset compensation consists of intra-symbol inter-subcarrier interference (ICI) cancellation and inter-symbol phase rotation. In the simulations, the same frequency offset compensation algorithm is used for Comb-DMRS and PUSCH-DMRS. 
Channel estimation

Comb-DMRS
A half DMRS symbol based channel estimation algorithm is used for the Comb-DMRS structure, in order to improve channel estimation quality especially for super high velocity like 500kmph. In the half-symbol based channel estimation, firstly LMMSE channel estimation (filtering and interpolation) is performed in each half DMRS symbol, then channel interpolation is made in time domain from the (8) half DMRS symbols to the data OFDM symbols. The detail of this algorithm is shown in appendix D.
This half-symbol based channel estimation was simulated and discussed in [5]. Note that it is modified slightly in this paper in aspect of channel interpolation in time. In detail, the original linear extrapolation for edge data OFDM symbols is changed to simple holding (i.e., use the channel estimates at the first/last half DMRS symbol as channel estimates of the first/last 2 data OFDM symbols with the subframe). 
PUSCH-DMRS
Conventional channel estimation is used, where firstly LMMSE channel estimation (filtering) is performed in each DMRS symbol, and then linear channel interpolation is made in time domain from the 4 DMRS symbols to the data OFDM symbols. The detail of this algorithm is shown in appendix E.
3 Performance Evaluation Results
In this section, the link level performance evaluations for V2V PSSCH and PSCCH are presented. In the simulations, both LOS and NLOS for the ITU UMi fast fading (CDL) channel with relative speeds of 500kmph, 280kmph and 30kmph are simulated to obtain as complete results as possible. For PSSCH, the typical V2V traffic packet size of 190 bytes is assumed. The typical MCS of QPSK+1/2TC (i.e., over 16PRBs), together with other transmit formats (with lower coding rate of 1/3TC over 24PRBs or 2 (re)transmissions) are simulated for PSSCH as per the working assumption reached in last meeting. For PSCCH, since the V2V PSCCH format hasn’t been defined with details, two PSCCH payload sizes are assumed and simulated in the simulations, i.e., 40 bits and 80 bits, over 1 PRB and 1 or 2 PRBs, respectively. The simulation conditions are listed in the table of Appendix A. The simulation results for PSSCH and PSCCH are shown in Figure 1~4.
V2V PSSCH evaluations
The PSSCH evaluation results are shown in Figure 1 (for 500kmph) and Figure 2 (for 280kmph and 30kmph). In the simulations, both the LOS and NLOS are simulated. For LOS, the K-factor is assumed 6dB as defined in the ITU UMi CDL channel model.
From the results, we can get the following observations for PSSCH:
Observation 1: For relative 500kph with NLOS, V2V PSSCH with Comb-DMRS can work well with reduced coding rate (e.g., QPSK+1/3TC) or retransmissions (e.g., 2 (re)transmission with soft combining), while PSSCH with PUSCH-DMRS degrades severely even with reduced coding rate or retransmissions. 

Observation 2: For relative 500kph with LOS, V2V PSSCH can work at MCS of QPSK and 1/2 Turbo coding with Comb-DMRS better than PUSCH-DMRS by more than 2.0dB at BLER of 1e-3. 
Observation 3: For relative 30kmph (LOS/NLOS) and 280kmph (LOS), V2V PSSCH (with QPSK+1/2TC) achieves similar performances for Comb-DMRS and PUSCH-DMRS; while for relative 280kmph NLOS, Comb-DMRS outperforms PUSCH-DMRS apparently (the former works well while the latter has error floor between 1e-2 and 1e-3).
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(a) NLOS                                                                                        (b) LOS
Figure 1: PSSCH results for 500kmph
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Figure 2: PSSCH results for 280kmph/30kmph
V2V PSCCH evaluations
The PSCCH evaluation results are shown in Figure 3 (for 40bits size) and Figure 4 (for 80bits size). For PSCCH with 40bits, a single transmission over 1 PRB is assumed in the simulations, while for 80bit PSCCH, single transmission with 1 PRB or 2 PRBs are simulated. Note that as per the agreement (as follows), the SA could be in the same or the different subframe as its associated data packet, thus needing an SA element of offset indicating the relative location of the data. In this case, the retransmission of SA in different subframes with soft combining at the receiver (as done for R12 D2D) seems infeasible for V2V (as SA content (at least offset value) is different for different (re)transmissions). Thus, retransmissions with soft combining aren’t simulated for PSCCH. 
Agreement:
· In UE autonomous resource selection mode,
· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers
· …
From the results shown in Figure 3 and 4, we can get the following observations for PSCCH:
Observation 4: For PSCCH with 40bits over 1PRB, Comb-DMRS behaves much better than PUSCH-DMRS for relative 500kmph (with gains of 2.5dB (LOS) and 5.0dB (NLOS) at BLER of 1e-2 and error floor between 1e-2 and 1e-3 emerges for PUSCH-DMRS). For speeds of 280kmph and 30kmph, Comb-DMRS and PUSCH-DMRS achieve similar performances (the latter has slightly better performance by <1.0dB for 30kmph). 

Observation 5: For PSCCH with 80bits over 1 or 2 PRBs, Comb-DMRS behaves much better than PUSCH-DMRS for relative 500kmph (For NLOS, error floor between 1e-1 and 1e-2 emerges for PUSCH-DMRS; for LOS, the gains are about 4dB/2dB for 1PRB/2PRB transmission at BLER of 1e-2). For speeds of 280kmph and 30kmph, Comb-DMRS and PUSCH-DMRS achieve similar performances (the latter has slightly better performance by <1.0dB for 30kmph).
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(a) 500kmph                                                                                (b) 280kmph
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(c) 30kmph

Figure 3: PSCCH (40bits) results 
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(a) 500kmph, NLOS                                                          (b) 500kmph, LOS
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(c) 280kmph, NLOS                                                                    (d) 280kmph, LOS
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(e) 30kmph, NLOS                                                                       (f) 30kmph, LOS
Figure 4: PSCCH (80bits) results
Evaluations for the extreme frequency offset

For the simulation results described in previous parts, the initial frequency offset is set to 1.8kHz, which is the baseline assumption Case1+CaseB as per the agreements at RAN1-83. With the additional Doppler frequency shifts between the vehicle UE and its associated eNB taken into account, the initial frequency offset could be up to 1.8+2.8=4.6kHz for absolute vehicle speed of 250kmph (thus, plus the Doppler frequency shift between vehicle to vehicle, the extreme total frequency offset could potentially be up to about 7.4kHz). The performance of PSSCH with this extreme frequency offset is evaluated in this part, as shown in Figure 5. 

From the results shown in Figure 5, we can get the following observation for PSSCH with extreme frequency offset:
Observation 6: With the extreme frequency offset (i.e., 7.4kHz incl. Doppler frequencies at 500kmph), Comb-DMRS achieves similar performance as that with initial 1.8kHz frequency offset for both LOS/NLOS (for NLOS, with slight performance degradation at high SNR region), while for PUSCH-DMRS, the V2V link suffers similar error floor (at NLOS) or degrades apparently (with error floor emerging at LOS) in comparison with that with initial 1.8kHz frequency offset.
The potential reasons for this observation may be that with increased frequency offset, the channel variance in time becomes more severe which: 1) degrades the frequency offset estimation quality of the time domain half-symbol based frequency offset estimation with PUSCH-DMRS (see Fig.5b); 2) degrades to some extent the frequency offset estimation quality of the frequency domain half-symbol based frequency offset estimation with Comb-DMRS (see Fig.5a). The reasons that Comb-DMRS works well with extreme frequency offset in LOS is that for the LOS component path, the channel variance in time is regularly and evenly added for the adjacent two half DMRS symbols, thus the frequency domain half-symbol based frequency offset estimation can estimate the frequency offset with good quality. 
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Figure 5: Results of PSSCH for extreme frequency offset (i.e., 7.4kHz incl. Doppler)

4 Discussions

Based on the evaluation results in previous section and the discussions in previous meetings [4], a comprehensive comparison of Comb-DMRS and PUSCH-DMRS for V2V PSCCH/PSSCH is summarized in Table 1 shown below.

Table 1: Comparison of Comb-DMRS and PUSCH-DMRS for V2V PSCCH/PSSCH
	
	Comb-DMRS
	PUSCH-DMRS

	Performance
	PSSCH, NLOS
	For 500kmph, work well with lower coding rate or retransmission
For 280/30kmph, similar performance as PUSCH-DMRS
	For 500kmph, severely degraded with error floor around 0.1, even with retransmission or lower coding rate
For 280/30kmph, similar performance as Comb-DMRS.

	
	PSSCH, LOS
	For 500kmph, better performance
For 280/30kmph, similar performance
	For 500kmph, worse performance

For 280/30kmph, similar performance

	
	PSCCH, NLOS
	For 500kmph, much better performance
For 280/30kmph, similar performance
	For 500kmph, much worse performance, with error floor between 1e-3~1e-2 for 40bits and 1e-2~1e-1 for 80bits.
For 280/30kmph, similar performance

	
	PSCCH, LOS
	For 500kmph, better performance by more than 2.5dB
For 280/30kmph, similar performance
	For 500kmph, worse performance by more than 2.5dB
For 280/30kmph, similar performance

	Complexity in term of freq. offset estimation
	Low complexity
	Much larger complexity [4]

	Performance robustness
	Robust
	Not quite robust, e.g., performance may depend on DMRS sequence index, degrade for some specific multipath channels [4] , degrade for the extreme frequency offset (Fig. 5b)

	Specification impact
	Not much effort needed for DMRS sequence/CS [4]
	None


Based on the above comparison and the considerations that some specification efforts are deserved for providing better V2V reliability and safety, we have the following proposal
Proposal 1: V2V PSCCH and PSSCH apply “4V” DMRS with Comb DMRS structure.
5 Conclusions

In this contribution, we made performance evaluations for V2V PSSCH and PSCCH with Comb-DMRS structure or conventional PUSCH-DMRS structure for relative speeds of 500/280/30 kmph with LOS or NLOS. Based on the results and the discussions, we have the following observations and proposal
Observation 1: For relative 500kph with NLOS, V2V PSSCH with Comb-DMRS can work well with reduced coding rate (e.g., QPSK+1/3TC) or retransmissions (e.g., 2 (re)transmission with soft combining), while PSSCH with PUSCH-DMRS degrades severely even with reduced coding rate or retransmissions. 

Observation 2: For relative 500kph with LOS, V2V PSSCH can work at MCS of QPSK and 1/2 Turbo coding with Comb-DMRS better than PUSCH-DMRS by more than 2.0dB at BLER of 1e-3. 

Observation 3: For relative 30kmph (LOS/NLOS) and 280kmph (LOS), V2V PSSCH (with QPSK+1/2TC) achieves similar performances for Comb-DMRS and PUSCH-DMRS; while for relative 280kmph NLOS, Comb-DMRS outperforms PUSCH-DMRS apparently (the former works well while the latter has error floor between 1e-2 and 1e-3).
Observation 4: For PSCCH with 40bits over 1PRB, Comb-DMRS behaves much better than PUSCH-DMRS for relative 500kmph (with gains of 2.5dB (LOS) and 5.0dB (NLOS) at BLER of 1e-2 and error floor between 1e-2 and 1e-3 emerges for PUSCH-DMRS). For speeds of 280kmph and 30kmph, Comb-DMRS and PUSCH-DMRS achieve similar performances (the latter has slightly better performance by <1.0dB for 30kmph). 

Observation 5: For PSCCH with 80bits over 1 or 2 PRBs, Comb-DMRS behaves much better than PUSCH-DMRS for relative 500kmph (For NLOS, error floor between 1e-1 and 1e-2 emerges for PUSCH-DMRS; for LOS, the gains are about 4dB/2dB for 1PRB/2PRB transmission at BLER of 1e-2). For speeds of 280kmph and 30kmph, Comb-DMRS and PUSCH-DMRS achieve similar performances (the latter has slightly better performance by <1.0dB for 30kmph).

Observation 6: With the extreme frequency offset (i.e., 7.4kHz incl. Doppler frequencies at 500kmph), Comb-DMRS achieves similar performance as that with initial 1.8kHz frequency offset for both LOS/NLOS (for NLOS, with slight performance degradation at high SNR region), while for PUSCH-DMRS, the V2V link suffers similar error floor (at NLOS) or degrades apparently (with error floor emerging at LOS) in comparison with that with initial 1.8kHz frequency offset.
Proposal 1: V2V PSCCH and PSSCH apply “4V” DMRS with Comb DMRS structure. 
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Appendix A: Simulation Conditions
In this section, we provide summary of simulation parameters of the link level simulations.

Table 1: Summary of link level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	Control: 40 bits / 80 bits
Data: 1536 bits (about 190 bytes)
Including CRC bits.

	Resource allocation
	Control: 1 PRB, 2 PRBs (for 80bits only)
Data: 16 PRBs (QPSK+1/2TC), 24 PRBs (QPSK+1/3TC)
Single (re)transmission or 2 (re)transmissions (for data at 500kmph only). 

	MCS
	Control: QPSK, TBCC

Data: QPSK, 1/2TC or 1/3TC

	DMRS pattern/sequence
	Comb DMRS and conventional uplink DMRS

DMRS sequence index u=16 and u=0 for PSCCH DMRS and PSSCH DMRS. 

	Antenna configurations
	1 TX antenna and 2 RX antennas

	Channel model
	ITU UMi fast fading NLOS and LOS (K factor=6dB) with dual-mobility

	Velocity
	Relative velocities of 500kmph, 280kmph and 30kmph

	Frequency offsets
	1.8kHz, i.e., {Case1+CaseB}, for Fig.1~4

4.6kHz (i.e., 1.8kHz plus potential maximum Doppler frequency shifts of the two vehicle UE-eNB pairs at absolute 250kmph), for Fig.5

	Initial timing offset
	1us

	Channel estimation method
	Practical (see section 2 for details)

	Punctured symbols
	The first symbol for AGC and the last symbol for guard time within a subframe.


Appendix B: 
Frequency domain half-symbol based frequency offset estimation for Comb DMRS:

1. Transform the two half DMRS OFDM symbols into frequency domain (1/2 FFT size);

2. Compare and aggregate phase difference of the two half symbols over the interested RBs;
3. Aggregate over different DMRS OFDM symbols and receive antennas and estimate the frequency offset normalized by the subcarrier spacing, as follows
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Appendix C: 
Time domain half-symbol based frequency offset estimation for PUSCH-DMRS:
1. For each received reference symbol, convert the interested RBs (on which DMRS is used) into time-domain signal 

 where k = 0,1,2,3 (for 4 DMRS symbols) and n=0,1,…N-1, where 
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2. Similarly, convert local DMRS into time domain signal 
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3. Estimate the timing offset by finding the peak of the channel response converted into time domain. Denote the estimated delay by d. 

4. Perform a time shift to 

, which gives 
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5. The frequency offset normalized by subcarrier spacing can be estimated by computing the phase changes between the first halves and second halves of 
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Appendix D: 
Half-symbol based channel estimation algorithm for Comb DMRS:

1. After frequency offset compensation (for half DMRS symbols in frequency domain), for each half DMRS symbol, perform LMMSE channel estimation (filtering and interpolation) in frequency domain by estimating channels of each PRB from three PRBs (if available) with PRB-wise sliding (Note for PSSCH/PSCCH, 12 subcarriers of each RB is estimated from DMRS subcarriers of 3/1 PRBs, i.e., 18/6 DMRS subcarriers).
2. Make linear interpolation in time domain to estimate the channels of data OFDM symbols (#3/#4/#6/#7/#9/#10) from the 8 half DMRS symbols; and take the 1st half DMRS symbol channel estimates as the channels of data OFDM symbols (#0/#1) and the last half DMRS symbol channel estimates as the channels of data OFDM symbols (#12/#13). 
Appendix E: 
Channel estimation algorithm for PUSCH-DMRS:

1. After frequency offset compensation (in frequency domain), for each DMRS symbol, perform LMMSE channel estimation in frequency domain by estimating channels of each PRB from three PRBs (if available) with PRB-wise sliding (Note for PSSCH/PSCCH, 12 subcarriers of each RB is estimated from DMRS subcarriers of 3/1 PRBs, i.e., 36/12 DMRS subcarriers).
2. Make linear interpolation/extrapolation in time domain to estimate the channels of data OFDM symbols from the 4 DMRS symbols.
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