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1 Introduction

At the TSG RAN1 Meeting #83, the following agreements were reached on the DMRS enhancements for V2V [1].
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 addition, the following agreement and working assumption have been made in RAN1#83:

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.
In this paper, we made performance evaluations for the four DMRS options agreed by RAN1, and in addition we evaluated the performance of comb DMRS option 1, which has been identified as alternative solution in case the four DMRS options listed above cannot meet the performance requirements for PC5 V2V. Additionally, some investigations and evaluations are performed for the potential impact of cellular PUCCH/PUSCH on the comb DMRS structure. Based on the discussions, several observations are provided. 
2 Evaluation results of DMRS options
Based on the agreements, link level simulations are conducted to evaluate the performance of the 4 DMRS options and compare with that of Comb DMRS under the two frequency-offset assumptions (i.e., the extreme case {Case1+CaseB} and the avg. case {Case2+CaseA}). In the simulations the V2V message sizes of 190 bytes and 300 bytes are simulated with the baseline modulation and coding rate (i.e., QPSK, 1/2TC). The detailed simulation conditions are listed in Table 1 shown in Appendix. The receiving algorithms used in the simulations are listed in Table 2 in Appendix. 
The simulation results for the 4 DMRS options and Comb DMRS option 1 are shown in Fig.1~Fig.4. In the simulations, at the receiver side, firstly frequency offset is estimated in frequency domain, followed by the frequency offset compensation which is also made in frequency domain. Then, channel estimation and equalization are performed and the final processing is the demodulation and decoding. For the frequency offset compensation, two types of processing are simulated: 1) intra-OFDM-symbol inter-subcarrier-interference (ICI) compensation plus inter-OFDM symbol phase rotation; 2) only inter-OFDM symbol phase rotation, corresponding to the solid curves and dash curves in the figures, respectively. More details of the frequency offset estimation and compensation algorithms can be found in [2]. 
From the simulation results, we can make the following observations:
Observation 1: All the four DMRS options identified in RAN1#83 present error floors not only for {Case1+CaseB} but also for the more moderate frequency offset in {Case2+CaseA}. 
Observation 2: On the other hand, option-1 with comb DMRS behaves much better and has no error floor.
Observation 3: Among the four options identified in RAN1#83 (i.e., without use of comb DMRS), option-3 behaves the least badly, especially with relatively large frequency offset.

Observation 4: Intra-OFDM symbol inter-subcarrier-interference compensation brings some performance gains for large frequency offset, while little gain for moderate/low frequency offset. 
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Figure 1: Results for 190 bytes and {Case1+CaseB} (solid curves: ICI compensation plus inter-OFDM symbol phase rotation for frequency offset compensation; dashed curves: only inter-OFDM symbol phase rotation). 
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Figure 2: Results for 190 bytes and {Case2+CaseA} (solid curves: ICI compensation plus inter-OFDM symbol phase rotation for frequency offset compensation; dashed curves: only inter-OFDM symbol phase rotation).
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Figure 3: Results for 300 bytes and {Case1+CaseB} (solid curves: ICI compensation plus inter-OFDM symbol phase rotation for frequency offset compensation; dashed curves: only inter-OFDM symbol phase rotation).
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Figure 4: Results for 300 bytes and {Case2+CaseA} (solid curves: ICI compensation plus inter-OFDM symbol phase rotation for frequency offset compensation; dashed curves: only inter-OFDM symbol phase rotation).
3 Potential impact of PUCCH/PUSCH on Comb DMRS
For the PC5 V2V transmissions with Comb DMRS, one needs to consider also the potential impact of cellular PUCCH/PUSCH transmissions on the Comb DMRS specific operations. In particular, the two half-symbol FFT transforms (with 1/2 FFT size) to frequency domain, which is performed for frequency offset estimation for Comb DMRS, may face significant interference from the frequency multiplexed cellular PUCCH/PUSCH transmissions due to the half-OFDM symbol FFT transform for the PUCCH/PUSCH signals which do not have the repetitive structure in time domain. This may occur even for the dedicate V2X carrier case where eNB-type or UE-type RSUs are involved. The interference may become severe under some specific near-far situations (e.g., a cellular UL transmitter is nearer to the V2V receiver than the V2V transmitter). 
In this section we investigate the impact of PUCCH/PUSCH under varied levels of power imbalance at the V2V receiver in order to evaluate the actual impact on reception of V2V signal. The simulation conditions are listed in Table 1 and the results are shown in Fig. 5 and Fig. 6. In the simulations only the V2V message size of 190 bytes with the extreme frequency offset scenario is assumed, together with the frequency multiplexed cellular PUCCH/PUSCH occupying 3 successive PRBs with adjustable receiving power. In order to alleviate the interference from cellular PUCCH/PUSCH, a guard band of one PRB with specific filtering are considered. The algorithm for the filtering is shown in Table 2. 
From the simulation results, we can get the following observations:
Observation 5: Co-channel PUCCH/PUSCH may have severe impact on Comb-DMRS based frequency offset estimation if no filtering is used, in particular for large imbalance between comb and non-comb signals.
Observation 6: The interference from PUCCH/PUSCH to Comb-DMRS specific operations can be largely suppressed if guard band (e.g., 1PRB) and frequency domain filtering are used at the UE receiver.

Observation 7: Under strong co-channel interference from PUCCH/PUSCH, DMRS option-1 with comb still achieves much better performance than DMRS option-3. 
In the extreme case of very strong co-channel interference from PUSCH/PUCCH, the performance of the PC5 signal reception will degrade due to the frequency offset between the interferer and the PC5 signals. This is true for the evaluated DM-RS options as well as for the Comb-DMRS, but performance of Comb-DMRS is still significantly better. In fact, the results in Fig. 5 and 6 show that Comb-DMRS is robust against interference that does not follow the Comb structure, with limited impact on UE complexity. 
Based on these observations we conclude that none of the four DMRS options identified in RAN1#83 are able to satisfy the required performance PC5 V2V communications link due to the error floors that are intrinsic to the design of DMRS options and the frequency offset errors experienced in PC5 V2V communications. Hence we propose the following:

Proposal 1: Adopt DMRS option 1 with comb for PC5 V2V communications. 
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Figure 5: Results for Comb DMRS Option 1 with co-channel PUCCH/PUSCH.
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Figure 6: Results for DMRS Option 3 with co-channel PUCCH/PUSCH.
4 Conclusions

In this contribution, we evaluated the performance of the 4 DMRS options and compare with the Comb DMRS option 1. In addition, some investigation and evaluations were made on the potential impact of cellular PUCCH/PUSCH on the Comb DMRS specific operations. Based on the analysis we make the following observations: 
Observation 1: All the four DMRS options identified in RAN1#83 present error floors not only for {Case1+CaseB} but also for the more moderate frequency offset in {Case2+CaseA}. 
Observation 2: On the other hand, option-1 with comb DMRS behaves much better and has no error floor.
Observation 3: Among the four options identified in RAN1#83 (i.e., without use of comb DMRS), option-3 behaves the least badly, especially with relatively large frequency offset.

Observation 4: Intra-OFDM symbol inter-subcarrier-interference compensation brings some performance gains for large frequency offset, while little gain for moderate/low frequency offset. 

Observation 5: Co-channel PUCCH/PUSCH may have severe impact on Comb-DMRS based frequency offset estimation if no filtering is used, in particular for large imbalance between comb and non-comb signals.
Observation 6: The interference from PUCCH/PUSCH to Comb-DMRS specific operations can be largely suppressed if guard band (e.g., 1PRB) and frequency domain filtering are used at the UE receiver.

Observation 7: Under strong co-channel interference from PUCCH/PUSCH, DMRS option-1 with comb still achieves much better performance than DMRS option-3.
Based on these observations we conclude that none of the four DMRS options identified in RAN1#83 are able to satisfy requirements for PC5 V2V communications due to the unavoidable error floors, and hence we propose the following:

Proposal 1: Adopt DMRS option 1 with comb for PC5 V2V communications.
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6 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
	Note

	Carrier frequency
	6.0 GHz
	

	Bandwidth
	10MHz
	

	V2V message packet size
	1536 bits (about 190 bytes)

2432 bits (about 300 bytes)
Including CRC bits.
	

	Resource allocation
	Successive 16 PRBs and 24 PRBs for 190 bytes and 300 bytes, respectively. No retransmission. 
	

	Packet modulation/coding
	QPSK, 1/2 Turbo coding
	

	DMRS pattern
	DMRS option-1/2/3/4 w/o comb

DMRS option-1 w. comb structure
	

	Antenna configurations
	1 TX antenna and 2 RX antennas
	

	Channel model
	ITU UMi fast fading NLOS with dual-mobility
	

	Velocity for vehicle TX UE, PUCCH/PUSCH TX UE, and RX UE
	140kmph (i.e., the relative velocity is 280kmph) 

	

	Frequency offsets
	Extreme case {Case1+CaseB} and avg. case {Case2+CaseA}
	

	Channel estimation method
	LMMSE in frequency and linear interpolation in time (refer to table 2 for details)
	

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

	Cellular PUCCH/PUSCH resource allocations
	Successive 3 PRBs, frequency multiplexed with V2V PRBs with one PRB as guard band.

PUCCH/PUSCH receiving power: 10dB/20dB/25dB/30 dB over PC5 V2V receiving power.

.
	Only for section 3


7 Appendix B: Algorithms Descriptions

In this section, we provide summary of simulation parameters of the link level simulations.

Table 2: Descriptions of relevant algorithms
	Items
	Algorithms

	Frequency offset estimation for non-comb DMRS
	1) Transform to frequency domain (FFT size);
2) Compare phase difference over adjacent DMRS OFDM symbols (as mentioned in agreements) and aggregate;

3) Calculate the frequency offset estimate. 



	Frequency offset estimation for comb DMRS w/o filtering
	For each DMRS OFDM symbol:
1) Transform the two half DMRS OFDM symbols into frequency domain (1/2 FFT size);
2) Compare phase difference over the two half symbols in frequency domain and aggregate;

3) Aggregate over different DMRS OFDM symbols;

4) Calculate the frequency offset estimate.



	Frequency offset estimation for comb DMRS w. filtering (for section 3)
	For each DMRS OFDM symbol:

1) Transform the DMRS OFDM symbol into frequency (FFT size);

2) Filter the PUCCH/PUSCH components and guard band (nulling);

3) Transform to time domain (FFT size);

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

5) Compare phase difference over the two half symbols in frequency domain and aggregate;
6) Aggregate over different DMRS OFDM symbols;

7) Calculate the frequency offset estimate.



	Frequency offset compensation
	Inter-OFDM symbol phase rotation, or plus intra-OFDM symbol ICI compensation. More details can be found in [2]. 

	Channel estimation
	LMMSE channel estimation in frequency domain (estimation of one PRB from three PRBs with PRB-wise sliding) and linear interpolation in time domain
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