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1 Introduction 
At the TSG RAN1 Meeting #84, the following agreements were reached on the DMRS enhancements for V2V [1].
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

Conclusion:
· Continue performance evaluations with following additional assumptions until the next meeting
· At least 1 micro sec timing error
· 1 PRB 
· 15 kHz and 30 kHz subcarrier spacing to confirm WA in the next meeting
· Companies can consider RAN4 response LS related to Doppler shift parameter
In this paper, we make further link level simulation evaluations for the PC5-based V2V control and data transmissions, focusing on the evaluation and comparison of the comb DMRS and conventional DMRS (with half-symbol based processing) in terms of link performance and computational complexity. In addition, the potential specification impact of the comb DMRS structure is discussed briefly. The discussions on the V2V enhancements for relative speed up to 500kmph is discussed in companion paper [3] and some overall summary is provided in companion paper [4].
2 Evaluation results of DMRS structure

Link level simulations are performed to evaluate and compare the two candidate DMRS structures: comb DMRS and conventional DMRS. Except the DMRS structure itself, the main difference is the frequency offset estimation algorithm. With the conventional DMRS, the half-symbol based frequency offset estimation is used (with potential up-sampling for narrow bandwidth transmission e.g., V2V control, on basis of the algorithm description of [2]). The details of the involved algorithms are described in the appendix. 
2.1 Performance evaluations

The link level performance evaluation contains two parts: one is for the V2V control transmission and the other is for the V2V data transmission. Note that both the control and data transmissions are assumed to contain only single transmission (i.e., no retransmissions). In addition, timing offset of one micro second and frequency offset of 1.8kHz with dual mobility of relative speed of 280kmph are used in the simulations for both control and data. The detailed simulation conditions are listed in the appendix. 
V2V control
The simulation results of V2V control for conventional DMRS structure with half-symbol based frequency offset estimation are shown in Figure 1. The motivation of these results is to optimize the half-symbol based algorithm for the conventional DMRS to compare with comb DMRS structure more fairly. From the results, we can observe that with presence of timing offset, the timing synchronization procedure of the half-symbol based algorithm entails sufficiently fine time sampling granularity to guarantee the frequency offset accuracy. Thus, for the V2V control transmission over one PRB, an up-sampling is needed through larger-size IDFT than the subcarrier number (i.e., 12) of the transmission. In this case, the computational complexity of the half-symbol based algorithm may be a concern. To clarify this, the complexity is analyzed for the two DMRS structures in the next subsections. Furthermore, it is observed that the performance depends on the DMRS base sequence.  
The link level performance of the comb DMRS and conventional DMRS is compared in Figure 2. Here, for the half-symbol based algorithm of the conventional DMRS, an up-sampling with 256-IDFT is used. From the results, we can see that the comb DMRS and conventional DMRS achieve similar link performances. 

The observations are summarized as follows

Observation 1: For the conventional DMRS, the half-symbol based algorithm needs timing synchronization with up-sampling for narrow bandwidth transmission (e.g., V2V control), performed separately for each individual vehicle transmitter. 
Observation 2: For V2V control transmission, the comb DMRS and conventional DMRS achieve similar performances with the latter slightly better for specific DMRS base sequence. 
[image: image1.emf]-4 -2 0 2 4 6 8 10 12

10

-2

10

-1

10

0

SNR,dB

BLER

280kmph, 6.0GHz, timing offset=1us, freq offset=1.8KHz, 40bits, 1PRB

 

 

12-IDFT,u=0

12-IDFT,u=16

256-IDFT,u=0

256-IDFT,u=16

512-IDFT,u=0

512-IDFT,u=16


Figure 1: Results for conventional DMRS with different up-sampling and for DMRS base sequences u=0 and 16. 
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Figure 2: SA performance with the two DMRS schemes.
V2V data

Our link level evaluations of the V2V data focus on the payload sizes of 190/300/50 bytes for comparison between the comb DMRS structure and the conventional DMRS with half-symbol based algorithms. The simulation results are shown in Figure 3~5, corresponding to the three payload sizes, respectively. For each payload size, two MCSs are simulated, that is, QPSK+0.5TC and 16QAM+~0.5TC. The relative velocity of 280kmph is simulated for the former MCS while for the latter MCS, two relative velocities are simulated, 280kmph and 30kmph. Note that except the ITU UMi NLOS fast fading channel with dual mobility used in Figure 3~5, a modified ITU UMi NLOS fast fading channel is also simulated with results in Figure 6. In the modified channel model, the first 5 original paths are combined as the first path, while the other paths (#6~#19 paths) are combined as the second path with the delay as 0.5 micro second. The motivation of using the modified channel model is to test the performance of the two DMRS structures under other multipath channel conditions except ITU UMi NLOS fast fading, which makes sense considering that in practical applications, various radio channel conditions may be encountered and the applied DMRS structure should be robust for different radio channels. 

From the results, we can see that with ITU UMi channel, the comb DMRS achieves slightly better performance than the conventional DMRS for the low velocity of 30kmph, and the performance gains of the comb DMRS becomes larger for high mobility of 280kmph, especially for high rate MCS and/or small payload size. From Figure 6, we can also find that for the half-symbol based conventional DMRS, there emerges a relatively high error floor for the modified ITU UMi fast fading channel. The reason may be that the half-symbol based frequency offset estimation is performed in time domain and thus multipath interference may degrade the frequency offset estimation accuracy. 
The observations are summarized as follow

 Observation 3: For V2V data transmission, the comb DMRS achieves better performance than the conventional DMRS, with the performance gap large in some cases. The conventional DMRS suffers error floor in high mobility of relative 280kmph. 
Observation 4: The performance of the half-symbol based algorithm for conventional DMRS may be severely degraded under some specific multipath channels.
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Figure 3: Results for V2V data with payload 190bytes (relative 280kmph if no otherwise specified)
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Figure 4: Results for V2V data with payload 300bytes (relative 280kmph if no otherwise specified)
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Figure 5: Results for V2V data with payload 50bytes (relative 280kmph if no otherwise specified)
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Figure 6: V2V data performance with modified ITU UMi channel (190 bytes, 16QAM, 9 PRBs)

2.2 Complexity comparison 
The complexity of the half-symbol based conventional DMRS usage may be a concern, especially considering the up-sampling in the half-symbol based processing. The computational complexity of the two DMRS structures are analyzed in this section for the particular operation of frequency offset estimation, since it’s the main difference for these two schemes.
As per the algorithm description shown in the appendix, the half-symbol based frequency offset estimation mainly consists of three steps: transform to time domain with up-sampling, timing synchronization and half-symbol based correlation in time domain. Note that this operation is performed once for each FDMed resource in the SA pool and for each data transmission. 

For the comb DMRS scheme, the frequency offset estimation complexity mainly consists of the two FFT transforms for the two half DMRS symbols with half size (in comparison with the FFT size corresponding to the carrier bandwidth) and the correlation in the frequency domain. Note that the complexity dominating part of the two FFT transforms with half size is performed once, independent of the number of the FDMed SA resources or data transmissions. 
For simplicity, here we assume that the complexity analysis focuses on the SA resource pool and assume that M PSCCHs are frequency multiplexed per subframe. The complexity of the two DMRS schemes is approximated as shown in Table 1, where 
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represents the IDFT transform size in the half-symbol based algorithm. Note that the complexity is per DMRS symbol and receive antenna. 
Table 1: Complexity analysis and comparison
	
	Number of complex multiplications
	Number of complex adding

	Comb DMRS
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	Half-symbol based conventional DMRS
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In a numerical example, assume 
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the complexity of the frequency offset estimation of the two DMRS schemes for all the 4 DMRS symbols per subframe and the 2 receive antennas as shown in Table 2.
Table 2: Example of complexity comparison

	
	Number of complex multiplications
	Number of complex adding

	Comb DMRS
	37824
	74688

	Half-symbol based General DMRS
	471040
	552960


Based on above analysis, we can get the following observation:
Observation 5: The complexity of conventional DMRS with half-symbol based processing is much larger than that of the comb DMRS for frequency offset estimation.
3 Specification impact of Comb DMRS
This section discusses the potential impact of the comb DMRS on the system specifications. Generally speaking, two aspects are involved: new DMRS sequence and cyclic shift issues. These two aspects are discussed as follows.
New DMRS sequence

For V2V control over PSCCH, the transmission bandwidth is one PRB, which means that the PSCCH DMRS sequence with length 6 is needed to be defined. As per LTE R12 PC5 specification, the PSCCH DMRS sequence is fixed and there are no group/sequence hopping and cyclic shifting. In this sense, only one new DMRS sequence with length 6 is to be defined. The new length-6 DMRS sequence could be searched as done for the length-12/24 uplink DMRS sequence in LTE. 

For V2V data over PSSCH, two cases can be envisioned, as follows
· PSSCH with even number of PRBs

In this case, it is obvious that the existing DMRS sequence could be directly used. This also means that if the V2V PSSCH resource allocation is restricted to even number of PRBs, there is no need for the new PSSCH DMRS sequences. 
· PSSCH with odd number of PRBs

In this case, for PSSCH with more than 7 PRBs, the DMRS sequence could be generated directly according to the Zadoff-Chu sequence generation method. For PSSCH over 3 or 5 PRBs, new DMRS sequences with lengths of 18 and 30 for 3-PRB case and 5-PRB case need be searched and defined, (potentially in similar way to the length-12/24 UL DMRS sequences in LTE), as there are less than 30 sequences can be formed if Zadoff-Chu sequences are used. 

Cyclic shift for comb DMRS

For PSSCH in LTE R12 PC5, the DMRS cyclic shifting is enabled with the 8 cyclic shifts usable, depending on the group destination identity conveyed in SA. For the V2V data transmission over PSSCH, it is reasonable to also enable the cyclic shifting over the DMRS sequence to suppress the potential interference, especially when the vehicle density is very high. In this case, the cyclic shifting depending on the source identity, instead of the destination identity, seems more appropriate. 
For the comb DMRS, since the number of the DMRS subcarriers is reduced by half, the cyclic shifting for the comb DMRS shall be further considered. We have considered three options as follows
· Option-1: Six cyclic shifts are supported over period of 6 DMRS subcarriers, which corresponds to one PRB. Thus, there are no any restrictions to the V2V data resource allocation. The potential issue with this option is that the less number of cyclic shifts (than option-2) means the collision interference may be increased to some extent. But this shall not be a problem for the scenario with low vehicle density e.g. highway. 

· Option-2: Eight cyclic shifts are defined over period of 12 DMRS subcarriers, e.g., in the form 
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. In this case, since 12 DMRS subcarriers correspond to 2 PRBs, thus the resource allocation is restricted to be in granularity of 2 PRBs. In comparison with option-1, the option-2 is more suitable for scenarios with dense vehicles e.g. urban environments. 
· Option-3: Eight cyclic shifts are defined in the similar way as comb SRS. However, since the cyclic shifting is performed over period of 8 DMRS subcarriers, the resource allocation granularity shall be 4 PRBs. 

Based on the cons and pros of different options, option-1 or option-2 seems most preferred. 

Observation 6: For comb DMRS, new DMRS sequences and cyclic shifting for the comb DMRS sequence need to be defined, but the standardization efforts seems not large (for new DMRS sequences, at most length-6/18/30 sequences need to be defined). 
4 Conclusions

In this contribution, the link level simulation evaluations are made for the candidate PC5-based V2V DMRS schemes, including the comb DMRS and the conventional DMRS with half-symbol based processing. In addition, the potential specification impact of the comb DMRS is discussed. We summarize the discussions to the following observations:  
Observation 1: For the conventional DMRS, the half-symbol based algorithm needs timing synchronization with up-sampling for narrow bandwidth transmission (e.g., V2V control), performed separately for each individual vehicle transmitter. 
Observation 2: For V2V control transmission, the comb DMRS and conventional DMRS achieve similar performances with the latter slightly better for specific DMRS base sequence. 
Observation 3: For V2V data transmission, the comb DMRS achieves better performance than the conventional DMRS, with the performance gap large in some cases. The conventional DMRS suffers error floor in high mobility of relative 280kmph.. 
Observation 4: The performance of the half-symbol based algorithm for conventional DMRS may be severely degraded under some specific multipath channels.
Observation 5: The complexity of conventional DMRS with half-symbol based processing is much larger than that of the comb DMRS for frequency offset estimation.
Observation 6: For comb DMRS, new DMRS sequences and cyclic shifting for the comb DMRS sequence need to be defined, but the standardization efforts seems not large  (for new DMRS sequences, at most length-6/18/30 sequences need to be defined).
Based on the observations we propose that 
Proposal 1: The comb DMRS is used for V2V PSCCH and PSSCH. 
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6 Appendix A: Simulation Conditions
In this section, we provide summary of simulation parameters of the link level simulations.
Table 3: Summary of link level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	Control: 40 bits

Data: 1536 bits (about 190 bytes) , 2432 bits (~300bytes), 400 bits (50 bytes)
Including CRC bits.

	Resource allocation
	Control: 1 PRB

Data: 

190 bytes: 16 PRBs (QPSK)/9 PRBs (16QAM); 

300 bytes: 24 PRBs (QPSK)/15 PRBs (16QAM); 

50 bytes: 4 PRBs (QPSK)/2 PRBs (16QAM).
No retransmission. 

	MCS
	Control: QPSK, TBCC

Data: QPSK+~0.5TC, 16QAM+~0.5TC

	DMRS pattern
	Comb DMRS and conventional uplink DMRS

	Antenna configurations
	1 TX antenna and 2 RX antennas

	Channel model
	ITU UMi fast fading NLOS with dual-mobility

	Velocity
	140kmph (i.e., relative 280kmph)
15kmph (i.e., relative 30kmph), only simulated for V2V data

	Frequency error
	1.8kHz, i.e., {Case1+CaseB}

	Timing error
	1 micro second

	Channel estimation method
	LMMSE in frequency and linear interpolation in time (see appendix B for detail)

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


7 Appendix B: Algorithms Descriptions

In this section, the involved algorithms are described in details.

Frequency offset estimation using half-symbol based algorithm on conventional 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 

.

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 
[image: image25.wmf]))

,

(mod(

)

(

,

hs

IDFT

k

k

N

d

n

r

n

r

+

=

.
5. The frequency offset normalized by subcarrier spacing can be estimated by computing the phase changes between the first halves and second halves of 

. Specifically, 
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                                          (1)
Frequency offset estimation using 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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Channel estimation algorithm:

1. After frequency offset compensation (in frequency domain), for each DMRS symbol, perform LMMSE channel estimation in frequency domain by estimating channels of one PRB from three PRBs with PRB-wise sliding. 

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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