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1. Introduction
A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied. It is agreed that PC5 enhancements are necessary in this SI as follows:
Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.
In this contribution, we discuss RS enhancements to handle high Doppler case.
2. Discussion on DMRS structure to handle high Doppler frequency
In the previous meeting, carrier frequency and vehicle speed are agreed for the simulation assumptions. The highest carrier frequency is 6GHz, and the maximum vehicle speed is 140km/h. The higher carrier frequency and faster speed than previous study would make channel suffer from ICI and phase drift. 

Assuming that residual frequency offset after synchronization is 
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0.1ppm, the maximum frequency offset of channel between two vehicles is 1.2 KHz at 6GHz carrier frequency. The phase drift by frequency offset has linear characteristic on time, and the value exceeds 
[image: image2.wmf]p

after it passed 6 SC-FDMA symbols with normal CP. If current two SC-FDMA symbols DMRS with 7 symbol-interval is used to compensate frequency offset, ambiguity on the measurement of linear phase drift can take place due to the value more than 
[image: image3.wmf]p

. It needs to design DMRS having shorter symbol-interval than current one. 
Considering the maximum 140km/h of vehicle speed, relative speed is 280km/h. Doppler effect by high vehicle speed also causes severe phase drift, but it has not linear characteristic on time. If channel has just one path, phase by Doppler effect linearly varies. Maybe, LOS environment with one dominant path can assume approximately linear phase drift, which can be mathematically expressed with one exponential function. However, summing up different exponential functions in multi-path in NLOS environment, phase drift has fluctuation on time. To compensate it, assuming phase drift is roughly linear function of time, the phase offset obtained by DMRS can be applied for the data channel only around the DMRS in the data channel estimation. To facilitate the approach, the density of DMRS needs to be higher so that DMRS always can be mapped near all the data symbols. 
Proposal 1: In order to overcome high Doppler and high frequency offset in V2X scenario, higher density of DMRS with shorter symbol-interval needs to be designed than current one.
There is trade off relationship between RS density and data rate. Observing internal simulations, 4 symbol DMRS design seems to be proper. We list candidate enhancements as follows:
1) Method 1: 4 symbol DMRS positioned at #2, #4, #8, #10

2) Method 2: 4 symbol comb-type DMRS positioned at #3, #5, #8, #11

3) Method 3: OFDM structure with the overhead equivalent to the current PSCCH/PSSCH
RS mapping for each method is depicted in Fig. 1. When designing RS mapping, we considered that the first and last symbols are punctured. In this figure, method 1 has 2 symbol DMRSs in each slot with 2 symbol interval between DMRS at the expense of 4 symbol interval between two center-positioned DMRSs. Unlike this, 4 DMRS symbols can be mapped on #2, #5, #8, #11 symbols with equally 3 symbol interval. However, 3 symbol spacing is not sufficient to handle the phase draft of high Doppler by relative speed 140km/h and high frequency offset on 6GHz. Since phase draft value varies rapidly, there can frequently be ambiguity on measurement of phase offset between 3 symbol space. This is why method 1 showed the better performance than other possibilities. 
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Fig. 1: RS mapping for each method
Method 1 has the limitation that fast phase change within one or two symbol times cannot be estimated. To address it, comb-type DMRS such as method 2 can be applied for the offset compensation. Using comb-type RS, time signal is repeated twice within an OFDM symbol. By comparing two repeated RS sequence components in an RS symbol, very fast phase offset can be estimated. Therefore, interval size between RSs is not relevant on the estimation ability about phase offset, and thus, DMRS can be mapped with equally spacing between RSs, as shown in figure 1. Phase offset obtained on DMRS is applied for the compensation of only two neighboring data symbols on both hands of the RS, so that compensation ability can be better than method 1’s. 
Another alternative is method 3, where OFDM structure is used. Since there is no DFT spreading in OFDM structure, data can be mapped between REs to be used for RS at a given OFDM symbol. Considering that non-linearity characteristic of phase offset on time, it is desirable for RS to map on every OFDM symbols, as shown in Figure 1. Then, we do not need to estimate offset value and compensate it for the data symbols. 

The process of estimate and compensation of phase offset is described in more detail in Appendix.

3. Simulations
In this section, we evaluated three models described in section 2. We simulated them in NLOS environment. In the simulation, 6.0GHz carrier frequency, 280km/h relative speed, 190bytes message size are assumed. Also, we assumed the puncturing of the first and last symbols in the simulation. We plot the cases of 0.0KHz and 1.2KHz frequency offsets in figures 2 and 3, respectively. In each figure, three RB sizes of 15RB, 20RB, 25RB are used to check the variation of performance depending on coding rates. 
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Fig. 2: Comparison the performance among methods 1, 2 and 3 assuming 0.0KHz frequency offset.
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Fig. 3: Comparison the performance among methods 1, 2 and 3 assuming 1.2KHz frequency offset
Firstly, it can be checked in figures 2 and 3 that there are performance gaps by less than 0.5 dB, comparing the results of 0.0KHz and 1.2KHz frequency offsets. From the observation, we can see that Doppler effects are a bottle neck of the performance than frequency offset. Maybe, it is because that Doppler effects generates non-linear phase offset on time, while phase variation by frequency offset is linear on time.
Secondly, it can be observed in figures 2 and 3 that method 2 has a better performance compared to method 1 which performance even represents floor character. It is because that the compensation of phase offset is carried out by using neighboring DMRS for all the data symbols in method 2, while #6 and #12 data symbols can be compensated by two symbol spaced DMRS in method 1, so that it doesn’t work well by non-linearity character of phase rotation. Also, method 2 estimates the phase offset from comparing the phase variation on 0.5 symbol interval, while method 1 estimates the phase offset from comparing the phase variation on 2 symbol interval. Sometimes, rapid varying phase offset would be difficult to be estimated by method 1.

Thirdly, we can observe in figures 2 and 3 that the performance of method 3 is better than that of method 2 with the gain of 1.3 dB or 2.5 dB at the 0.1 BLER depending on the coding rate. This gain of method 3 mainly comes from even better channel estimation compared to method 2 by placing DM RS in every symbol. However, the OFDM structure has higher PAPR which requires transmit power reduction. Up to 4 dB power reduction was agreed for SSSS transmission in Rel-12 in order to compensate its high PAPR, and the gain of method 3 over method 2 seems to be marginal or even negative when similar power reduction applies to method 3. Considering that there will be significant impact in the specifications and UE implementations if an OFDM-based sidelink channel is introduced, solutions based on SC-FDMA such as method 2 should be the first priority for further study.
Proposal 2: Enhancements to sidelink physical channel structure based on SC-FDMA waveform should be the first priority in further study.

Proposal 3: Comp-type RS sequence is appropriate to handle high Doppler effects and high frequency offset.
4. Conclusion
This contribution discussed RS enhancements to handle high Doppler case. The proposals based on the discussion are given as follow:
Proposal 1: In order to overcome high Doppler and high frequency offset in V2X scenario, higher density of DMRS with shorter symbol-interval needs to be designed than current one.
Proposal 2: Enhancements to sidelink physical channel structure based on SC-FDMA waveform should be the first priority in further study.

Proposal 3: Comp-type RS sequence is appropriate to handle high Doppler effects and high frequency offset.
______________________________________________________________________
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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. 
Method 1

1) RX UE estimates the frequency channel response in the four RS symbols.

2) RX UE calculates the phase rotation rate of each slot by comparing the frequency channel response of the two RS symbols in the same slot.

3) RX UE compensates the received frequency signal of data symbols and the estimated frequency channel response of DMRS symbols of each slot by assuming constant phase rotation in the slot. 

4) RX UE estimates the frequency channel response of data symbols in each slot by using interpolation of compensated frequency channel response of DMRS symbols in the slot.

Method 2
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.

3) RX UE calculates the phase rotation rate within each DMRS symbol by comparing the two received frequency signals in the DMRS symbol.
4) RX UE compensates the received frequency signal of each DMRS symbol and neighboring two data symbols on both hands of the DMRS by assuming constant phase rotation in the three symbols.
5) RX UE estimates the frequency channel response of each DMRS symbol and neighboring two data symbols on both hands of the DMRS by assuming the same channel of the three symbols.
Method 3

1) RX UE estimates the frequency channel response in all the RS symbols in the subframe by using DMRS over two REs per RB.
2) There is no need to estimate phase rotation by frequency offset.
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� This showed the best performance among several possibilities of placing 4 DM RS symbols in a subframe.
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