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Introduction
At the RAN #71 meeting, a study item (SI) on next generation new radio access technology (RAT) was approved [1]. The objectives of the SI related to fundamental physical layer signal structure for new RAT are listed as follows:
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband
· …..
(2) The new RAT shall be inherently forward compatible
· It is assumed that the normative specification would occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019)
· …….
(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
· .....
Besides, high speed scenarios are the important scenarios for NR, the evaluation assumptions, for example carrier frequency is 4GHz and mobility is up to 500km/h, are shown in Table A.1.1-4 in TR 38.802 [2]. However, in the high speed scenario, system performance will be significantly degraded by Doppler effect. Some possible physical layer enhancement methods are introduced, for example, increasing subcarrier spacing and increasing reference signal density. The subcarrier spacing related working assumption and agreements in NR SI are shown in the following.
In RAN1 #84bis meeting [3],
Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
Agreements:
· RAN1 will continue further study and conclude between following alternatives in the next meeting
- Alt. 1:
· The subcarrier spacing for the NR scalable numerology should scale as
· fsc = f0 * 2m
· where
· f0 is FFS
· m is an integer chosen from a set of possible values
- Alt. 2:
· The subcarrier spacing for the NR scalable numerology should scale as
· fsc = f0 * M
· where
· f0 is FFS
· M is an integer chosen from a set of possible positive values
· All companies are requested to analyze/evaluate following aspects
· Realistic phase noise
· How each alternative allows mixing different numerologies
· All companies are requested to propose exact values of 
· f0, m, and M
In In RAN1 #85 meeting [4],
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology
In RAN1 #86 meeting [5],
Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms
According to the above working assumption and agreements, in this contribution, we will focus on the discussion for the system impacts in high speed scenarios and the considerations of necessary physical layer structure enhancement such as enhanced DMRS and increased subcarrier spacing in high speed scenarios for NR.
Discussion on the physical layer structure enhancement in high speed scenarios for NR 
For NR SI, in 3GPP RAN1 #84bis meeting, the following agreement related to high speed scenarios was achieved.
Agreed high speed train assumptions in R1-163887
In R1-163887 [6], the proposal considers 4 GHz for macro only, 4GHz and 30GHz for BS to relay. Besides, in 3GPP RAN1 #85 meeting, the following agreement related to high speed scenarios for NR SI was achieved.
Agreed R1-166001 except for brackets and FFS parts
In R1-166001 [7], the proposal supports the maximum speed 500km/h for high speed train scenario. Moreover, R1-166031 [8] proposed NR waveform evaluation should include performance assessment in high speed scenarios with carrier frequency 4GHz and mobility up to 500km/h that was treated in RAN1 #85 meeting. Therefore, we will consider that carrier frequency is 4GHz and speed is 500km/h for the high speed scenario in the contribution, and we will discuss the following issues,
1) The system impacts in the high speed scenario for NR.
2) The considerations of physical layer structure enhancement in the high speed scenario for NR.
The system impacts in the high speed scenario for NR
In this section, the following system impacts in the high speed scenario for NR will be discussed. When a UE locates in a fixed location, there is no inter-carrier interference (ICI). However, when the UE begins to move, the ICI occurs. We neglect the noise term, and then the OFDM received signal with ICI can be expressed as follows,

                                                           
where Xk, Yk, ICIk are the frequency domain transmitted signal, received signal and ICI terms at k-th sub-carrier, respectively. Besides, Hk,m is the channel frequency response from m-th sub-carrier to k-th sub-carrier.
In the high speed scenario for NR, i.e. carrier frequency is 4GHz and the speed is 500km/h, the normalized Doppler frequency  defined as fd*TU where fd is the maximum Doppler frequency and TU is the useful symbol duration (TU=66.67s in legacy LTE) will be up to 12%. In general, the Doppler effect is significant when the normalized Doppler frequency is larger than 10%.
When the normalized Doppler frequency is large, the ICI will also be large and then the system performance will be degraded significantly. Besides, channel estimation will be another system impact due to Doppler effect because the channel is fast time-variant and will be not easy to estimate correctly when the normalized Doppler frequency is large.
Demodulation reference signal (DMRS) can be used to estimate channel in the receiver. Based on the assumption that channel varies linearly during two neighboring DMRS sequences (i.e. DMRS symbols), DMRS symbols can be used to effectively estimate channel by using linear interpolation method. However, when channel varies fast and non-linearly during two neighboring DMRS symbols, the accuracy of channel estimation will be significantly degraded.
For current DMRS in legacy LTE, the separation of two neighboring DMRS symbols is one slot, i.e. 0.5ms. A total of 7 symbols represent one slot in case normal cyclic prefix is used. In the high speed scenario for NR, i.e.  is about 12%, the number of the channel average fading cycle is about 12%*7=0.84 during two neighboring DMRS symbols for the normal cyclic prefix case. When the number of the channel average fading cycle is larger than 0.5 during two neighboring DMRS symbols, the channel varies non-linearly and DMRS symbols can’t be used to effectively estimate channel by using linear interpolation method. Therefore, current DMRS in legacy LTE is not enough for channel estimation in the high speed scenario for NR. 
Observation 1: In the high speed scenario for NR supporting carrier frequency of 4GHz and speed of 500km/h, the system performance will be significantly degraded due to inter-carrier interference, and the current DMRS in legacy LTE is not enough for channel estimation due to the linearity of the channel is destroyed by Doppler effect.
The considerations of physical layer structure enhancement in the high speed scenario for NR 
In this section, the following considerations for physical layer structure enhancement in the high speed scenario for NR will be discussed.
Part A: Increase DMRS density for physical layer structure enhancement in the high speed scenario for NR
One kind of physical layer structure enhancement for the above-mentioned issues is to increase DMRS density to reduce time interval between neighboring DMRS symbols. The agreements for increasing DMRS density in RAN1 #84 meeting [9] are as follows,
Agreements:
Adopt DMRS location option 1 for PSCCH/PSSCH for V2V
From the above agreements, the location of the DMRS symbols are #2, #5, #8, and #11 for a subframe, and the separation of two neighboring DMRS symbols is 3 symbols. Then, the number of the channel average fading cycle will be reduced to 12%*3=0.36 during two neighboring DMRS symbols in the high speed scenario for NR. Therefore, increase DMRS density to 4 symbols per subframe may be enough for channel estimation in the high speed scenario for NR. 
Observation 2: Increase DMRS density can improve accuracy of channel estimation when we use the DMRS to estimate channel in the receiver.
Part B: Increase subcarrier spacing for physical layer structure enhancement in the high speed scenario for NR
When we increase subcarrier spacing, the normalized Doppler frequency will be reduced and hence the Doppler effect will be mitigated without any advanced ICI cancellation design in the receiver. For example, when we increase subcarrier spacing from 15KHz in legacy LTE to 30KHz, the normalized Doppler frequency will be reduced from 12% to 6% in the high speed scenario that carrier frequency is 4GHz and speed is 500km/h. Then, the ICI will be mitigated and the system performance will be improved without any advanced ICI cancellation design in the receiver. Besides, the number of the channel average fading cycle will be reduced to 6%*7=0.42 during two neighboring DMRS symbols for current DMRS in legacy LTE, and the performance of channel estimation can be improved without any advanced ICI cancellation design in the receiver.
Moreover, when we increase subcarrier spacing, the range of carrier frequency offset (CFO) detection will be increased and the ambiguity issue for the carrier frequency offset detection will be alleviated because the range of the carrier frequency offset detection is proportional to the subcarrier spacing. For example, when we increase subcarrier spacing from 15KHz to 30KHz and we use the current DMRS, i.e. 2 DMRS symbol per 1ms, to detect the carrier frequency offset, the range of the carrier frequency offset detection will be increased from ±1KHz to ±2KHz. Therefore, the ambiguity issue for frequency offset can be alleviated.
Observation 3: Increase subcarrier spacing is another option to mitigate the Doppler effect and alleviate the ambiguity issue for the CFO detection in the receiver without any advanced design when we use the DMRS to estimate channel and detect the CFO. 
Part C: Using both increase DMRS density and increase subcarrier spacing for physical layer structure enhancement in the high speed scenario for NR
The third enhancement can be Part A combined with Part B, i.e. using both increase DMRS density and increase subcarrier spacing. For this enhancement, the ICI will be mitigated and the system performance will be improved without any advanced ICI cancellation design in the receiver. Besides, the number of the channel average fading cycle will be further reduced during two neighboring DMRS symbols, and it can further improve the accuracy of channel estimation in the high speed scenario when we use DMRS to estimate channel in the receiver.
Observation 4: Using both increase DMRS density and increase subcarrier spacing can effectively mitigate the Doppler effect, improve channel estimation performance and alleviate the ambiguity issue for the CFO detection in the receiver without any advanced design for the high speed scenario supporting carrier frequency of 4GHz and speed of 500km/h when we use the DMRS to estimate channel and detect the CFO.
Simulation results
Uncoded & coded BER (Bit Error Rate) performance comparisons among legacy LTE and physical layer enhancement methods with different DMRS density and different subcarrier spacing are evaluated for 4QAM & 16QAM modulation in the high speed scenario supporting carrier frequency of 4GHz and speed of 500km/h. Simulation parameters are shown in Table 1 in Appendix. Line of sight (LOS) and NLOS (Non-LOS) channels are used in the simulation. The LOS channel we use is the first clustered delay line (CDL) model in R1-168174 [10] proposed by Mitsubishi Electric, ETRI and Ericsson that agreed in 3GPP NR (new radio) study item in RAN1#86 meeting. The NLOS channel we use is the fast fading channel on assumptions for V2V channel in Table A.1.4-1 of TR 36.885 [11].
Four methods for physical layer structure enhancement described in section 2.2 are used in the simulation including 1) fsub=15 KHz and 4 DMRS symbols per 1ms, 2) fsub=30KHz and 4 DMRS symbols per 1ms, 3) fsub=60KHz and 3 DMRS symbols per 1ms, and 4) fsub=60KHz and 4 DMRS symbols per 1ms. The uncoded BER is the bit error rate after demodulation and before channel decoding, and the coded BER is the bit error rate after channel decoding where 1/3 rate Turbo code is used. Besides, channel is estimated by DMRS through linear interpolation, and no advanced ICI cancellation design is used in the receiver.
Fig. 1(a) and Fig. 1(b) show the uncoded and coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a LOS channel for 4QAM, respectively. Similarly, Fig. 2(a) and Fig. 2(b) show the uncoded and coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a LOS channel for 16QAM, respectively. 
From the simulation results, we can observe that the performance is significantly degraded due to high Doppler effect for the legacy method (fsub =15KHz and 2 DMRS symbols per 1ms) and the first physical layer enhancement method (fsub =15KHz and 4 DMRS symbols per 1ms). And the high Doppler effect can be effectively alleviated for the other physical layer enhancement methods due to adequately increasing subcarrier spacing and increasing DMRS density for the other physical layer enhancement methods. Besides, the performance for the fourth physical layer enhancement method (fsub =60KHz and 4 DMRS symbols per 1ms) is better than that for the third physical layer enhancement method (fsub =60KHz and 3 DMRS symbols per 1ms), it is due to more accurate channel estimation by using more DMRS symbols in the fourth physical layer enhancement method. Moreover, the performance improvement from uncoded BER to coded BER for the second physical layer enhancement method (fsub =30KHz and 4 DMRS symbols per 1ms) is larger than that for both the third and fourth physical layer enhancement methods, it is due to larger interleaver size for the second physical layer enhancement method that can more effectively randomize the error burst, where the interleaver size is proportional to the duration of subframe.



(a) Uncoded BER performance                                 (b) Coded BER performance
Figure 1.  (a) Uncoded and (b) coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a LOS channel for 4QAM




(a) Uncoded BER performance                                 (b) Coded BER performance
Figure 2.  (a) Uncoded and (b) coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a LOS channel for 16QAM

Furthermore, Fig. 3(a) and Fig. 3(b) show the uncoded and coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a NLOS channel for 4QAM, respectively. Similarly, Fig. 4(a) and Fig. 4(b) show the uncoded and coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a NLOS channel for 16QAM, respectively. 
From the simulation results, we can find that the phenomena of BER performance over a NLOS channel are similar to that of above-mentioned BER performance over a LOS channel. Besides, for the cases that fsub = 60KHz, compare to LOS channel, the coded BER performance improvement in NLOS channel will be significant due to smaller ICI and smaller duration of channel deep fading.







(a) Uncoded BER performance                                 (b) Coded BER performance
Figure 3.  (a) Uncoded and (b) coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a NLOS channel for 4QAM




(a) Uncoded BER performance                                 (b) Coded BER performance
Figure 4.  (a) Uncoded and (b) coded BER performance comparisons among legacy LTE and the physical layer enhancement methods in high speed scenario over a NLOS channel for 16QAM

Observation 5: In the high speed scenario for NR supporting carrier frequency of 4 GHz and speed of 500km/h, the system performance will be significantly improved by the physical layer structure enhancement methods with larger subcarrier spacing and higher DMRS density. However, larger subcarrier spacing will limit coded BER improvement due to smaller subframe duration, i.e. smaller interleaver size, that can’t effectively randomize the error burst especially over a LOS channel when turbo code is used in the evaluation.

Proposal 1: For physical layer structure enhancement in the high speed scenario for NR supporting speed of 500km/h, adequately adopt both increase DMRS density and increase subcarrier spacing is necessary even in low order modulation, e.g. 4QAM modulation. 

Proposal 2: When adopt larger subcarrier spacing for physical layer structure enhancement in the high speed scenario for NR, enough interleaver size should be considered to effectively improve the coded BER performance.

Conclusions
We provide the observations and proposal about sidelink physical layer structure enhancement in high speed scenario for NR, which are:
Observation 1: In the high speed scenario for NR supporting carrier frequency of 4GHz and speed of 500km/h, the system performance will be significantly degraded due to inter-carrier interference, and the current DMRS in legacy LTE is not enough for channel estimation due to the linearity of the channel is destroyed by Doppler effect.
Observation 2: Increase DMRS density can improve accuracy of channel estimation when we use the DMRS to estimate channel in the receiver.
Observation 3: Increase subcarrier spacing is another option to mitigate the Doppler effect and alleviate the ambiguity issue for the CFO detection in the receiver without any advanced design when we use the DMRS to estimate channel and detect the CFO. 
Observation 4: Using both increase DMRS density and increase subcarrier spacing can effectively mitigate the Doppler effect, improve channel estimation performance and alleviate the ambiguity issue for the CFO detection in the receiver without any advanced design for the high speed scenario supporting carrier frequency of 4GHz and speed of 500km/h when we use the DMRS to estimate channel and detect the CFO.
Observation 5: In the high speed scenario for NR supporting carrier frequency of 4 GHz and speed of 500km/h, the system performance will be significantly improved by the physical layer structure enhancement methods with larger subcarrier spacing and higher DMRS density. However, larger subcarrier spacing will limit coded BER improvement due to smaller subframe duration, i.e. smaller interleaver size, that can’t effectively randomize the error burst especially over a LOS channel when turbo code is used in the evaluation.

Proposal 1: For physical layer structure enhancement in the high speed scenario for NR supporting speed of 500km/h, adequately adopt both increase DMRS density and increase subcarrier spacing is necessary even in low order modulation, e.g. 4QAM modulation. 

Proposal 2: When adopt larger subcarrier spacing for physical layer structure enhancement in the high speed scenario for NR, enough interleaver size should be considered to effectively improve the coded BER performance.
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Appendix
Simulation Parameters 
Simulation parameters for legacy LTE and the four above-mentioned physical layer structure enhancement methods for 4QAM/16QAM modulation over LOS and NLOS channels in the high speed scenario for NR supporting speed of 500km/h are shown in Table 1.

Table 1.  Simulation Parameters 
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