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1. Introduction

At the RAN#70 meeting, a working item on V2V services based on LTE sidelink was approved [1]. The objectives of the working item related to RAN1 are listed as follows:
1) To specify enhancement to sidelink physical layer structure necessary for V2V services [RAN1]
2) To specify enhancement to sidelink synchronization procedure necessary for V2V services [RAN1, RAN2]

a) Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
3) To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s) [RAN1, RAN2]

4) To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in the same carrier frequency [RAN1] and in an adjacent carrier frequency [RAN4] 
And specification work in this working item should start from the relevant outcome of the feasibility study on LTE-based V2X (TR 36.885[2]).
From the 3GPP TR36.885, the contents in the “5.1.2 Handling high Doppler case” are as follows, 

It is observed that DMRS needs to be enhanced for PC5-based V2V.

SC-FDM is used for V2V transmission in each physical channel.

Enhancement at least includes:
· Increase DMRS density to reduce time interval between DMRS sequences

· Enhance DMRS structure to increase frequency offset compensation range

Study at least the following DMRS structure:

· Reuse PUSCH DMRS

· Other options are not precluded, i.e., 

· PUSCH DMRS with Comb (similar as structure of SRS)

· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols

· Increased subcarrier spacing

· All options should solve any complexity and standardization impact including analysis of frequency synchronization accuracy
Working assumption is to increase DMRS density to 4 symbols per 1ms with reusing PUSCH DM RS sequence in each physical sidelink channel except for PSBCH. 

Besides, increasing subcarrier spacing related contents in 3GPP TR36.885 are as follows,
· RAN1 observes potential benefit of increasing subcarrier spacing. However, the impact of a smaller length of normal CP, ICI to/from legacy channels, AGC, timing advance, potential change in the inband emission have not been evaluated. 

According to the above objectives in the V2V working item and the above contents in 3GPP TR36.885, in this contribution, we will focus on the discussion for the system performance impact due to high Doppler effect and the considerations of necessary PC5 enhancements in high Doppler case (e.g. up to 280 km/h vehicle velocity and up to 6 GHz carrier frequency) such as enhanced DMRS.
2. Discussion on the DMRS considerations in the High Doppler Case for V2V 
From the above objectives in the V2V working item and above contents in 3GPP TR36.885, we will discuss the following issues in this section
1) The system performance impact due to high Doppler effect.
2) The considerations of necessary PC5 enhancements in high Doppler case for V2V.
2.1. The system performance impact due to high Doppler effect
When the UE locates in a fixed location, there is not inter-carrier interference (ICI). However, when the UE begins to move, the ICI occurs. We neglect the noise term, and then the OFDM received signals with ICI can be expressed as follows,
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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.

From the agreements of the V2X study item in RAN1#82 meeting [3], carrier frequency for PC5-based V2V is 6GHz and 2GHz. Besides, the vehicle speed is 70km/h and 140 km/h for freeway case. In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed may be 280km/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 LTE) will be up to 10.3%.
Figure 1 [4] shows the system performance degradation at different normalized Doppler frequency  where =0.001, 0.025, 0.05 and 0.1. An OFDM system with 16-QAM modulation over the 6-tap typical urban (TU6) channel is considered and perfect synchronization and channel estimation are assumed in the simulation. From the figure, we can observe that the ICI effect results in an error floor and the pre-coding BER performance gets worse as  increases. And the system performance will be significantly degraded when =0.1. 

Therefore, in the high Doppler case for V2V, i.e.  is about 0.1, the system performance will be significantly degraded by the ICI. And hence some advanced ICI cancellation methods should be considered in the receiver to alleviate the ICI effect and improve the system performance.
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Figure 1.  Pre-coding BER versus Eb/N0 at  =0.1, 0.05, 0.025 and 0.001, for theoretical and simulated results in traditional OFDM systems over the time-varying TU6 channel.
Observation 1: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the system performance will be significantly degraded by the inter-carrier interference (ICI).
Proposal 1: In the high Doppler case for V2V, advanced ICI cancellation should be considered in the receiver to alleviate the ICI and improve the system performance.
2.2. The considerations of necessary PC5 enhancements in high Doppler case for V2V
In this section, the following issues and considerations for PC5 enhancement in high Doppler case for V2V will be discussed.
Part A: fast time-variant channel caused by high Doppler effect can’t be efficiently estimated by current DMRS
DMRS can be used to estimate channel. 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.
In current DMRS, 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. On the other hand, in extended cyclic prefix, one slot is a combination of 6 symbols. In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), i.e. =0.1, the number of the channel average fading cycle is about 0.7 and 0.6 during two neighboring DMRS symbols for the normal cyclic prefix case and the extended cyclic prefix case, respectively. Therefore, the current DMRS is not enough in the high Doppler case for V2V.
One kind of DMRS enhancement methods for the above-mentioned issue is to increase DMRS density to reduce time interval between neighboring DMRS symbols. Working assumption in TR36.885 [2] is to increase DMRS density to 4 symbols per 1ms with reusing PUSCH DM RS sequence in each physical sidelink channel except for PSBCH. Then, the number of the channel average fading cycle will be reduced to 0.1-0.4 during two neighboring DMRS symbols in the high Doppler case for V2V, and the impact of channel non-linearity will be alleviated when we use the DMRS symbols to estimate channel.
Observation 2: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the number of the channel average fading cycle will be larger than 0.5 during two neighboring DMRS symbols, and hence the linearity of the channel will be destroyed and the current DMRS is not enough.
Observation 3: The impact of channel non-linearity in channel estimation can be alleviated by increasing DMRS density to 4 symbols per 1ms.
Part B: large frequency offset can’t be efficiently estimated and compensated by current DMRS
From the working assumption of the V2X study item in RAN1#83 meeting [5], the cases of frequency error are listed as follows,
· 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.
For the extreme case {Case1+CaseB} from the above-mentioned frequency error assumptions, the frequency offset will be up to (1.8KHz when the carrier frequency is 6GHz.
DMRS also can be used to detect the frequency offset by calculating the phase difference between two received DMRS symbols because the frequency offset will result in the phase rotation that is proportional to the sample time index for each received DMRS symbol. For simplicity, we assume the channel is a single path channel and then the frequency offset effect can be expressed as follows,
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where r(n), xDMRS(n) and w(n) are the time domain received signal, the time domain transmitted DMRS signal, and the noise signal at l-th symbol and n-th sample, respectively. Besides, c is the channel gain for the single path channel, TSYM is the total symbol duration including useful symbol duration and cyclic prefix (CP), Ts is the sample duration and f is the frequency offset. Therefore, neglect the effect of noise, the phase difference between two received DMRS symbols will be 2l *TSYM*f and the range of the frequency offset detection will be within ±1/2/(l *TSYM) where l *TSYM is the distance between the two DMRS symbols. Hence, for the current DMRS, the range of frequency offset detection will be within ±1/2/(7*(1+CP_ratio))*fsub where CP_ratio is the cyclic prefix ratio (for example 144/2048) and fsub is the subcarrier spacing (i.e. 15KHz in legacy LTE). When the initial frequency error is larger than the range of frequency offset detection, the ambiguity issue for the frequency offset detection will occur.
From above-mentioned analysis, the range of the frequency offset detection is about ±1KHz when we use the current DMRS to detect the frequency offset, but the range of the frequency offset is less than the initial frequency error (1.8KHz in the extreme case {Case1+CaseB}. Therefore, the current DMRS is not enough.

When we increase DMRS density to 4 symbols per 1ms according to the working assumption in TR36.885 [2], the location of the DMRS symbols still needs to be considered to avoid the ambiguity issue for the frequency offset detection when we use the DMRS to detect the frequency offset in the receiver. For example, the range of the frequency offset detection is about ±1.75KHz when we use the DMRS to detect the frequency offset and the distance between the two DMRS symbols is 4 TSYM, but the range of the frequency offset is still less than the initial frequency error (1.8KHz in the extreme case {Case1+CaseB}. Therefore, the ambiguity issue for the frequency offset detection will still occur.
A duplicate-type structure in a time domain DMRS symbol, as shown in Figure 2, can be used to increase the range of the frequency offset detection when we use DMRS to detect frequency offset. The frequency offset can be detected by calculating the phase difference between two neighboring duplicates. From the Figure 2, we can observe that the range of the frequency offset detection can be within ±1/2*L*fsub where L is the number of duplicates in a time domain DMRS symbol, for example L=4. And the duplicate-type structure in a time domain DMRS symbol can be obtained by down-sampling the frequency domain DMRS symbol. For example, when the down-sampling factor is 4 in a frequency domain DMRS symbol, then 4 duplicates will be obtained in the time domain DMRS symbol, as shown in Figure 3.
Observation 4: In the case that carrier frequency is 6GHz and then initial frequency error for a UE is up to (1.8KHz in {Case1+CaseB} agreed in RAN1#83 meeting, the ambiguity issue for the frequency offset detection will occur when we use the current DMRS to detect the frequency offset in the receiver.
Proposal 2: The location of the DMRS symbols should be considered to avoid the ambiguity issue for the frequency offset detection and further improve the system performance when we increase DMRS density to 4 symbols per 1ms and use the DMRS to detect frequency offset in the receiver in the high Doppler case for V2V.

Proposal 3: A duplicate-type structure in a time domain DMRS symbol should be considered as a possible solution to increase the range of the frequency offset detection and hence avoid the ambiguity issue for the frequency offset detection in the high Doppler case for V2V.
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Figure 2.  An illustration of a duplicate-type structure in a time domain DMRS symbol
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Figure 3.  An illustration to implement the duplicate-type structure
Part C: impact considerations when increase subcarrier spacing is adopted in the high Doppler case for V2V
When we increase subcarrier spacing, the normalized Doppler frequency will be decreased 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 decreased from 10% to 5% in the high Doppler case that carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed may be 280km/h). Then, the ICI will be mitigated and the system performance will be improved, as shown in Figure 1, without any advanced ICI cancellation design in the receiver. 

Besides, when we increase subcarrier spacing, the range of frequency offset detection will be increased and the ambiguity issue for the frequency offset detection will be avoided because the range of the frequency offset detection is proportional to the subcarrier spacing, as described from the above-mentioned analysis in Part B. 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 frequency offset, the range of the frequency offset detection will be increased from ±1KHz to ±2KHz. Because the range of the frequency offset detection is larger than the initial frequency error (1.8KHz in the extreme case {Case1+CaseB} in the high Doppler case for V2V. Therefore, the ambiguity issue for frequency offset can be avoided.
However, there is standard impact when increase subcarrier spacing is adopted in high Doppler case for V2V. Besides, some impact also should be considered, for example the impact of a smaller length of CP, AGC and timing advance, when we increase subcarrier spacing. The impact can be discussed as follows,
1) The impact of a smaller length of CP: CP is used to resist the multi-path effect in the OFDM system. When we increase subcarrier spacing, the useful symbol duration will be decreased. Then, the length of CP will be reduced, otherwise data throughput capacity will be reduced. In case the length of CP is not long enough, then it will not counteract the multipath effect and the system performance will be degraded. For example, the length of CP is about 4.7s in legacy LTE, and this enables the system to accommodate path variations of up to 1.4km. And when we increase subcarrier spacing from 15KHz in legacy LTE to 30KHz, the length of CP will be reduced to 2.35s and this enables the system to accommodate path variation of up to only 0.7km.

2) The impact of a smaller length of AGC: Automatic gain controller (AGC) adjusts the received composite waveform to fit in the range of A/D converter and minimize A/D converter induced noise floor. When we increase subcarrier spacing, the useful symbol duration will be decreased. Fast convergence is required for AGC, otherwise the useful transmission time will be reduced.
3) The impact of a smaller length of timing advance: Timing advance is a negative offset between the start of a received downlink subframe and a transmitted uplink subframe. This offset at the UE is necessary to ensure that the downlink and uplink subframes are synchronized at the eNodeB. Physical Random Access Channel (PRACH) carries the random access preamble a UE sends to access the network in non-synchronized mode and used to allow the UE to synchronize timing with the eNodeB. When we increase subcarrier spacing, the useful symbol duration will be decreased.  And the length of random access preamble will be reduced, otherwise data throughput capacity will be reduced. In case the length of random access preamble is reduced, it will be suited for the cell with smaller cell size.

Observation 5: Increase subcarrier spacing is a possible option to mitigate the ICI and avoid the ambiguity issue for the frequency offset detection in the high Doppler case for V2V. However, besides standard impact, the impact of a smaller length of CP, AGC and timing advance also should be considered. 

Proposal 4: Besides standard impact, the impact of a smaller length of CP, AGC and timing advance also should be considered when increase subcarrier spacing is adopted in the high Doppler case for V2V.
3. Conclusions
We provide the observations and proposals about enhanced DMRS considerations in high Doppler case for V2V, which are:
Observation 1: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the system performance will be significantly degraded by the inter-carrier interference (ICI).
Observation 2: In the high Doppler case for V2V, for example carrier frequency is 6GHz and the vehicle speed is 140km/h (the maximum absolute vehicle speed will be 280km/h), the number of the channel average fading cycle will be larger than 0.5 during two neighboring DMRS symbols, and hence the linearity of the channel will be destroyed and the current DMRS is not enough.
Observation 3: The impact of channel non-linearity in channel estimation can be alleviated by increasing DMRS density to 4 symbols per 1ms.
Observation 4: In the case that carrier frequency is 6GHz and then initial frequency error for a UE is up to (1.8KHz in {Case1+CaseB} agreed in RAN1#83 meeting, the ambiguity issue for the frequency offset detection will occur when we use the current DMRS to detect the frequency offset in the receiver.
Observation 5: Increase subcarrier spacing is a possible option to mitigate the ICI and avoid the ambiguity issue for the frequency offset detection in the high Doppler case for V2V. However, besides standard impact, the impact of a smaller length of CP, AGC and timing advance also should be considered. 

Proposal 1: In the high Doppler case for V2V, advanced ICI cancellation should be considered in the receiver to alleviate the ICI and improve the system performance.
Proposal 2: The location of the DMRS symbols should be considered to avoid the ambiguity issue for the frequency offset detection and further improve the system performance when we increase DMRS density to 4 symbols per 1ms and use the DMRS to detect frequency offset in the receiver in the high Doppler case for V2V.

Proposal 3: A duplicate-type structure in a time domain DMRS symbol should be considered as a possible solution to increase the range of the frequency offset detection and hence avoid the ambiguity issue for the frequency offset detection in the high Doppler case for V2V.
Proposal 4: Besides standard impact, the impact of a smaller length of CP, AGC and timing advance also should be considered when increase subcarrier spacing is adopted in the high Doppler case for V2V.
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