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1. Introduction

At the RAN1 WG #82bis, the demodulation aspects for V2V communication were discussed. The need for DMRS enhancements was identified and the following potential enhancement options were captured in the meeting notes:
· 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

In this contribution, we provide detailed link level analysis and our views on V2V demodulation challenges and potential design enhancements for different V2V synchronization scenarios (ideal, GNSS, same eNB, different eNBs). Our views on other V2V communication aspects provided in [7]-[14]. 
2. V2V Demodulation Challenges

The time varying channel is one of the main challenges for V2V communication. The system enhancements need to be introduced to improve demodulation performance in a highly time variant propagation environments. The main problem for the demodulation is that channel may vary significantly within the subframe and, thus, the legacy DMRS structure may not be sufficient to ensure reliable channel estimation. The demodulation performance also depends on synchronization aspects (time and frequency), which are separately discussed and analyzed in our companion contribution [14]. As it is reported in [14], the demodulation performance may also significantly depend on Doppler shift and spread effects. In case of LOS channel and synchronization with eNB the effective frequency offset observed at the receiver side may be up to 4.4 or 4.9 kHz depending on synchronization option if 160 km/h vehicular speed operating at 6 GHz carrier frequency is considered. Therefore, these effects should be also considered for the demodulation analysis.

In this contribution, we focus on the analysis of the demodulation performance for different design options for DMRS enhancements. In particular, we provide link level evaluation results taking into account additional errors due to synchronization procedures. According to evaluation assumptions agreed in the last RAN1 WG meeting the following packet sizes were recommended for link level evaluations: 190 bytes, 300 bytes and 800 bytes. The demodulation performance depends on multiple factors, including but not limited to packet size, resource allocation/granularity, packet segmentation, modulation, physical structure of reference signals, retransmission configuration, channel estimation accuracy, utilized waveform and channel variation.

In the next sections of this contribution, we discuss different design options for V2V demodulation and compare V2V demodulation performance (see sections 3 and 4, respectively) assuming 300 bytes packet size.

3. Overview of Potential Design Options
There are many potential design options and their combinations that can be considered for V2V demodulation enhancements. In this section, we provide overview of the potential solutions that can be beneficial for V2V demodulation.

3.1 Numerology Change (V2V Numerology)

In order to improve channel estimation in case of the time-varying channel the density of DMRS signals in time needs to be increased. One simple approach to achieve higher DMRS density and improve signal robustness to the time-domain channel variations is to increase subcarrier spacing to 30 kHz instead of the legacy 15 kHz spacing. The increase of subcarrier spacing will naturally decrease the symbol duration, so that the whole subframe occupies 0.5 ms time interval. This change will effectively increase the DMRS density providing two DMRS symbols over 0.5 ms duration and spaced by 0.25 ms or less depending on the required inter-DMRS spacing. Such system with reduced symbol duration and also reduced inter-DMRS spacing are more robust to the channel variations in time and, thus, may be a good alternative to address demodulation challenges for LTE based V2V communication as well as other system level challenges [9]. Finally, we would like to note that the modified numerology can be easily combined with the enhanced DMRS design options considered below to achieve reliable demodulation performance under high mobility conditions.
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Figure 1: LTE Numerology Update for Improved V2V Demodulation.

3.2 Increased DMRS Density

Increased DMRS density is another possible alternative that allows to improve the demodulation performance at the cost of introducing additional overhead for reference signals. Although this option can be relatively easily enabled, it does not provide additional system level benefits in terms of half-duplex and in-band emission comparing to the numerology change [9] and, thus, it is less attractive from the overall system performance perspective. In addition, the increased DMRS density results in unnecessary overhead which might reduce the overall system performance in the low mobility scenarios.
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Figure 2: Increased DMRS Density.
It should be noted that for V2V demodulation performance there is a trade-off in handling Doppler spread, Doppler shift and the residual frequency offset errors due to synchronization and, therefore, in order to optimally handle all these impacts the inter-DMRS spacing in time may need to be optimized if this option is considered.

3.3 Horizontal DMRS Pattern
The horizontal DMRS pattern [3] is another alternative solution to improve V2V demodulation performance. Given that channel variation in time becomes a bottleneck factor at high speeds, the idea is to spread reference signals over time rather than frequency dimension. This option may help to improve the demodulation performance and increase robustness to the residual synchronization errors. On the other hand, some loss may be expected in very frequency selective channels.
In addition, the horizontal DMRS pattern does not fit well the SC-FDMA waveform design principle that was agreed as a baseline for future studies and may lead to increased PAPR and CM values of the SC-FDMA based transmissions. The latter may require larger output backoff in the power amplifier and, thus, may eventually penalize the V2V communication range. This option may be a good candidate if OFDM waveform is agreed for sidelink communication.
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Figure 3: Increased DMRS Density.
3.4 Interlaced DMRS

Another alternative design option is to interlace DMRS sequence with zero samples and map it to resource elements. This mapping will result in repeated DMRS signal at legacy SC-FDMA symbol duration [5]-[6]. This principle can be viewed as a variant of 30 kHz subcarrier spacing proposal that keeps the legacy FFT size at the transmitter and applies new mapping only to DMRS signals. The potential benefit of this proposal is the increased frequency offset acquisition range. On the other hand, this approach alone may not work properly in channels with large Doppler spreads and will require more DMRS symbols for V2V communication in such channel conditions. In addition, the signal processing associated with interlaced DMRS proposal is even more complicated since requires multiple FFT processing with different sizes. From that perspective, the adjustment of the LTE numerology seems more appropriate solution that fully reuses the existing processing flow.
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Figure 4: DMRS mapping interlaced with zeros.
3.5 Enhanced Channel Estimation

The enhanced receiver processing can be used to improve system performance at the expense of the additional receiver processing complexity. For improved demodulation the iterative data-aided channel estimation may be applied. The performance/complexity tradeoffs for these techniques should be further carefully analyzed, however, these techniques should not be considered as baseline demodulation options due to substantially increased UE implementation complexity.

4. Link Level Analysis

In this section we compare the V2V demodulation performance for different enhanced solutions described in Section 3. In particular, the set of design options in Table 1 is analyzed.
Table 1. Candidate solutions

	Solution
	Waveform
	Subcarrier Spacing
	Reference signal structure (symbols)
	Channel Estimation

	Legacy (15 kHz + 2 Legacy DMRS)
	SC-FDMA
	15 kHz
	2 Legacy DMRS (3/10)
	Base

	15 kHz + 2 Dense DMRS (D-DMRS) + Data aided CE
	SC-FDMA
	15 kHz
	2 DMRS with dense spacing (5/8)
	Data aided

	15 kHz + 4 DMRS
	SC-FDMA
	15 kHz
	4 DMRS (2/5/8/11)
	Base

	15 kHz + Horizontal DMRS (H-DMRS)
	OFDM
	15 kHz
	Horizontal DMRS
	Base

	30 kHz + 2 Legacy DMRS
	SC-FDMA
	30 kHz
	2 Legacy DMRS (3/10)
	Base

	30 kHz + 2 Dense DMRS (D-DMRS) + Data aided CE
	SC-FDMA
	30 kHz
	2 DMRS with dense spacing (5/8)
	Data aided

	30 kHz + 4 DMRS
	SC-FDMA
	30 kHz
	4 DMRS (2/5/8/11)
	Base

	30 kHz + Horizontal DMRS (H-DMRS)
	OFDM
	30 kHz
	Horizontal DMRS
	Base

	60 kHz + 2 Legacy DMRS
	SC-FDMA
	60 kHz
	2 Legacy DMRS (3/10)
	Base

	60 kHz + 2 Dense DMRS (D-DMRS)
	SC-FDMA
	60 kHz
	2 DMRS with dense spacing (4/9)
	Base


The V2V demodulation performance was analyzed for the UMi LOS and NLOS propagation conditions for the high speed conditions (280 km/h relative V2V speed) and high carrier deployments (6 GHz). The following frequency synchronization scenarios were considered based on the WF [2]:
· Ideal synchronization: 0 Hz CFO between V2V transmitter and receiver;
· Vehicles use GNSS based synchronization: 1.2 kHz CFO between V2V transmitter and receiver (i.e. ±0.1 ppm error at each UE);
· Vehicles use the same eNB for synchronization: 2.8 kHz CFO between V2V transmitter and receiver (i.e. ±0.1 ppm error at each UE and Doppler shift on each Uu link);
· Vehicles use different eNBs for synchronization: 3.4 kHz CFO between V2V transmitter and receiver (i.e. ±0.1 ppm error at each UE, ±0.05 ppm error at each eNB and Doppler shift on each Uu link).
The analysis is provided for the 300 bytes V2V packet size under assumption of using QPSK CR 1/2, 16QAM CR 1/2 and 16QAM CR 3/4 modulation and coding schemes. The comparison of the 15/30/60 kHz subcarrier spacing options is provided under assumption of the identical time/frequency resource allocations (e.g. 4320 kHz x 1 ms for QPSK CR 1/2 scheme). The results are illustrated for the case of single TTI PSSCH transmissions for the 15 kHz case, while multiple retransmissions are considered for the 30 and 60 kHz subcarrier spacing solutions. In case of 4 TTI processing for 15 kHz the qualitative conclusions hold true, while the absolute performance may be improved. The remaining simulation assumptions are provided in the Annex A.

To evaluate efficiency of different solutions we compare their performance against the reference case of the legacy solution under assumption of perfect channel estimation and measure the SNR degradation @ 1% BLER. The summary of the simulation results is provided in Figure 5 for different MCS schemes (the ‘x’ bars denotes the case when 1% target BLER cannot be achieved at reasonable SNR). The selected simulation results are also provided in the Annex B.
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	Figure 5. Link-level simulation results summary


Observations
· For the ideal CFO synchronization

· Doppler shift / spread on the V2V link becomes the limiting factor which reduces the demodulation performance.
· The legacy solution with 15 kHz subcarrier spacing and 2 DMRS symbols does not provide reliable performance for both UMi LOS and NLOS propagation conditions.
· Legacy subcarrier spacing: The majority of enhanced solutions (2 Dense DMRS + Data aided CE and 4 DMRS) with 15 kHz subcarrier spacing do not allow achieving target performance and experience substantial performance loss. Horizontal DMRS solution allows achieving good performance.
· Increased subcarrier spacing: Enhanced solutions with 30/60 kHz subcarrier spacing provide good performance for the majority of scenarios. Relatively poor performance is observed for 16QAM CR 3/4 for the 30 kHz + 2 DMRS solution only.
· For the case of GNSS based synchronization (up to 1.2 kHz CFO)
· Both Doppler shift / spread on the V2V link and carrier frequency mismatch contribute to the performance degradation.
· The observations are rather aligned with the observations for the ideal synchronization case. 
· For the case of eNB-based synchronization (2.8 kHz and 3.4 kHz CFO)
· The synchronization CFO error becomes the limiting factor in terms of overall demodulation performance.
· Legacy subcarrier spacing: All solutions do not provide reliable performance in case of using 15 kHz subcarrier spacing.
· Increased subcarrier spacing: Several solutions with 30/60 kHz subcarrier spacing can achieve reliable performance at least for the QPSK based transmissions including 30kHz + H-DMRS, 30 kHz + 4 DMRS, 60 kHz + 2 DMRS.
In summary, our analysis shows that legacy solution and all considered enhanced solutions with vertical DMRS patterns do not work at 6GHz carrier frequency in case of high mobility for the case of 15 kHz subcarrier spacing. The horizontal DMRS pattern may provide good performance for the case of GNSS based synchronization, while the performance degrades at high CFO due to ICI sensitivity when used with 15 kHz. At the same time, 30 kHz subcarrier spacing provides more robust performance and can be used in combination with other enhanced solutions to achieve more reliable demodulation performance under high speed / high frequency V2V propagation conditions.
Proposal 1

· Use modified LTE numerology with 30 kHz subcarrier spacing to improve V2V demodulation performance in the high speed / high carrier frequency conditions.

5. Conclusions

In this contribution, we provided our views on demodulation enhancements for V2V communication. In summary, our link level analysis shows that high mobility environment and synchronization errors have significant impact on demodulation performance and, therefore, the appropriate solution needs to be selected. In our view, the increased subcarrier spacing and reduced symbol duration should be used in order to have more reliable V2V communication performance.

Proposal 1

· Use modified LTE numerology with 30 kHz subcarrier spacing to improve V2V demodulation performance in the high speed / high carrier frequency conditions.

References

[1] R1-155330, “Demodulation Enhancements for V2V/V2X Communication”, Intel Corp., October 2015

[2] R1-156276 “WF on V2V Synchronization Assumptions”, Intel, Ericsson, October 2015
[3] R1-155907, “Physical Layer Format for V2X over PC5”, Ericsson, October 2015

[4] R1-155908, “Link Comparison for Potential V2V L1 Formats”, Ericsson, October 2015

[5] R1-155418, “Discussion on solutions to handle high Doppler case”, LGE, October 2015

[6] R1-155223, “DMRS enhancement in PC5-based V2V”, CATT, October 2015

[7] R1-156687, “Discussion on baseline sidelink performance for V2V communication”, Intel Corp., Nov. 2015 

[8] R1-156688, “On support of geo-based transmission for V2V communication”, Intel Corp., Nov. 2015

[9] R1-156535, “On benefits of adjusted LTE numerology for V2V communication”, Intel Corp., Nov. 2015 

[10] R1-156690, “On enhancements to resource pool configuration for V2V communication”, Intel Corp., Nov. 2015

[11] R1-156536, “System level analysis of V2V design options in Freeway scenario”, Intel Corp., Nov. 2015

[12] R1-156537, “System level analysis of V2V design options in Urban scenario”, Intel Corp., Nov. 2015

[13] R1-156689, “Discussion on network control aspects for V2V communication”, Intel Corp., Nov. 2015

[14] R1-156539, “Synchronization aspects for V2V/V2X communication”, Intel Corp., Nov. 2015

Annex A: Simulation Assumptions

Table 2: Link level evaluation assumptions

	Parameter
	Value

	Carrier frequency
	6 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	1x2, antenna spacing = 0.5λ

	Channel model
	UMi LOS, UMi NLOS

	Relative V2V speed
	280 km/h

	Frequency synchronization
	Option 1: CFO = 0

Option 2: CFO = 1.2 kHz (GNSS)

Option 3: CFO = 2.8 kHz (LTE, same eNBs)

Option 4: CFO = 3.4 kHz (LTE, different eNBs)

	Signal transmission parameters
	Reference channel #1

MCS 6, TBS = 2472 bits, QPSK 1/2
15 kHz: 24 PRBs (24 x 180kHz PRB) with 1 TTI (1 x 1ms TTI)

30 kHz: 12 PRBs (12 x 360kHz PRB) with 2 TTIs (2 x 0.5ms TTI)

60 kHz: 6 PRBs (6 x 720kHz PRB) with 4 TTIs (4 x 0.25ms TTI)

Reference channel #2

MCS 12, TBS = 2408 bits, 16QAM 1/2
15 kHz: 12 PRBs (12 x 180kHz PRB) with 1 TTI (1 x 1ms TTI)

30 kHz: 6 PRBs (6 x 360kHz PRB) with 2 TTIs (2 x 0.5ms TTI)

60 kHz: 3 PRBs (3 x 720kHz PRB) with 4 TTIs (4 x 0.25ms TTI)

Reference channel #3

MCS 16, TBS = 2472 bits, 16QAM 3/4

15 kHz: 8 PRBs (8 x 180kHz PRB) with 1 TTI (1 x 1ms TTI)

30 kHz: 4 PRBs (4 x 360kHz PRB) with 2 TTIs (2 x 0.5ms TTI)

60 kHz: 2 PRBs (2 x 720kHz PRB) with 4 TTIs (4 x 0.25ms TTI)

	Tx EVM
	10%

	Demodulation assumptions
	Practical post-FFT CFO estimation and compensation

Practical post-FFT time offset estimation and compensation

Practical channel estimation

The 1st symbol is used for AGC settling

The last symbol is punctured


Annex B: Simulation Results

	QPSK CR = 1/2

	UMi LOS, CFO = 0 Hz
	UMi NLOS, CFO = 0 Hz
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	UMi LOS, CFO = 1.2 kHz
	UMi NLOS, CFO = 1.2 kHz
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	UMi LOS, CFO = 2.8 kHz
	UMi NLOS, CFO = 2.8 kHz
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	UMi LOS, CFO = 3.4 kHz
	UMi NLOS, CFO = 3.4 kHz
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	16QAM CR = 1/2

	UMi LOS, CFO = 0 Hz
	UMi NLOS, CFO = 0 Hz
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	UMi LOS, CFO = 1.2 kHz
	UMi NLOS, CFO = 1.2 kHz
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	UMi LOS, CFO = 2.8 kHz
	UMi NLOS, CFO = 2.8 kHz
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	UMi LOS, CFO = 3.4 kHz
	UMi NLOS, CFO = 3.4 kHz
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Legacy DMRS location
DMRS location with increased density



AGC
GUARD
Legacy DMRS Pattern
AGC
GUARD
Horizontal DMRS Pattern




AGC
GUARD
AGC
GUARD

Legacy DMRS location
DMRS mapping interlaced with zeros
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