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1. Introduction

In the previous RAN1 WG meetings, the demodulation aspects of V2V communication were discussed in the scope of the Rel-13 V2X SI. The following potential enhancements were identified and captured in the V2V TR [1] with regards to improving the system robustness to the High Doppler and imperfect frequency synchronization:

	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. 

· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). There should be considerations on receiver complexity when working assumption is confirmed.

· Location of DM RS is FFS. Options of DM RS location (counting from #0) for evaluation include the following for normal CP with 15 kHz subcarrier spacing (other options are not precluded):
· Option 1: #2, #5, #8, #11 (Note: This is for regular spacing.)
· Option 2: #1, #5, #8, #12 (Note: Reuse RS location of PUCCH format 2.)

· Option 3: #2, #4, #9, #11 (Note: Frequency offset estimation first using {#2, #4} and {#9, #11})

· Option 4: #3, #6, #7, #10 (Note: Frequency offset estimation first using {#6, #7})

· FFS the number and location of DMRS in PSBCH


In this contribution, we provide further views on V2V demodulation challenges and potential design enhancements to improve V2V systems robustness to the High Doppler conditions and imperfect frequency synchronization. 

2. Candidate Solutions

The time varying channel is one of the main challenges for the V2V communication. The physical layer enhancements need to be introduced to improve demodulation performance in a high speed V2V propagation environments. The main problem for the V2V demodulation is that due to Doppler fading the channel may vary significantly within the subframe and, thus, the legacy DMRS structure may not be sufficient to ensure reliable channel estimation. Furthermore, due to frequency synchronization errors and Doppler shifts the receive signal may have high carrier frequency offset vs the receiver carrier frequency. There are many potential V2V design options and their combinations that can be considered for V2V demodulation enhancements.
2.1 General V2V PHY enhancements

In Table 1 we provide the list of the possible V2V design enhancements considered to improve the system performance in the high speed conditions based on the list of options identified in the V2X SI stage. The Solution #0 corresponds to the legacy Rel-12 SL design and provided for the reference purposes. The Solutions 1, 2, 3, 4 represent different flavors of the increased DMRS density solutions with 4 DMRS symbols per TTI and different positions of the particular DMRS symbols. The Solutions 5 and 6 rely on interlaced Comb-like DMRS structure (I-DMRS) with 2 and 4 DMRS symbols per TTI. The Solutions 7, 8 and 9 represent a combination of the DMRS enhancements (increased density, interlaced structure) along with increased 30 kHz subcarrier spacing and include 2 DMRS, 4 DMRS and 4 I-DMRS per TTI. In the table we also provide the estimate of the maximum frequency offset that can be handled at the UE side using the respective DMRS designs.

Table 1. Candidate V2V enhancement solutions

	#
	Solution
	Subcarrier Spacing
	Reference signal structure (symbols)
	Max frequency offset

	0
	Legacy (15 kHz + 2 Legacy DMRS)
	15 kHz
	2 DMRS on symbols 3, 10
	1.0 kHz

	1
	4 DMRS (#2, #5, #8, #11) + 15 kHz
	15 kHz
	4 DMRS on symbols 2, 5, 8, 11
	2.3 kHz

	2
	4 DMRS (#1, #5, #8, #12) + 15 kHz
	15 kHz
	4 DMRS on symbols 1, 5, 8, 12
	2.3 kHz

	3
	4 DMRS (#2, #4, #9, #11) + 15 kHz
	15 kHz
	4 DMRS on symbols 2, 4, 9, 11
	3.5 kHz

	4
	4 DMRS (#3, #6, #7, #10) + 15 kHz
	15 kHz
	4 DMRS on symbols 3, 6, 7, 10
	7.0 kHz

	5
	2 I-DMRS (#3, #10) + 15 kHz
	15 kHz
	2 DMRS on symbols 3, 10 with interlaced (Comb) structure 
	15.0 kHz

	6
	4 I-DMRS (#2, #5, #8, #11) + 15 kHz
	15 kHz
	4 DMRS on symbols 2, 5, 8, 11 with interlaced (Comb) structure 
	15.0 kHz

	7
	2 DMRS (#3, #10) + 30 kHz
	30 kHz
	2 DMRS on symbols 3, 10
	2.0 kHz

	8
	2 I-DMRS (#3, #10) + 30 kHz
	30 kHz
	DMRS on symbols 3, 10 with interlaced (Comb) structure
	30.0 kHz

	9
	4 DMRS (#2, #4, #9, #11) + 30 kHz
	30 kHz
	4 DMRS on symbols 2, 4, 9, 11
	7.0 kHz


2.2 V2V PSCCH enhancements

The enhancements considered above are applicable to different V2V physical channels including PSSCH, PSCCH and PSBCH. Meantime, different channels may have own specifics. For instance, the PSCCH has the smallest transmission bandwidth of 1 PRB. The suggested enhancements rely on the frequency offset estimation using the DMRS. When the number of DMRS is not sufficient, the frequency estimation accuracy may degrade and the V2V performance may be penalized. Several potential approaches to improve the PSCCH design can be adopted. 

Interlaced PSCCH data mapping
Similarly to the interlaced (comb-like) DMRS design, the PSCCH data REs can be interlaced with the zero samples transmissions in the frequency domain. Such frequency domain mapping will result in two repeated PSCCH data symbols in the time domain on the legacy SC-FDMA symbol duration. Such properties can be used at the receiver side to improve the frequency offset estimation accuracy using the data symbols processing. 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 of the PSCCH (and DMRS) signals. The potential benefit of this proposal is that the PSCCH data symbols can be used to facilitate more reliable frequency offset estimation. Although the suggested design would reduce the PSCCH code rate by a factor of 2 due to reduced amount of available RE, UEs can use power boosting on the remaining REs to compensate the degradation.
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Figure 1: Interlaced PSCCH mapping
Symbol-level PSCCH repetition

Another possible alternative is to modify the PSCCH physical structure in a way to introduce artificial data symbols repetition. For instance, as shown in Figure 2 the transmissions can be done by pairs of adjacent PSSCH symbols where the second symbols is a repetition of the first symbol. Using such approach the frequency offsets can be estimated using the adjacent PSCCH data SC-FDMA symbols. Although the total number of REs for the PSCCH mapping is reduced, due to symbol repetition the overall performance loss is expected to be marginal.
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Figure 2: Symbol-level PSCCH repetition
3. Target Synchronization Scenarios
In the previous meeting, the following RAN1 agreements on the V2V synchronization assumptions were reached [1]:
	· Frequency error:

· 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.
· 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


In addition, RAN1 needs to take into account the RAN4 WG feedback on the achievable frequency synchronization for V2V systems [2]. In particular, in accordance to the LS reply, the frequency synchronization errors on the Uu links due to Doppler effects need to be additionally taken into account.
In the Table 2 we provide the set target scenarios to be used for the V2V design. The V2V enhancements should first of all enable possibility of the system operation in the Scenarios #2 and #3 which reflect the worst case extreme conditions in terms of the signal propagation (Case 1 + Case B) with and without taking into account Doppler effects on the Uu links. Meanwhile, the design should also ensure robust and efficient operation for the more typical conditions under Scenarios #4 and #5. Finally, the target solution should not impose substantial performance degradation under low mobility conditions with low frequency synchronization errors (Scenario #1). In the table we also provide the estimates of the upper bound frequency offset for the particular scenarios under assumption of LOS propagation on the V2V links. Comparing the maximum frequency offsets in Table 1 and the actual environment conditions for the target scenarios, it may be observed that a few of the candidate solutions may potentially enable operation under the extreme case scenarios.
Table 2. Target synchronization scenarios

	#
	Scenario
	Synchronization model
	Relative UE speed
	Max frequency offset, kHz

	
	
	UE frequency estimation error
	Frequency error between eNBs
	Uu links Doppler frequency shifts
	
	2GHz
	6GHz

	1
	Low mobility scenario
	0 ppm
	0 ppm
	0 ppm
	30 km/h
	~0
	~0

	2
	Extreme case (Case 1 + Case B)
	0.2 ppm
	0.1 ppm
	0 ppm
	280 km/h
	1.1
	3.3

	3
	Extreme case (Case 1 + Case B) + Uu link Doppler shift
	0.2 ppm
	0.1 ppm
	2 x 0.13 ppm
	
	1.6
	4.9

	4
	Typical case (Case 2 + Case A)
	Random from 
[-0.1, 0.1] ppm
	0 ppm
	0 ppm
	
	0.9
	2.8

	5
	Typical case (Case 2 + Case A) + Uu link  Doppler shift
	Random from 
[-0.1, 0.1] ppm
	0 ppm
	2 x 0.13 ppm
	
	1.4
	4.3


Observations #1:
· 2GHz carrier frequency

· All candidate solutions in Table 1 are potentially capable to handle the maximum carrier frequency offsets for all target synchronization scenarios.
· 6GHz carrier frequency

· The candidate solutions #1, #2 and #3 (4 DMRS + 15 kHz spacing) and solution # 7 (2 DMRS + 30 kHz spacing) cannot be used to estimate the maximum frequency offsets for the target synchronization scenarios.
· The candidate solutions #4 (4 DMRS (#3, #6, #7, #10) + 15 kHz spacing), #5 and #6 (2 or 4 I-DMRS and 15 kHz spacing), and solutions #8 and #9 (2 I-DMRS, 4 DMRS + 30 kHz subcarrier spacing) can be potentially used to handle the maximum frequency offsets for the target synchronization scenarios.

4. Link-level Analysis
In this section we provide the summary of the PSSCH and PSCCH link-level simulation results for different candidate solutions under different synchronization conditions. The results are provided for the 2GHz and 6GHz carrier frequencies and for UMi LOS and NLOS propagation conditions.

4.1 PSSCH performance

In Figure 3 we illustrate summary of the PSSCH link-level simulation results. The analysis was done for the 300 bytes V2V packet size under assumption of using different modulation and coding schemes such as QPSK CR 0.5 and 16QAM CR 0.5. The simulation results for 15 and 30 kHz solutions are provided under assumption of the identical time/frequency resource allocations (e.g. 4320 kHz x 1 ms for QPSK CR 0.5 scheme). In particular, the results are provided for the 1 ms timescale which correspond to 1 TTI for 15 kHz subcarrier spacing and 2 TTIs for the 30 kHz spacing. 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 without frequency synchronization errors and measure the MCL degradation for the 1% BLER point. The simulation results are provided for the different candidate enhancement solutions and the solutions which cannot achieve 1% BLER at a reasonable SNR point are marked with “X”. The selected simulation results are also provided in the Annex B.
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	Figure 3. PSSCH simulation results summary


Observations #2:

· 2GHz carrier frequency

· The legacy solution does not allow achieving target BLER performance
· All candidate solutions can potentially handle the maximum carrier frequency offsets

· 6GHz carrier frequency

· Candidate solutions #6 (4 I-DMRS and 15 kHz spacing), #8 (2 I-DMRS + 30 kHz) and #9 (4 DMRS + 30 kHz) can be potentially used to handle the maximum frequency offsets for the target synchronization scenarios. The best performance is achieved for the following solutions
1. 4 DMRS + 30 kHz subcarrier spacing
2. 2 I-DMRS + 30 kHz subcarrier spacing
3. 4 I-DMRS + 15 kHz subcarrier spacing
· Other solutions cannot reach reliable performance in the investigated scenarios

4.2 PSCCH performance

In Figure 4 we illustrate summary of the PSCCH link-level simulation results. The analysis was done for the 1 TTI SA transmissions. The detailed 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 without synchronization errors and measure the MCL degradation for 1% BLER. The simulation results are provided for different candidate solutions and the solutions which cannot achieve 1% BLER at a reasonable SNR point are marked with “X”. As discussed above, to streamline the receive processing and increase the number of estimates, the I-DMRS results are provided under assumption of using interlaced data transmissions.
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	Figure 4. PSCCH simulation results summary


Observations #3:

· 2GHz carrier frequency

· The legacy solution does not allow achieving target BLER performance

· All candidate solutions can potentially handle the maximum carrier frequency offsets

· 6GHz carrier frequency

· Candidate solutions #6 (4 I-DMRS and 15 kHz spacing), #8 (2 I-DMRS + 30 kHz) and #9 (4 DMRS + 4 kHz) can be potentially used to handle the maximum frequency offsets for the target synchronization scenarios. The best performance is achieved for the following solutions:

1. 4 DMRS + 30 kHz subcarrier spacing

2. 2 I-DMRS + 30 kHz subcarrier spacing (with interlaced data mapping)

3. 4 I-DMRS + 15 kHz subcarrier spacing (with interlaced data mapping)

· Other solutions cannot reach reliable performance in the investigated scenarios

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 along with DMRS modifications should be used in order to have more reliable V2V communication performance. In case of 15 kHz subcarrier spacing, the interlaced data and DMRS mapping structure can be used for the PSCCH performance improvement.
Proposal 1

· The following solutions are recommended for PSSCH performance improvement (listed in order of priority)

1. 30 kHz subcarrier spacing with 4 DMRS symbols (#2, #4, #9, #11)

2. 30 kHz subcarrier spacing with 2 I-DMRS symbols (#3, #10)

3. 15 kHz subcarrier spacing with 4 I-DMRS symbols (#2, #5, #8, #11)

· The following solutions are recommended for PSCCH performance improvement (listed in order of priority)

1. 30 kHz subcarrier spacing with 4 DMRS symbols (#2, #4, #9, #11) and regular data mapping

2. 30 kHz subcarrier spacing with 2 I-DMRS symbols (#3, #10) and interlaced data mapping

3. 15 kHz subcarrier spacing with 4 I-DMRS symbols (#2, #5, #8, #11) and interlaced data mapping
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Annex A: Simulation Assumptions

Table 3: Link level evaluation assumptions

	Parameter
	Value

	Carrier frequency
	2 GHz, 6 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	1x2, antenna spacing = 0.5λ

	Channel model
	UMi LOS, UMi NLOS

	Frequency synchronization
	See Table 2

	Signal transmission parameters
	PSSCH 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)

PSSCH 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)

PSCCH reference channel
      15 kHz: 1 PRB (180kHz) with 1 TTI (1ms)

      30 kHz: 1 PRB (360kHz) with 1 TTI (0.5ms)

	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

	V2V PSSCH link level results
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