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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 and Rel-14 V2V WI. The following agreements were reached in the last meetings:
	RAN1 #83

· 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
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· Adopt DMRS location option 1 for PSCCH/PSSCH for V2V

· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length

· Note: 30 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded

· Note: 15 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded

· Note: only one subcarrier spacing and one TTI length will be supported in V2V

· Continue performance evaluations with following additional assumptions until the next meeting

· At least 1 micro sec timing error

· 1 PRB 

· 15 kHz and 30 kHz subcarrier spacing to confirm WA in the next meeting

· Companies can consider RAN4 response LS related to Doppler shift parameter

· For PSBCH, reuse the same reference signal type that will be agreed for PSSCH and PSCCH

· DMRS density for PSBCH is FFS between 2 and 3 symbols per 1 ms.

· PSSS/SSSS location is not changed.


In this contribution, we provide further views on V2V demodulation challenges and potential PSSCH and PSCCH design enhancements to improve V2V performance under high Doppler conditions and imperfect frequency synchronization.

2 Revised high speed requirements
In the RAN #71 meeting, the V2V WI objectives were revised [1]. In particular, the following new objectives were added with respect to the target absolute and relative speed supported by V2V systems:
	… The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (e.g., adaptation of code-rate, the DMRS mapping/structure) (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h. …


Therefore, in accordance to the WI revision the system should be designed to enable operation under 500 km/h relative UE speed conditions. Meantime, the original SI and WI objectives included a maximum 280 km/h relative UE speed scenario and all the existing agreements and working assumption were derived under this assumption. As shown in Table 1, the change of the maximum relative UE speed requirements leads to substantial growth of the maximum Doppler frequency and carrier frequency offsets on the V2V links.
Table 1. Target synchronization scenarios

	#
	Scenario
	Max Doppler frequency on V2V links
	Max V2V link frequency offset for 6 GHz

	
	
	280 km/h relative UE speed
	500 km/h relative UE speed
	280 km/h relative UE speed
	500 km/h relative UE speed

	1
	Extreme case (Case 1 + Case B)
	1.5 kHz
	2.8 kHz
	3.3 kHz
	4.6 kHz

	2
	Extreme case (Case 1 + Case B) + Uu link Doppler shift
	
	
	4.9 kHz
	7.4 kHz

	3
	Typical case (Case 2 + Case A)
	
	
	2.8 kHz
	4.0 kHz

	4
	Typical case (Case 2 + Case A) + Uu link  Doppler shift
	
	
	4.3 kHz
	6.8 kHz


Observation #1:

· In case of 500 km/h relative UE speed requirements, the maximum Doppler frequency on V2V links is up to 2.8 kHz and the maximum carrier frequency offset (including Doppler shift) on V2V links is up to 7.4 kHz (≈ ½ of subcarrier spacing).
Therefore the up to date V2V physical design may eventually become obsolete and not able to ensure robust operation under agreed high speed conditions. The existing agreements and assumptions may need to be revised to take into account the new system requirements based on the input from RAN WG. In particular, the following working assumptions become invalid and need to be revised:

	· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH
· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length


Proposal #1:
· Revise RAN1 working assumptions on the DMRS structure and subcarrier spacing in order to meet the new target high speed system requirements.
3 PSSCH and PSCCH PHY Structure Enhancements
In accordance to the previous agreements, the enhanced SL design should include either 4 DMRS or Interlaced DMRS (Comb like) symbols per 1ms. Furthermore, the legacy 15 kHz subcarrier spacing was agreed to be used as a working assumption. Given, the modified target velocity requirements, the current agreements may not ensure robust enough operation and alternative solutions should be considered. 
The following two key approaches can be considered:
· Increased subcarrier spacing. The basic principle of OFDM/SC-FDMA systems design is that the subcarrier spacing should substantially exceed the maximum carrier frequency offset caused by Doppler shift in order to avoid ICI (Δf >> fD). Meantime, given the existing target velocity requirements, it may happen that fD ≈ 1/2 Δf, which would definitely result in the increased ICI effects and reduced demodulation performance, especially for spectrum efficient transmissions. Therefore, increased subcarrier spacing seems to be a natural approach to improve the system robustness. The increase of subcarrier spacing up to 30 kHz or 60 kHz will decrease the symbol duration, so that the whole subframe occupies 0.5ms or 0.25ms time interval. This change will effectively increase the DMRS density and make the system more robust to the channel variations in time and to ICI distortions caused by Doppler shift or residual synchronization errors.
· Frequency distributed DMRS structure (FD-DMRS/2D-DMRS). Further increase of the number of DMRS symbols (e.g. 6 symbols per 1ms) would come at the cost of too large system overhead and may not eventually solve the issue. As clearly shown by prior studies to ensure reliable V2V operation it is important to ensure as much dense DMRS signal transmissions in time domain as possible. Therefore, alternative DMRS structures with non-contiguous frequency patterns can be considered. For instance, the certain frequency distributed DMRS patterns (FD-DMRS/2D-DMRS) can be used to improve the system performance. The suggested pattern ensures both time and frequency domain channel estimation accuracy. The DMRS in the adjacent symbols can be used to perform CFO tracking. One possible drawback of the approach is that non-contiguous in frequency DMRS transmission would result in the increased PAPR/CM and hence reduced MCL performance. However, as shown in [2] the potential CM reduction is ~1.2 dB in case of using SC-FDM waveform. Therefore, in case the non-contiguous pattern provides sufficient link-level gains over frequency contiguous solutions it can be adopted without impacts on the system coverage.
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Figure 1. Frequency distributed DMRS structure (FD-DMRS/2D-DMRS)
In Table 2, we provide the list of the possible V2V design enhancements to improve the system performance in the high speed conditions based on the list of options identified during the prior 3GPP studies and new proposed solutions which aim to ensure robust performance for the 500 km/h conditions. The table also provides information on the maximum receive signal carrier frequency offset which can be estimated using the candidate design option and also the estimate of the maximum Doppler frequency for the channel estimation filter (if applicable). The Solution #0 corresponds to the legacy Rel-12 SL design and is provided for the reference. For solutions #1 and #4 with 4 DMRS pattern, as discussed in the last meeting it may be possible to consider single symbols processing to increase the CFO range. However, as observed in [3] such algorithms may have robustness issues under certain DMRS sequences. In addition, the method is suboptimal and designed under assumption of single tap channel propagation. Furthermore, it implies substantially increased UE implementations complexity due to several additional frequency/time FFT conversions which is not a basic assumption for the LTE UE receiver design. Therefore, for the current analysis it is assumed that single FFT processing is applied and UE is not making single symbol frequency offset estimation if DMRS signal is not optimized to support it.
Table 2. Candidate V2V enhancement solutions

	#
	Solution
	Subcarrier Spacing
	Reference signal structure (symbols)
	Max handled frequency offset / Doppler spread

	0
	Legacy (15 kHz + 2 Legacy DMRS)
	15 kHz
	2 DMRS on symbols 3, 10
	1 kHz / 1 kHz

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

	2
	4 I-DMRS (#2, #5, #8, #11) + 15 kHz
	15 kHz
	4 DMRS on symbols 2, 5, 8, 11 with interlaced (Comb) structure 
	15 kHz / 2.3 kHz

	3
	FD-DMRS  + 15 kHz
	15 kHz
	Frequency distributed DMRS structure (see Figure 1)
	7 kHz / NA

	4
	4 DMRS (#2, #5, #8, #11) + 30 kHz
	30 kHz
	4 DMRS on symbols 2, 5, 8, 11
	4.6 kHz * / 4.6 kHz

	5
	4 I-DMRS (#2, #5, #8, #11) + 30 kHz
	30 kHz
	4 DMRS on symbols 2, 5, 8, 11 with interlaced (Comb) structure 
	30 kHz / 4.6 kHz

	6
	FD-DMRS + 30 kHz
	30 kHz
	Frequency distributed DMRS structure (see Figure 1)
	14 kHz / NA


(*) - Under assumption of not using single symbol DMRS processing

Observations #2:

· The candidate solutions with 15 kHz subcarrier spacing cannot ensure robust operation under all synchronization scenarios listed in Table 1.
· The candidate solutions #3 with 15 kHz subcarrier spacing can ensure robust operation under majority of the synchronization scenarios listed in Table 1.
· The candidate solutions #5 and #6 with 30 kHz subcarrier spacing ensure reliable operation under all synchronization scenarios listed in Table 1.
Below, 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 6GHz carrier frequencies and for UMi LOS and NLOS propagation conditions.
	PSSCH simulation results summary
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	UMiLOS, Case 1 + Case B
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	UMiNLOS, Case 1 + Case B
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	UMiLOS, Case 1 + Case B + Uu link Doppler shift
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	UMiNLOS, Case 1 + Case B + Uu link Doppler shift
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	UMiLOS, Case 2 + Case A
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	UMiNLOS, Case 2 + Case A
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	UMiLOS, Case 2 + Case A + Uu link Doppler shift
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	UMiLOS, Case 2 + Case A + Uu link Doppler shift
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	PSCCH simulation results summary
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	UMiLOS, Case 1 + Case B
[image: image12.emf]-5 0 5 10 15

10

-2

10

-1

10

0

SINR, dB

BLER

V2V PSCCH

 

 

15kHz, 4 DMRS

15kHz, 4 I-DMRS

15kHz, FD-DMRS

30kHz, 4 DMRS

30kHz, 4 I-DMRS

30kHz, FD-DMRS


	UMiNLOS, Case 1 + Case B
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	UMiLOS, Case 1 + Case B + Uu link Doppler shift
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	UMiNLOS, Case 1 + Case B + Uu link Doppler shift
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	UMiLOS, Case 2 + Case A
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	UMiNLOS, Case 2 + Case A
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	UMiLOS, Case 2 + Case A + Uu link Doppler shift
[image: image18.emf]-5 0 5 10 15

10

-2

10

-1

10

0

SINR, dB

BLER

V2V PSCCH

 

 

15kHz, 4 DMRS

15kHz, 4 I-DMRS

15kHz, FD-DMRS

30kHz, 4 DMRS

30kHz, 4 I-DMRS

30kHz, FD-DMRS


	UMiLOS, Case 2 + Case A + Uu link Doppler shift
[image: image19.emf]-5 0 5 10 15

10

-2

10

-1

10

0

SINR, dB

BLER

V2V PSCCH

 

 

15kHz, 4 DMRS

15kHz, 4 I-DMRS

15kHz, FD-DMRS

30kHz, 4 DMRS

30kHz, 4 I-DMRS

30kHz, FD-DMRS




Observations #3:

· The 4 I-DMRS and FD-DMRS patterns with 30 kHz subcarrier spacing ensure reliable operation under all investigated scenarios.
· Other solutions do not provide sufficiently robust performance for all scenarios 
Proposal #2:
· The following solutions are recommended for PSSCH/PSCCH performance improvement (listed in order of priority)

1. 30 kHz subcarrier spacing with FD-DMRS symbols

2. 30 kHz subcarrier spacing with 4 I-DMRS symbols (#2, #5, #8, #11)
It should be noted that 60 kHz subcarrier spacing is also a good candidate option recommended for further analysis. 
4 Conclusions

In this contribution, we provided our views on demodulation enhancements for V2V communication. In summary, our link level analysis shows that the existing RAN1 assumptions on the PSSCH and PSCCH design may need to be revised due to the change of the target WI high speed requirements. The analysis indicates 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.

Proposal #1:
· Revise previous RAN1 working assumptions on the DMRS structure and subcarrier spacing in order to meet the new target high speed system requirements.
Proposal #2:
· The following solutions are recommended for PSSCH/PSCCH performance improvement (listed in order of priority)

1. 30 kHz subcarrier spacing with 4 FD-DMRS symbols

2. 30 kHz subcarrier spacing with 4 I-DMRS symbols (#2, #5, #8, #11)
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Annex A: Simulation Assumptions

Table 3: 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

	Frequency synchronization
	See Table 1

	Signal transmission parameters
	PSSCH reference channel:
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)

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


PAGE  
3/9

