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

2 PSSCH and PSCCH PHY Structure Enhancements

In the previous RAN1 WG meeting, multiple PSSCH and PSCCH PHY structure enhancements were discussed. The following three out of five design alternatives were down-selected (summary of agreements is provided in the Annex B):

· Alternative #1:
· 15 kHz subcarrier spacing

· In order to support 500 km/h relative speed case, lowering the coding rate can be used

· Alternative #4:
· DMRS REs are transmitted every 6th subcarrier in all symbols of the scheduled transmission

· 30 kHz subcarrier spacing

· DFT precoding is not applied to data REs

· Alternative #5:
· Alt 1 + Adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g. GNSS or eNB)

The Alternative 5 was taken as a working assumption. In this contribution, we continue analysis of the Alternatives #4 and #5 and suggest certain L1 enhancements for both of them and also provide performance comparison.

2.1 L1 enhancements for Alternative #4 (Per-symbol DMRS + 30 kHz spacing)

The Alternative #4 assumes that PSSCH/PSCCH transmissions should have DMRS REs on every 6th subcarrier in all symbols of the scheduled transmission and use the OFDM waveform with the 30 kHz subcarrier spacing. The scheme itself ensure a very strong robustness to the high speed propagation conditions. Several potential enhancement for this scheme can be considered.
OFDM vs SC-FDMA

In the last meeting it was suggested to use OFDM waveform for the PSSCH/PSCCH transmissions. In order to improve the PAPR/CM performance, DFT precoding on data symbols can be used. As shown in [2], using DFT precoding for data REs allows achieving small PAPR/CM difference comparing to the conventional SL design. Therefore, in order to reduce the number of changes comparing to the conventional SL design, DFT on data symbols can be maintained.

Observation 1
· DFT on data/control symbols can be used to reduce PAPR/CM for the Alt #4
DMRS structure

It is assumed that frequency distributed DMRS structure (FD-DMRS/2D-DMRS) should be used for the Alt #4. As clearly shown by prior studies to ensure reliable V2V operation it is important to use as much dense DMRS signal transmissions in time domain as possible. The suggested pattern is illustrated in Figure 1 and ensures both time and frequency domain channel estimation accuracy. The DMRS in the adjacent symbols can be used to perform CFO tracking.
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Figure 1. Frequency distributed DMRS structure (FD-DMRS/2D-DMRS)
Observation 2
· Frequency distributed DMRS structure can be used to ensure accurate channel and CFO estimation for Alt #4
2.2 L1 enhancements for Alternative #5 (4V DMRS + 15 kHz)
The Alternative #5 implies that PSSCH/PSCCH should include 4 “vertical” DMRS symbols and use the legacy SC-FDMA waveform with the 15 kHz subcarrier spacing. The robustness under high speed propagation conditions can be potentially achieved using adaptive selection of the MCS, resource allocation and number of retransmissions for both PSSCH and PSCCH.
PSSCH enhancements
The potential PSSCH enhancements include coding rate reduction, increase of the number of RBs and number of V2V signals retransmissions. So far, up 800 bytes packets are considered to be used for V2V communication. Therefore, there is a relatively small room for the coding rate and number of RBs adjustment, since even wideband V2V transmissions would still have relatively high coding rate and may be not robust enough under the high speed propagation environment. Therefore, to address the issue multiple retransmissions of the wideband V2V signals should be considered.

It is important to emphasize that this solution would result in the reduced spectral efficiency of the V2V transmissions and an overall V2V spectrum capacity loss. The prior RAN1 system-level studies for the V2V communication mainly assumed that V2V communication has rather good link quality and uses relatively spectrally efficient transmission parameters (e.g. 16QAM with single retransmissions). Therefore, prior to confirmation of the Alternative #5 additional studies to assess the impacts on the system-level performance may be needed.
Observation 3
· Alt #5 enhancements to improve robustness under high speed propagation conditions including reduced coding rate, increased number of RBs and increased number of V2V signals retransmissions may lead to substantial V2V system capacity loss.
Another potential issue worth mentioning is the procedure for the transmit parameters selection. Alt #5 assumes that the parameters should be selected at the transmit node which is actually not aware of the receiver propagation conditions (e.g. TX node may move with 100 km/h speed, while RX node may move with the 250 km/h speed). Furthermore, there is no L1 feedback to the transmitters from the receiver nodes, hence the number of required retransmission cannot be adjusted dynamically. In addition, we would like to note that even ideal knowledge of the receiver nodes propagation conditions and link quality may not help to completely solve the problem. The V2V communication has broadcast nature and the signals are expected to be received by multiple receivers, which may eventually have different propagation link conditions. To ensure robust V2V operation the transmission parameters should be selected based on the worst user link quality. Therefore, to ensure reliable V2V system operation the TX nodes would likely be forced to always use low MCS, wideband resource allocation and multiple retransmissions, hence, leading to the overall LTE V2V capacity loss.

Observation 4
· V2V transmitters do not have complete information on the propagation link quality at the receiver side. In case of Alt #5 to ensure robust and reliable broadcast communication V2V TX nodes will be required to always use transmission formats with lower spectral efficiency
PSCCH enhancements

Similarly to the PSSCH, the PSCCH enhancements to ensure robustness under high speed propagation conditions may include increased number of RBs and increased number of V2V signals retransmissions. The introduction of multiple PSCCH retransmissions may require introduction of a separate PSCCH resource pool and not desirable. Therefore, increasing the number of RBs seems to be a more reasonable alternative. For instance, 2 or 4 PRB pairs can be used.

One of the key questions related to increasing the PSCCH resource allocation size is whether the V2V systems need to support single or multiple transmission formats. On the one hand, it is evident that at low speeds there is no strong need to use multiple PRBs and legacy design would work fine. On the other hand, in case the system supports several PSCCH formats (e.g. 1 and 4 PRBs) UE would need to blindly test several PSCCH hypothesis. This may result in increased power consumption, implementation complexity and increased time processing. All the factors are undesirable and should be avoided. Therefore, it is more preferable to support a single PSCCH format which should be chosen in a way to ensure robust operation hence leading to reduced control channel capacity at low/medium speed propagation conditions.
Observation 5
· Support of multiple PSCCH transmission formats for Alt #5 would lead to increased UE implementation complexity and processing delays.
Another potential approach to improve the V2V PSCCH performance is to use differential PSK modulations instead of the conventional QPSK modulation format. In general case such differential modulations as DBPSK or DQPSK can be used to improve system robustness under the high speed conditions. Such modulations do not necessarily require channel equalization and may be robust under conditions that lead to inaccurate channel estimation (which is one of the key issues for high speed in Alt #5). Furthermore, under assumption of short transmission bandwidth (e.g. 1 PRB) such schemes can be used jointly with the SC-FDMA.
Observation 6
· Differential PSK modulations can be used to improve PSCCH performance for Alt #5
DMRS structure

So far, the DMRS structure for Alt #5 was not agreed. Two possible DMRS structures are considered including legacy DMRS and comb-like interlaced DMRS. The latter one is specifically designed to ensure possibility of large CFO estimation. As discussed in the previous meeting advanced receiver implementations with single symbol CFO estimation can be potentially used for the Legacy DMRS. However, the CFO estimation in that case is done under an assumption of a single tap channel profile and may lead to substantial estimation errors under NLOS multi-path propagation conditions. Therefore, using comb-like DMRS should be considered for Alt #5.
Observation 7
· For Alt #5, the Legacy DMRS structure with same symbol CFO estimation may lead to unreliable performance under NLOS conditions. Comb-like DMRS structure can provide more reliable CFO estimation.
3 PSSCH Performance
In this section we investigate the PSSCH performance under high speed propagation conditions and compare the performance of the Alt #4 (30 kHz + 2D-DMRS) and Alt #5 (15 kHz + 4V DMRS) solutions. 
The detailed simulation assumptions are provided in Annex A. The following simulation results are provided:

· Figure 2 – PSSCH performance. 300 bytes packet, 24 PRB allocation.
· Figure 3 – PSSCH performance. 300 bytes packet, 50 PRB allocation.
· Figure 4 – PSSCH performance. 800 bytes packet, 50 PRB allocation.
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	Figure 2. PSSCH performance. 300 bytes, 24 PRB allocation.
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	Figure 3. PSSCH performance. 300 bytes, 50 PRB allocation.
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	Figure 4. PSSCH performance. 800 bytes, 50 PRB allocation.


Observation 8
· Alt #4 (30 kHz + 2D-DMRS): To ensure robust operation V2V transmission requires single PSSCH transmission for both 300 bytes and 800 bytes packets. For 300 bytes packet sufficient reliability is achieved for non-wideband 24 PRB transmission.
· Alt #5 (15 kHz + 4V DMRS): To ensure robust operation V2V transmission requires at least 2 wideband PSSCH transmission for 300 bytes packet and at least 3 wideband PSSCH transmissions for 800 bytes packets.
In Figure 5 we provide link level simulation results with spectral efficiency statistics for Alt #4 and Alt #5 in case of 1 retransmission is used.
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	Figure 5. PSSCH spectral efficiency.


Observation 9

· Alternative #4 (30kHz + 2D-DMRS) allows achieving reliable high throughput V2V performance under high speed propagation conditions

· Allows using 16QAM transmissions with high coding rate

· Achieves up to 16 Mbit/s V2V link throughput for both LOS and NLOS scenarios

· Alternative #5 (15kHz + 4V DMRS) performance under high speed propagation conditions is substantially degraded comparing to the Alternative #4

· Does not allow using 16QAM transmissions and QPSK transmissions with high coding rate

· Achieves up to 6 Mbit/s V2V link throughput for LOS scenarios

· Achieves up to 4 Mbit/s V2V link throughput for NLOS scenarios

4 PSCCH Performance
In this section we provide results of the PSCCH performance under high speed propagation conditions and compare the performance of the Alt #4 (30 kHz + 2D-DMRS) and Alt #5 (15 kHz + 4V DMRS) solutions. The detailed simulation assumptions are provided in Annex A. The simulation results for Alt #5 with QPSK and DBPSK modulation is provided.
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	Figure 6. PSCCH performance.


Observation 10
· Alt #4 (30 kHz + 2D-DMRS) ensures reliable PSCCH performance for the case of single 1 PRB PSCCH transmission.
· Alt #5 (15 kHz + 4V DMRS):

· Reliable PSCCH performance is achieved for the case of 4 PRBs transmission in case of using QPSK modulation

· Reliable PSCCH performance is achieved for the case of 2 PRBs transmission in case of using DBPSK modulation

5 Conclusions

In this contribution, we provided our further views on the V2V demodulation challenges and potential PSSCH and PSCCH design enhancements to improve the V2V performance under high speed propagation conditions and imperfect frequency synchronization. In summary, we make the following proposals:
Proposal #1:

· Among identified alternatives RAN1 selects solution that provides the best performance.

Proposal #2:

· Adopt the following solution for the V2V PSSCH/PSCCH L1 design

1. 30 kHz subcarrier spacing

2. DMRS REs are transmitted every 6th subcarrier in all symbols of the scheduled transmission
3. DFT precoding is applied for data symbols
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Annex A: Simulation Assumptions

Table 1: 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
	Case B + Case 1: 

UE frequency estimation error - 0.2 ppm
Frequency error between eNBs - 0.1 ppm
Case A + Case 2:
UE frequency estimation error - Random from [-0.1, 0.1] ppm
Frequency error between eNBs - 0.0 ppm

	Signal transmission parameters
	PSSCH reference channel (Figures 2 - 4):

· MCS 2, TBS = 2216 bits, QPSK 1/4

15 kHz: 50 PRBs (50 x 180kHz PRB) with 1 TTI (1 x 1ms TTI)

30 kHz: 25 PRBs (25 x 360kHz PRB) with 2 TTIs (2 x 0.5ms TTI)

· 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)

· MCS 8, TBS = 6968 bits, QPSK 3/4

15 kHz: 50 PRBs (50 x 180kHz PRB) with 1 TTI (1 x 1ms TTI)

30 kHz: 25 PRBs (25 x 360kHz PRB) with 2 TTIs (2 x 0.5ms TTI)

PSSCH reference channel (Figure 5):
List of MCSs is showed in legend to the current figure. 
15 kHz: 50 PRBs (50 x 180kHz PRB) with 1 TTI (1 x 1ms TTI)

30 kHz: 25 PRBs (25 x 360kHz PRB) with 2 TTIs (2 x 0.5ms TTI)

PSCCH reference channel (Figure 6)
15 kHz: 1 PRB (180kHz) with 1 TTI (1ms)

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

	Tx EVM
	10%

	Demodulation assumptions 
	QPSK

Practical post-FFT CFO estimation and compensation

Practical post-FFT time offset estimation and compensation

Practical channel estimation

DBPSK

Practical post-FFT CFO estimation and compensation

Practical post-FFT time offset estimation and compensation

No channel estimation

The 1st symbol is used for AGC settling

The last symbol is punctured


Annex B:
RAN1 agreements on PSSCH/PSCCH Physical Structure
Agreements in RAN1 #82bis:
· The following observation is captured in TR: “DMRS needs to be enhanced for PC5-based V2V”

· Baseline: 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
Agreements in RAN1 #83:
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel

· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH

· FFS location of DMRS
· Possible options for evaluation and further study will be discussion during this week
· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)
· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week
· 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.

Agreements in RAN1 #83:
Options of DM RS location for evaluation (counting from #0)
· Other options are not precluded.
· For normal CP with 15 kHz subcarrier spacing
· 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}
· Assumption: Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 
· Baseline: QPSK with coding rate of 0.5
· Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 (only for data)
· 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.
· Companies should describe the receiver algorithm of the evaluated options.
Agreements in RAN1 #84:
· 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
Conclusion:
· 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
Working assumption in RAN1 #84bis
The three alternatives:

· Alt 1: 

· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)

· In order to support 500 km/h relative speed case,  lowering the coding rate can be used

· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation

· This may or may not have any specification impact

· Confirm the working assumption: 

· 15 kHz subcarrier spacing with 1 msec TTI length

· Supported by:

· LG Electronics, Huawei, HiSilicon, Samsung, CATT, ZTE, Nokia, ASB, OPPO (9)

· Objected by: 

· E///, QC

· Alt 4: Alt 2 + Alt 3 (with 30kzh tone spacing)

· Supported by: Intel, Ericsson, Qualcomm, ITRI (4)

· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)

· FFS: One or more PSCCH format(s) need to be supported

· Supported by: Ericsson, Huawei, HiSi, LGE, ZTE, CATT, Nokia net., Vodafone, CATR, Samsung, Sharp, Sony, ASB, Lenovo, OPPO, Xinwei (16)

Working assumption in RAN1 #84bis:
· Alt. 5
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