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1. Introduction

The Rel-14 V2V WI [1] introduced the support of the V2V PC5 (sidelink) communication. In particular, a number of SL physical layers enhancements were made to ensure reliable operation for the V2V propagation environments. In accordance to the Rel-14 V2V WI objectives the RAN4 WG needs to specify UE demodulation requirements for the new V2V sidelink physical channels. 
In the previous meeting as a part of UE demodulation requirements discussion initial agreements on the V2V UE reference receiver were reached [2]:

	· Working assumptions

· …
· TX/RX Timing error: ±12Ts 
· TX/RX Frequency error: ±600Hz
· AGC settling time (not used for demodulation): Single symbol

· …
· Reference V2V receiver assumptions
· RX timing window assumptions are FFS
· Option 1: set RX timing window on CP/2 from the GNSS reference time
· Other options not precluded
· Further study performance/complexity of CFO and  Doppler shift algorithms
· Option 1: “cross-DMRS” estimation
· Option 2: “single-DMRS” estimation 
· Further study channel and Doppler spread estimation impacts to the V2V UE demodulation performance.
· LMMSE-MRC reference receiver structure is used
· V2V UE receiver is capable of PSCCH DMRS cyclic shift blind detection


In this contribution we provide our further views on the scope of RAN4 work for the V2V WI Performance part and make suggestions on the associated UE demodulation performance requirements.
2. V2V Reference Receiver Assumptions
In order to the V2V UE demodulation performance requirements, certain assumptions on the reference receiver structure should be made. In particular, we think that at least the following aspects should be discussed and agreed:
· RX timing window selection

· CFO estimation assumptions

· Channel estimation assumptions

· PSCCH DMRS detection

2.1 RX timing window selection

The Rel-12 D2D UE demodulation requirements are defined under assumption that the UE receiver timing window has CP/2 offset relative to the reference timing. Such assumptions were introduced since the timing references of different UEs could be substantially different (e.g. different eNBs) and could result in positive/negative timing offsets. For V2V communication in case of using GNSS based synchronization only, there is no general need to follow same assumptions and the RX timing window can be adjusted to ensure wider coverage. However, in case the V2V operation is further extended for the scenarios with other synchronization sources then there may be mismatch in the TX timing references between different V2V transmitters. To maintain further compatibility with other sync source types it is suggested that the minimum performance requirements are defined under assumption of CP/2 based timing window (i.e. RX window starts at CP/2 after TX timing reference) similar to D2D. Such settings would limit the V2V communication range by ~700m, which should be sufficient for the use cases considered during the RAN1 studies, but would ensure that receiver is robust towards a range of possible timing offsets.
Proposal #1:
V2V RX timing window is assumed to be set on CP/2 from the GNSS reference time

2.2 CFO estimation
The carrier frequency offset compensation is one of the key features to provide reliable V2V communication. Under assumption of using GNSS synchronization sources only, there are a few factors contributing to the overall frequency errors at the receiver side:

· TX frequency synchronization error: The max error is ±0.1 ppm = 590 Hz for the 5.9GHz carrier.

· RX frequency synchronization error: The max error is ±0.1 ppm = 590 Hz for the 5.9GHz carrier.

· V2V link Doppler shift: Depends on the channel characteristics (LOS/NLOS), carrier frequency, and relative velocity of transmitter and receiver (direction and speed). The max Doppler shift for the 5.9GHz carrier and 500km/h relative UE speed can be ~2.7kHz.

The dependency of the overall upper bound frequency error at the receiver vs the relative UE speed is illustrated in Figure 1. It may be observed that the max CFO is upper bounded by 3.9 kHz.
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Figure 1. RX frequency error vs relative UE speed
As shown by RAN1 studies, in order to ensure reliable performance, UE is required to estimate and compensate the receive signal frequency errors. Two generic approaches for the frequency error estimation were considered during the recent RAN1 studies:
1) Cross DMRS symbols CFO estimation
Following this approach the CFO can be estimated using phase difference between the signals on the two DMRS symbols. The full processing can be done in frequency domain and implies relatively small complexity. The drawback of this approach is that the max estimated CFO is upper bounded by the time interval between the two neighboring DMRS symbols (i.e. 3 OFDM symbols). In particular, the max estimated CFO is ~2.3kHz. Under assumption of ±0.1 ppm TX/RX frequency errors it corresponds to ~200km/h relative UE speed. Under assumption on no TX/RX synchronization errors the max estimated CFO corresponds to ~420km/h relative UE speed. In addition, we’d like to note that for low frequencies (e.g. 2GHz), such method can be used to compensate the CFO for max speeds exceeding 500km/h.
2) Single DMRS symbol CFO estimation

Based on this approach the CFO can be estimated on a single DMRS symbol via signal conversion to time domain [3, 4]. The approach potentially allows up to 15 kHz max CFO estimation, however, it may have poor estimation accuracy for the NLOS propagation conditions and may inject additional errors in case the actual CFO is relatively small. So additional studies on the algorithm performance may be needed. The main disadvantage of this algorithm is the increased UE implementation complexity. In particular, UE is expected to perform multiple frequency-time conversions of the receive signal on the DMRS signal for signals from different sources. Assuming that UE may be capable to receive up to 10 V2V signals per subframe, the overall complexity may become a limiting factor.
Below in Figure 2 we provide the PSSCH BLER and CFO estimation error simulation results to illustrate the performance of both methods under AWGN and EVA channel models.
	AWGN
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	EVA-70Hz
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	EVA-700Hz
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	Figure 2. CFO estimation analysis


Observations #1: CFO estimation 

· ‘Single DMRS symbol’ CFO estimation method has substantially higher complexity comparing to the “Cross DMRS symbol” method.
· For low speed scenarios (AWGN or EVA-70Hz) ‘Single DMRS symbol’ method may lead to significant performance degradation in comparison with ‘Cross DMRS symbols’ method.
· For medium speed scenarios (EVA-700Hz) performance of both methods is rather equal.
Proposal #2:
Define the minimum UE demodulation performance requirements based on “Cross DMRS symbols” CFO estimation assumptions.
2.3 Channel estimation

Channel estimation assumptions may have noticeable impact on the UE demodulation performance and in RAN4 #80bis it was agreed to “further study channel and Doppler spread estimation impacts …”. In particular, the V2V links are expected to experience severe channel variations in time domain for the high speed propagation conditions. For the NLOS channels the high speed propagation conditions would result in the strong Doppler spread effects. For 500km/h relative UE speed the maximum Doppler frequency is upper bounded by ~2.7kHz. Assuming using of MMSE channel estimation filter with channel interpolation in time domain, the maximum Doppler spread which may be handled by such filter is ~2.3kHz (similarly to CFO it depends on the distance between the DMRS symbols). Hence, the max handled speed under NLOS scenarios can be ~420km/h (see companion paper [5]). 
Several time domain channel estimation approaches can be considered for the minimum requirements definition:

1) MMSE filtering under robust Doppler spread assumptions (Doppler spread = 2800 Hz)
2) MMSE filtering under perfect knowledge of Doppler spread
3) Linear channel interpolation between DMRS symbols

In the figures below we illustrate the PSSCH demodulation performance for EVA channels for the low speed and high speed propagation conditions (i.e. 70 Hz ~ 15 km/h relative UE speed, 1300 Hz ~ 250 km/h relative UE speed). The results show that Alt #1 and Alt #3 may leads to the noticeable performance loss for the high speed scenarios. Based on this results we can conclude that knowledge of Doppler spread is important for achieving of reliable PSSCH performance. However, information about Doppler spread at the UE side is unavailable. So further study of methods for Doppler spread estimation and theirs reliability is required.
	QPSK, EVA - 70Hz
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	QPSK, EVA - 1300Hz
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	16QAM, EVA - 70Hz
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	16QAM, EVA - 1300Hz

[image: image11.emf]8 10 12 14 16 18 20 22

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSSCH

Linear

MMSE - Perfect

MMSE - Robust



	Figure 3. Channel estimation analysis.


Proposal #3:
Further study the reliability of the Doppler spread estimation at the UE side.
2.4 PSCCH DMRS detection

In accordance to the RAN1 design the cyclic shift for the PSCCH DMRS is randomly selected out of {0, 3, 6, 9} by the transmitter on a subframe basis. The functionality was introduced to improve the signal reception in the interference limited conditions. In order to perform successful PSCCH reception, UE should be capable to perform blind detection of the DMRS cyclic shift. In particular, the following agreements were reached by RAN1:

	· PSCCH DM RS CS is blindly detected.

· Transmitter UE randomly selects one CS out of 4 candidates (details FFS) for every PSCCH transmission.
· At each SA resource candidate, a UE is not required to decode more than one PSCCH.

· It is RAN1 understanding that a UE will select the CS with the highest reception power. The related UE requirement is up to RAN4 decision.


So, for the definition of the Rel-14 V2V demodulation requirements the performance requirements should not require decoding more than one PSCCH for each SA resource candidate. In the latter case it is reasonable to assume that UE performs RX processing for the CS hypothesis with the strongest measured PSCCH-RSRP (similar to RAN1 understanding).

Proposal #4:
Rel-14 V2V UE demodulation requirements are defined under assumption that UE performs single SA hypothesis decoding corresponding to the cyclic shift hypothesis with the strongest PSCCH-RSRP.
3. Conclusions

In this contribution we have provided our views on the scope of V2V UE demodulation requirements, test purposes, scenarios and also share our considerations on the V2V reference receiver assumptions. In summary, we make the following proposals:
Proposal #1:
V2V RX timing window is assumed to be set on CP/2 from the GNSS reference time
Proposal #2:
Define the minimum UE demodulation performance requirements based on “Cross DMRS symbols” CFO estimation assumptions.
Proposal #3:
Further study the reliability of the Doppler spread estimation at the UE side.
Proposal #4:
Rel-14 V2V UE demodulation requirements are defined under assumption that UE performs single SA hypothesis decoding corresponding to the cyclic shift hypothesis with the strongest PSCCH-RSRP.
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