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1 Introduction

In this contribution, we discuss design details of primary D2D synchronization signal (PD2DSS). The PD2DSS may be used by a UE to obtain initial time and frequency synchronization. According to the RAN1 WG working assumption made during the study item phase [1], the PD2DSS signal is transmitted by synchronization sources (SS) and in terms of signal physical structure:
· PD2DSS is a Zadoff-Chu sequence

· Length FFS
In this contribution, we summarize our views on the potential issues associated with the current PD2DSS signal design assumptions.
2 Synchronization Requirements
The D2D communication is supposed to target to operate with the same synchronization requirements as cellular system, i.e. timing should be within a fraction of the CP duration (~ 1us) and the residual carrier frequency offset relative to the frequency of synchronization source should be within Δppm = +/-0.1 ppm.

The following factors need to be carefully considered during the design of PD2DSS signal, resource allocation and synchronization procedure:
· Initial frequency offset error

· Residual frequency offset requirements

· Timing estimation error

All these parameters may affect the PD2DSS signals transmission as well as the design of its physical structure and mapping to spectrum resources.

2.1 Carrier Frequency Offset

In out of coverage scenarios, RAN4 has concluded that the synchronization on D2D link is subject to the high initial frequency offset up to ±20 ppm (±10 ppm at the TX and RX side according to [2]). Prior to RAN4’s feedback to RAN1 on UE initial frequency offset error, RAN1 has agree to use the Zadoff-Chu(ZC) sequences as working assumption for PD2DSS sequences.. The ZC sequences were used in LTE Rel-8 as primary synchronization signals for initial UE synchronization and cell search procedures due to their good auto-correlation and cross-correlation properties for relatively small initial frequency offset conditions.
In out of coverage, the synchronization among D2D UEs may suffer from the large initial offset (up to multiple subcarrier spacing). The synchronization performance can significantly degrade in case of integer frequency offset (IFO). In particular, for non-zero integer frequency offset the peak of the cross-correlation timing metric shifts away from the correct starting position by the fixed amount of samples and the peak shift depends on ZC signal parameters.
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Figure 1: Cross-correlation peak shift in case of integer frequency offset
The presence of the erroneous peaks (see Figure 1) in cross-correlation function may degrade the performance of timing estimation and will require additional signal processing steps to resolve the ambiguity in both carrier frequency offset and timing estimate.
It should be noted that maximum initial frequency offset value depends on the carrier frequency, therefore the relative frequency error will be larger for 2GHz carrier frequency (+/- 40 kHz) compared to lower carrier frequency, e.g. 700 MHz (+/-14 kHz). Most of the existing RAN1 evaluations assume 700 MHz carrier frequency, which may overlook the above potential issues of larger initial frequency offset value associated with higher carrier frequency.
Observation 1.
· The integer frequency offset may degrade the performance of the timing estimation procedure if existing Zadoff-Chu sequences are used for initial timing estimation in out of coverage scenarios
· Additional signal processing is needed to resolve timing and integer frequency offset estimation ambiguity
· Additional signal which is less sensitive to large frequency offset may be used as PD2DSS sequence.
3 Conclusions
Given that in out of coverage scenarios, the initial frequency offset can be larger than LTE subcarrier spacing (15 kHz), the cross-correlation may result in ambiguity peaks, when ZC sequences are used for initial timing estimation. It can be recommended to evaluate the high carrier frequency scenario and re-consider the current working assumption on ZC for PD2DSS at least for out of coverage scenarios if needed. Alternatively, it may be recommended to discuss which carrier frequencies are supposed to be used in out of coverage to better understand the upper bounds on the maximum initial frequency offset between terminals.
Proposal:

· RAN1 to discuss the carrier frequencies that are supposed to be used for out of coverage PS operation and consider revising working assumption on ZC based PD2DSS design in out of coverage scenarios.
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