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1
Introduction
In this contribution we discuss about synchronization signal generation and design principles for D2D broadcast transmissions. 
RAN1#74bis made the following working assumptions related to synchronization and associated physical channels [1]:

	· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS

· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel

· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data

· others FFS

· A synchronization source is any node transmitting D2DSS 

· A synchronization source has a physical identity PSSID

· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s).


Furthermore, a working assumption was made to adopt SC-FDMA to all data-carrying physical channels.
2
Discussion
2.1
Synchronization signal generation
It was agreed that D2D SS comprises of at least PD2DSS and this should be based on Zadoff-Chu sequence similar to PSS in downlink LTE. The main motivation of reusing the design principle (if not the entirety of the design) of PSS in downlink LTE is to allow UEs to reuse the detection hardware implemented for LTE downlink and reduce UE implementation impact. The downlink PSS was designed for OFDMA which skips the DC subcarrier tone, whereas the SC-FDMA does not have any skipping tone and implements a ½ subcarrier shift. Thus if we were to directly apply the PSS sequence to be mapped in the frequency domain (without the DFT transform precoding), it would result in a different time domain sequence compared to PSS sequence sent over OFDMA. Furthermore, PSS sequence sent in SC-FDMA waveform (without the DFT transform precoding) results in higher cubic metric (CM) compared that with PSS in OFDMA. Figure 1 shows the cumulative distribution of CM of QPSK data symbols in SC-FDMA waveform and CM of downlink PSS sequences in OFDMA and SC-FDMA (without DFT transform precoding). We assumed that QPSK data symbols are sent in the center 6 RBs. It is also to be noted that UL DM RSs (without DFT transform precoding) and that are Zadoff-Chu sequences achieve CM ranging close to 0 dB up to 2.6 dB per transmission bandwidth. In other words, there are reference signal sequences used as UL DM RS sequences (depending on group number and base sequence within a group) that achieve lower CM than QPSK data symbols in SC-FDMA. Figure 2 shows the cumulative distribution of CM of SSS in OFDMA waveform. We can see that there are SSS sequences that show low CM (below 2.5dB).
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Figure 1. Cubic metric of QPSK data information in SC-FDMA and PSS in OFDMA and SC-FDMA waveform
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Figure 2. Cubic metric of SSS in OFDMA waveform
Therefore, utilizing PSS in SC-FDMA means that we would be throwing out the very motivation to choose ZC sequence as the basis of PD2DSS and to choose M-sequence as the basis of SD2DSS , as we know that there are far better methods to design SS sequence that have low CM (e.g. computer generated).
Observation 1: PD2DSS/SD2DSS based on PSS/SSS in LTE downlink allows complete reuse of synchronization detection hardware for a UE and minimizes implementation impact.
Observation 2: UL DM RS sequences, that are Zadoff-Chu sequences and sent without DFT transform precoding, can achieve lower CM than QPSK data symbols in SC-FDMA. 
Proposal 1: At least PD2DSS/SD2DSS are OFDM based in D2D. 
2.2
Synchronization signal design principles
Irrespective of whether distributed or centralized medium access method is utilized in out of coverage situation, it’s expected that each D2D transmission consists of synchronization and control/data part (control to assist demodulating the data). Furthermore, it’s expected that any UE within communication range may initiate a D2D transmission. Due to broadcast nature the transmissions are not power controlled to any receiver and thus signal strengths of received signals from different transmitters seen at the receiver may vary quite significantly. Thus, each individual D2D transmission needs to have a preamble part, which is long enough, in order for the receiver to carry out AGC for the incoming signal. Due to expected large dynamic range requirement at the receiver (note that receiver may require to go from very low gain to very high gain, and vice versa for the consecutive transmissions that may come from different transmitters), time of 2 OFDM symbols are proposed to be reserved for AGC tuning. This preamble part would be formed from PD2DSSs. Thus the synchronization signal part would consist of 3 repeated PD2DSSs and a SD2DSS sent in sequence in the beginning of each D2D transmission. 
Proposal 2: 2 OFDM symbols in the beginning of the each D2D transmission is reserved for AGC. 
In out of coverage situation, the UEs need to rely on pre-configured parameters, and basically the public safety UE in the field may be kind “out-of-the-box” UE. That implies that it is not meaningful to introduce dynamic parameters into L1 because a common configuration entity is missing. For instance, the UEs to be communicating in a certain area when there is no network coverage can be from different PLMNs and thus for instance UE identification based on L1 signals would be prone to collisions given that no coordination among UEs can be assumed. Thus, it’s not seen feasible to identify a UE in L1. In other words, it’s argued that there is no clear reasoning to introduce multiple sequences for secondary SS for identification of the source. 
Proposal 3: UE is not to be identified based on primary and secondary SSs. 
In a companion contribution [2], it’s proposed to adopt a master-slave type synchronization scheme for out of coverage situation in which a UE becomes a master UE that provides synchronization reference for other UEs in communication range when it initiates data transmission on the radio resources (channel) that has been determined to be idle. In the scheme, the master starts sending periodically PD2DSS and SD2DSS and after the certain number of periodical PD2DSS and SD2DSS transmissions, actual D2D broadcast data symbols follow the SSs. The SD2DSS while used for synchronization purpose should also indicate the receivers whether or not symbols for data and associated control follow the SSs. 
Proposal 4: SD2DSS to indicate whether or not symbols for data and associated control follow SSs. 
3
Conclusions

This contribution discussed issues related to synchronization signal design for D2D transmissions in out of coverage. 
Proposal 1: At least D2DSS signals are OFDM based in D2D.  
Proposal 2: 2 OFDM symbols in the beginning of the each D2D transmission is reserved for AGC.
Proposal 3: UE is not to be identified based on primary and secondary SSs. 

Proposal 4: SD2DSS to indicate whether or not symbols for data and associated control follow SSs. 
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