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1. Introduction
In the meeting RAN1 #74bis and #76, the following was agreed as working assumptions:
===========================================================================
RAN1 #74bis
· 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
RAN1 #76
· Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage 

· After giving priority to synchronisation sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:

· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS: Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D selection criterion.

· FFS whether to define the measurement for received D2DSS quality.

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.

===========================================================================

This contribution discusses details of D2DSS and PD2DSCH, focusing on the structure of D2DSS and PD2DSCH, and their contents.

2. D2DSS design
Based on the working assumption, PD2DSS uses a Zadoff-Chu sequence, which is similar to the LTE PSS. Therefore, it is advantageous to reuse the LTE PSS format for the D2DSS as much as possible in order to reuse the existing timing acquisition circuit to the maximum extent. 
One main difference from the current timing acquisition is that, in D2D communications, it is difficult for a UE to transmit the synchronization reference continuously due to the battery consumption and the constraint of half-duplex operation. A UE transmitting D2DSS also needs to receive D2D signals from other D2D UEs or to transmit WAN UL as per the agreement that TDM can be used for multiplexing D2D signal and cellular signal from individual UE perspective. Thus, it is reasonable to have a relatively long period (e.g., 100 ms) for the D2DSS transmission. A few hundred milliseconds for D2DSS period is sufficient to maintain reliable synchronization because synchronization is generally assumed valid for 0.5s in the current power consumption model.
In order to maximize the D2D communication range, the design of D2DSS should provide a reliable detectability in low SINR cases. The detection of synchronization signal can be improved by combining the energy of multiple signal transmissions as discussed in [1]. However, the acquisition delay will increase too much if signal transmissions are combined over multiple transmission periods, especially when a relatively long period is used. Also timing drift due to oscillator offset lowers combining performance. In order to overcome this problem, we propose to design the D2DSS as N repetition of a single symbol PD2DSS within a subframe. The performance of N repeated PD2DSSs is shown in [2] and the result revealed that multiple OFDM symbol should be used as a D2DSS in a subframe in order to get sufficiently reliable synchronization performance with using one subframe.
Regarding the necessity of SD2DSS, we should consider PAPR property of M sequences additionally since high PAPR causes poor transmit power efficiency. The average PAPR of M sequences over its root indices is higher than that of ZC sequences. High PAPR D2D feature may require additional high linearity transmission circuits and cost increases. Therefore we propose that D2DSS should consist of only PD2DSSs to reduce PAPR burden while the role of SD2DSS is performed by DM RS of PD2DSCH accompanied in the same subframe. Synchronization reference identification similar to PSS/SSS cell identification can be delivered via root indices of PD2DSS and DM RS in PD2DSCH.

Proposal 1: D2DSS consists of N repeated PD2DSSs within a subframe. SD2DSS is not defined but DM RS of PD2DSCH is used instead. 
3. PD2DSCH design
The role of PD2DSCH can be similar to that of PBCH; it can deliver the essential information required for the D2D transmissions and receptions. As some part of identity-related information can be delivered via D2DSS in combination of DM RS of PD2DSCH, PD2DSCH can deliver the following information required for synchronization:

· D2D system bandwidth: This indicates the system bandwidth to be assumed in transmitting and receiving D2D communication signals.
· D2D subframe pattern: This indicates subframes in which D2D transmission/reception is possible. A D2D UE transmits or receives D2D signals only in the subframe indicated by D2D subframe pattern when the associated D2DSS is used as the synchronization reference. As an example, if D2DSS/PD2DSCH is transmitted from a UE associated with a cell, the D2D subframe pattern is a set of UL subframes on which D2D operation is allowed by the eNB. We note that this information can provide additional information compared to simply providing TDD UL/DL configurations because it contains the information on which subframe D2D is allowed and it is also usable for FDD. In case of outside network coverage, a UE locating at the overlapping area of two D2D synchronization clusters can switch between the two clusters in a TDM manner by receiving the subframe pattern.

· Scheduling assignment resource pool: This indicates the resource pool in which scheduling assignment for D2D broadcast can be transmitted. Each UE acquires this information during the synchronization procedure and can receive all the other necessary configuration message via the data broadcast channel after blindly detecting the relevant scheduling assignment within the scheduling assignment resource pool.
· Type(origin) of synchronization source: This indicates whether this D2DSS and PD2DSCH is originated from an eNB, a UE elected as a SR-UE, a relay UE connected to eNB, or a UE relaying PD2DSCH transmitted from a SR-UE. Appropriate UE behaviors can be defined using this information. By the working assumption in the meeting RAN1#76, a synchronization source within network coverage is prioritized higher. Therefore a receiving UE selects synchronization sources by considering this field.

· Stratum level: This indicates that how many times the D2DSS/PD2DSCH is relayed. If the counter reaches the max value, a UE cannot relay D2DSS to others. Also, combining synchronization type indicator above, the level would be a main criterion that selects one D2DSS from multiple D2DSSs. Detailed procedures are described in [3].
· Expiration time: This indicates that how long the synchronization source will keep transmitting the D2DSS/PD2DSCH. The source can stop its transmission after the indicated duration, for example, to save its battery or to change the synchronization hierarchy in adaptation to the UE mobility. After the duration, the D2DSS is expired and a UE transmitting the D2DSS and its connected UEs may contend for next synchronization transmission.
In addition to the above information, some bits can be reserved for future usage, for example, to give some information on the network-UE relay. 

One of possible designs of PD2DSCH is slot-based structure shown in Figure 1. N-symbol D2DSS (PD2DSS) is located in the first slot. It allows timing synchronization before receiving PD2DSCH. Second slot is used to transmit PD2DSCH. The transition period at the last symbol is empty to prevent inter-subframe interference between D2D and WAN subframes. Except for D2DSS, an additional RS is needed to demodulate PD2DSCH. This RS can be used to estimate frequency offset also, thus, the RS should consist of multiple symbols to compare frequency offset of each symbol. We propose PD2DSCH has 2 RSs per slot. For RS sequences, it is reasonable to reuse PUSCH DM RS (Zadoff-Chu sequences) to the maximum extent because of uplink feature of D2D and PUSCH-like structure of PD2DSCH. We note that, at least in some in-coverage cases, all the control signaling required for D2D communication and discovery can be transmitted from the serving cell in a more reliable manner. In this case, PD2DSCH may be omitted and the corresponding resources can be used for the other purpose like additional repetition of PD2DSS.
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Figure 1. An example of D2DSS and PD2DSCH multiplexing

Proposal 2: PD2DSCH contains information such as D2D system bandwidth, D2D subframe pattern, SA resource pool, type of synchronization source, stratum level, and expiration time.

Proposal 3: We propose slot-based structure PD2DSCH with two RSs to demodulate. For RS sequences, it is reasonable to reuse PUSCH DMRS to the maximum extent.
4. Conclusion
In this contribution, we suggest some design principals on D2DSS and PD2DSCH. Our proposals are as follows:

Proposal 1: D2DSS consists of N repeated PD2DSSs within a subframe. SD2DSS is not defined but DM RS of PD2DSCH is used instead. 

Proposal 2: PD2DSCH contains information such as D2D system bandwidth, D2D subframe pattern, SA resource pool, type of synchronization source, stratum level, and expiration time.

Proposal 3: We propose slot-based structure PD2DSCH with two RSs to demodulate. For RS sequences, it is reasonable to reuse PUSCH DMRS to the maximum extent.
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