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1. Introduction
In TR 36.843, working assumptions of synchronization signal design are listed as follows:
Working assumption: D2D Synchronization Sources transmits a D2DSS that:

· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS) 

· PD2DSS is a Zadoff Chu sequence

· Length FFS

· May also comprise of a Secondary D2D Synchronization Signal (SD2DSS)

· SD2DSS is a M sequence

· Length FFS
Working assumption: The concept of Physical D2D Synchronization Channel (PD2DSCH) transmitted by a D2D Synchronization Source should be further discussed. This is not implying that such a channel will be defined. 
The channel may carry information including: 

· Identity of Synchronization Source

· Type of Synchronization Source

· Resource allocation for data and/or control signaling

· Data

· Others (FFS)
This contribution addresses the remaining issues in D2DSS and PD2DSCH designs. 
2 D2DSS Design
D2D UE can derive the time and frequency information via D2DSS detection. The current working assumption indicates that D2DSS comprises of at least PD2DSS, however the necessity of SD2DSS is FFS. In the section, we discuss some design details of PD2DSS and/or SD2DSS.

2.1 PD2DSS Design

2.1.1 Resource Allocation of PD2DSS
The role of PD2DSS is similar to PSS in LTE. In order to reduce the complexity for UE to detect primary synchronization signal and to reduce UE implementation impact, it is advantageous to reuse the structure of LTE PSS. As shown in Fig.1, we think that it is more reasonable to restrict PD2DSS in the middle M RBs in the transmission band. The preferred value of M is 6, however other values are not ruled out. Furthermore, in order to ensure the detection performance, PD2DSS should be repeated in more than one symbol.  The symbol position and number occupied by PD2DSS is FFS. Considering potential confusion of PD2DSS and LTE PSS in TDD system, PD2DSS should reside in those symbols that are not occupied by LTE PSS. 
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Fig.1 Resource allocation of PD2DSS
Proposal 1: in frequency domain，PD2DSS is restricted M RB in the middle of the transmission band. Preferred value of M is 6；in time domain，PD2DSS can occupy one or multiple symbols, FFS for the exact symbol location and number of symbols. 
2.1.2 Sequence Design of PD2DSS

In Rel-8, PSS/SSS sequence is based on OFDMA, and it is generated from a frequency-domain Zadoff-Chu sequence according to
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The above sequence is equivalent to puncture the middle element (i.e. n=31 is the DC submariner) of the sequence 
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。). After puncturing the DC subcarrier, the sequence length of PSS is 62, mapped to 62 REs, and it has center symmetry properties, as shown in Fig.2. If Rel-8 PSS format is used, a D2D UE can reuse the synchronization implementation for cellular UE and minimize the re-development cost. 
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Fig.2 PSS sequence generating method in LTE
However, D2D communication is SC-FMDA by default, and the uplink carrier in LTE does not have DC subcarrier. If D2D UE still punches DC subcarrier when transmitting PD2DSS, the single carrier property would be violated. So we propose no puncturing of RE when PD2DSS sequence is mapped to REs. In Fig.3, the sequence 
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 is used for PD2DSS, in which 
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 is the length of sequence, for example
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Fig.3 PD2DSS sequence generation, an example
Proposal 2: When PD2DSS sequence is mapped to REs, no puncturing of RE. 
In the working assumption, “PD2DSS is a ZC sequence, Length FFS”. In LTE, ZC sequences are used in DMRS for PUSCH detection and in SRS for uplink measurement. Furthermore, PD2DSS is transmitted on UL spectrum, so certain interference may exist between PD2DSS and DMRS/SRS. For example, UE1 transmits a PD2DSS sequence with the length of N in frequency position 1; UE2 transmits a DMRS/SRS sequence with the length of M in frequency position 2. When frequency position 1 and frequency position 2 overlap, the interference between DMRS/SRS and PD2DSS would be significant, leading to the reduced accuracy of the time/frequency synchronization and channel estimation. So it is important that the correlation between PD2DSS and LTE DMRS/SRS sequence should be kept as low as possible. In TDD system, PD2DSS may interfere with PSS from eNB. Therefore, the correlation between PD2DSS and LTE PSS should also be kept as low as possible. Possible solutions include: 1) PD2DSS uses different root sequence from that of PSS；2) PD2DSS uses the different length of sequence from that of PSS；3) PD2DSS and PSS are in different symbols.
Proposal 3: The correlation between D2DSS and LTE DMRS, between SRS and PSS should be kept as low as possible, and the detailed solution is FFS.
2.2 SD2DSS Design

2.2.1 Necessity of SD2DSS

In LTE, UE can derive the physical-layer ID of eNB depend on PSS and SSS and finer synchronization with SSS, so the role of SD2DSS is similar to LTE SSS. For D2D communication, UE may need priority information of synchronization signals, so that UE can selectively receive the D2DSS. As very limited information can be carried in PD2DSS, SD2DSS allows more signalling to be embedded. In addition, SD2DSS can be used to improve the frequency offset estimation after the UE acquires the time synchronization with PD2DSS. 
Proposal 4: SD2DSS is needed.
2.2.2 Resource allocation of SD2DSS
Similar to LTE, SD2DSS can be restricted to the same frequency position as PD2DSS, i.e. the middle M RBs and the preferred value is 6. In the time domain, SD2DSS can occupy one or more symbols, the position of symbols are FFS. Furthermore, as shown in Fig. 4, the relative position between PD2DSS and SD2DSS can be used to implicitly indicate the synchronization source prioritization and such relationship could be preconfigured. In addition, considering potential confusion of PD2DSS and LTE PSS in TDD system, the relative position between PD2DSS and SD2DSS are not the same position as in LTE.
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Fig.4 Resource allocation of SD2DSS
Proposal 4: in frequency domain, SD2DSS locates at the same frequency position as PD2DSS. In time domain，SD2DSS can occupy one or multiple symbols, detailed position and the number of symbols are FFS. The relative position between PD2DSS and SD2DSS can be used to imply the priority of synchronization signals.
3 PD2DSCH design
As seen from working assumption listed in Section 1, PD2DSCH plays the similar role as PBCH in LTE. As D2DSS is sequence based, it can carry only very small amount of information. In this sense, PD2DSCH can be used for carrying relatively large broadcast information for D2D transmission.
The D2D receiver would first detect D2DSS for time and frequency synchronization, and then it would decode PD2DSCH. In the case that several synchronization resources are configured in the D2D transmission band, the resource allocation of PD2DSCH can have several choices.
A simple scheme is to transmit PD2DSCH and D2DSS in the same subframe, with one D2DSS corresponding to one PD2DSCH. The frequency position of PD2DSCH is the same as D2DSS, as shown in Fig.5. The time domain position of the PD2DSCH is semi-configured by network. PD2DSCH can be put after or before the symbols occupied by D2DSS, or PD2DSCH can occupy the remainder symbols except the symbols occupied by GP, DMRS and D2DSS. DMRS can be used for PD2DSCH demodulation. Such as in Fig.5 (a), (b) and (c), the number of symbols of the PD2DSCH is 4, 5 and 9 respectively.
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Fig. 5 Resource allocation of PD2DSCH (scheme 1)
Considering UE’s power consumption, the periodicity of PD2DSCH should be much longer than the periodicity of D2DSS; the value is FFS, as shown in Fig.6.
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Fig.6. the periodicity of D2DSS and PD2DSCH
Alternatively, the frequency position of PD2DSCH can be implicitly indicated by D2DSS. As illustrated in Fig.7, one D2DSS is located in the middle M RBs of D2D transmission band, which can be mapped to several PD2DSCH. Since D2DSS is sequence based, the RB indices occupied by PD2DSCH can be indicated by the different D2DSS sequences. For example, PD2DSS can use three different sequences which can indicate the number of RB occupied by PD2DSCH; SD2DSS can use 168 different sequences which can indicate the start point of the RB indices occupied by PD2DSCH. In addition, the time domain position of the PD2DSCH is semi-configured by network. So after receiving D2DSS, the D2D receiver would know where to look for PD2DSCH.
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Fig.7. Resource allocation of PD2DSCH (scheme 2)
Proposal 5: The frequency position of PD2DSCH is the same as D2DSS or it is implicitly indicated by D2DSS. The time domain position of the PD2DSCH is semi-configured by network. 
4 Conclusion
Our suggestions are as follows:
Proposal 1: in frequency domain，PD2DSS is restricted M RB in the middle of the transmission band. Preferred value of M is 6；in time domain，PD2DSS can occupy one or multiple symbols, FFS for the exact symbol location and number of symbols. 
Proposal 2: When PD2DSS sequence is mapped to REs, no puncturing of RE.
Proposal 3: The correlation between D2DSS and LTE DMRS, between SRS and PSS should be kept as low as possible, and the detailed solution is FFS.
Proposal 4: SD2DSS is needed.
Proposal 5: The frequency position of PD2DSCH is the same as D2DSS or it is implicitly indicated by D2DSS. The time domain position of the PD2DSCH is semi-configured by network.
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