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1
Introduction
This paper focuses on the synchronization signal design for D2D communication and discovery，which has been discussed over the past RAN1 meetings. The working assumption included in the latest TR36.843 [1] is D2D synchronization source transmits D2D synchronization signal.
Clearly there are open issues considering for example information carried by D2DSS (or PD2DSCH if defined) and the design of D2DSS signal, as indicated in the following working assumption: 

 “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
In RAN1 #77, following working assumptions were made for D2D synchronization signal design:
Working Assumption:

· A synchronization resource contains 

· In a sub-frame:

· FFS whether 1 or 2 symbols are PD2DSS

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices 

· FFS whether 1 or 2 symbols are SD2DSS

· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS

· Exact symbol locations are FFS

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency – FFS if root indices are same or different than  Rel-8 PSS root indices (note that if OFDM and Rel-8 PSS root indices, then the waveform would be the same as Rel-8 PSS)

· FFS: if PD2DSS is OFDM or SC-FDM without DFT pre-coding

· FFS if SD2DSS is OFDM or SC-FDM 

· If SD2SS is SC-FDM, FFS if it is DFT pre-coded 

In RAN1 #77, the following agreements were reached:
Agreements:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number
· D2D frame number is a frame number used for D2D communication
· FFS: Detailed of D2D frame number
· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number
· SD2DSS is specified
· If D2D transmitter is in-coverage, D2D frame number is derived from SFN
In this contribution, we elaborate on a number of D2DSS details, including its information content, signal design.
2
Discussion of D2DSS design
2.1
Information carried by D2DSS
Based on the detected D2DSS, a D2D UE should be able to derive time/frequency information from which the UE can identify the frame/subframe/symbol boundaries and also decode the necessary information if any [1]. So far there is no agreement on what kind of information should be carried by D2DSS. D2DSS containing much more information causes the reduction of detection performance and increase of the receiver complexity. Thus the D2DSS should only include essential information, similar to what applies for the Primary Synchronization Signal (PSS) and the Secondary Synchronization Signal (SSS). 

As agreed in RAN1#77 meeting [2], different types of synchronization sources have different priorities. To be more specific, the priority order is: eNB -> in-coverage UEs -> out-of-coverage UEs. A receiving D2D UE is expected to select the suitable synchronization source according to the priority order if more than one synchronization sources can be detected. This implies that the information on the type of synchronization sources needs to be conveyed to the receiving UE in some form. 
A simple and straightforward way to convey this information is to allocate different D2DSS sequences to synchronization sources with different priorities. Rel-8 PSS/SSS transmitted by eNB can be used for in-coverage D2D synchronization as agreed in RAN1. D2DSS which is transmitted by D2D UEs is different from PSS/SSS. In this way, the receiving UE can derive the information about type of synchronization source and identity of synchronization source very easily, i.e. just based on the detected sequences without decoding any other message or control channels. 
Besides, the receiving UE should know what duplex mode (TDD or FDD) the transmitting UE works on so that it can proceed successfully.
Proposal 1: The type of synchronization source information, the identity of synchronization source and the duplex mode should be conveyed by D2DSS.
2.2
Synchronization signal design
Based on the discussion in Section 2.1, it is necessary for D2DSS to carry certain information (e.g. type of synchronization source etc.) to facilitate D2D synchronization process and differentiate the synchronization sources. As agreed in RAN1#77 meeting [2], D2DSS is composed of both PD2DSS and SD2DSS. Based on the agreed working assumption, PD2DSS is a Zadoff-Chu sequence and if present, SD2DSS is an M sequence, which are similar to the LTE PSS and SSS respectively. 
Synchronization source which transmits D2DSS is either eNB or UE. When the synchronization source is eNB, agreement is achieved in [1] that D2DSS shall reuse the R8-PSS/SSS. Based on the discussion in Section 2.1, The D2DSS structure should be designed effectively to make the receiver UE know the type of synchronization source etc. If the synchronization source is UE, 2 symbols PD2DSS and 2 symbols SD2DSS can also further ensure the stability of detection of D2DSS. From above we propose:
Proposal 2: D2DSS transmitted by eNB are composed of 1 symbol PD2DSS and 1 symbol SD2DSS in a subframe which is the same as LTE.
Proposal 3: D2DSS transmitted by UE are composed of 2 symbol PD2DSS and 2 symbol SD2DSS in a subframe.
The working assumption is that the D2DSS occupies the 6 central RBs in the subframe, while the symbol location of D2DSS is FFS. In order to be compatible with LTE and differentiate TDD from FDD we propose:
Proposal 4: the symbol location of D2DSS transmitted by eNB is the same to LTE R8.
Proposal 5: D2DSS (PD2DSS and SD2DSS) transmitted by UE is located equidistantly with a separation of at least 2 OFDM symbols, and the relative location of PD2DSS and SD2DSS is different for TDD/FDD.
3
Conclusion

In this contribution, firstly we discussed about the necessary information need to be carried by D2DSS, then we discussed the D2DSS design in detail. Based on the discussion, we have the following proposals:
Proposal 1: The type of synchronization source information, the identity of synchronization source and the duplex mode should be conveyed by D2DSS.
Proposal 2: D2DSS transmitted by eNB are composed of 1 symbol PD2DSS and 1 symbol SD2DSS in a subframe which is the same as LTE.
Proposal 3: D2DSS transmitted by UE are composed of 2 symbol PD2DSS and 2 symbol SD2DSS in a subframe.
Proposal 4: the symbol location of D2DSS transmitted by eNB is the same to LTE R8.
Proposal 5: D2DSS (PD2DSS and SD2DSS) transmitted by UE is located equidistantly with a separation of at least 2 OFDM symbols, and the relative location of PD2DSS and SD2DSS is different for TDD/FDD.
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