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1. Introduction

In RAN1#74-bis meeting, following working assumption on D2D synchronization signal design was discussed and captured in [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). 

In the RAN #63 meeting, the new work item ' LTE Device to Device Proximity Services' was approved [2]. According to objectives of this work item, following issues related to D2DSS and PD2DSCH (if supported) should be specified.

- Define physical signals and channels and related UE behaviors for D2D discovery and broadcast communication [RAN1]

▪ Specify synchronization signal (D2DSS) and, if supported, synchronization channel (PD2DSCH)
▪ Specify modifications, if any, of PUSCH for D2D discovery and broadcast communication (data and scheduling assignments)

▪ Specify control needed for physical layer signal transmission/reception for broadcast communication

In this contribution, we will discuss detail considerations on D2D synchronization signal design based on above working assumption.
2. D2D synchronization signal design
Considerable information carried by D2D synchronization signal 
    D2DSS(D2D synchronization signal) can be designed based on Zadoff-Chu sequence (for PD2DSS) and/or m-sequence (for SD2DSS) according to above working assumption. It means that the size of information carried by D2DSS depends on total number of discriminated sequence combinations in PD2DSS and/or SD2DSS. 
    There are 504 discriminated sequence combinations in Rel-8 PSS/SSS which can be D2DSS from an eNodeB. Total number of discriminated sequence combinations in D2DSS could be different between D2DSS from eNodeB and D2DSS from synchronization source other than eNodeB. For example, PD2DSS and/or SD2DSS can be transmitted based on more discriminated sequence combinations by different sequence length (which is a prime number) in PD2DSS  and/or by using all or more sequence combinations from two interleaved length 31 m-sequence in SD2DSS. However, with considering implementation margin and minimum specification impacts by reusing Rel-8 PSS/SSS design as much as possible, total number of discriminated sequence combinations in D2DSS could be 504 for both D2DSS from eNodeB and D2DSS from synchronization source other than eNodeB. 
    The discriminated sequence combinations in D2DSS can be used to indicate PSSID(Physical Synchronization Source Identity). It mean that the identity of synchronization source could be indicated  by D2DSS, and total number of PSSID other than PCID could be also 504. PCID (in the case of synchronization source is an eNodeB) carried by 504 discriminated sequence combinations in PD2DSS/SD2DSS which is Rel-8 PSS/SSS, PSSID other than PCID (in the case of synchronization source is not an eNodeB, e.g. from UE(ProSe) ID) carried by 504 discriminated sequence combinations in PD2DSS/SD2DSS which reuse Rel-8 PSS/SSS design as much as possible.
    Furthermore, the type of synchronization source could be implicitly indicated by D2DSS. There are two cases for the type of synchronization source (eNodeB or synchronization source other than eNodeB (e.g. D2D UE outside network coverage)) if no relaying is applied.

    Detail design of D2DSS between from eNodeB and synchronization source other than eNodeB could be different to implicitly indicate the type of synchronization source, e.g. D2DSS (especially PD2DSS) from synchronization source other than eNodeB could has different root indexes or PD2DSS/SD2DSS in D2DSS have different relative position from Rel-8 PSS/SSS while D2DSS from eNodeB is the same to Rel-8 PSS/SSS.

Proposal 1
The identity of synchronization source and the type of synchronization source should be indicated by D2DSS.

- The discriminated sequence combinations in D2DSS could be used to indicate PSSID. 
- The type of synchronization source could be implicitly indicated by D2DSS.
PD2DSS design
    There are some problems by the exactly same shape of sequence between PD2DSS and Rel-8 PSS. For example, legacy UEs always recognize synchronization source as an eNodeB even though it is not an eNodeB (e.g. D2D UE outside network coverage) and obtain wrong synchronization. Furthermore, D2D UEs could not be identified whether the detected PD2DSS is transmitted from an eNodeB or from synchronization source other than an eNodeB (e.g. D2D UE outside network coverage). 
    In FDD, PD2DSS from an eNodeB will be transmitted on DL carrier frequency while the PD2DSS from synchronization source other than an eNodeB will be transmitted with UL carrier frequency. However, some solutions to distinguish PD2DSS from eNodeB (which is Rel-8 PSS) and PD2DSS from synchronization source other than an eNodeB are need to solve above problems in TDD.
    The most straightforward way is to use different root indexes between PD2DSS from eNodeB and PD2DSS from synchronization source other than an eNodeB. PD2DSS from eNodeB which is Rel-8 PSS uses one of current 3 root indexes (i.e. 25, 29, 34) while PD2DSS from synchronization source other than an eNodeB (e.g. D2D UE outside network coverage) uses additionally specified root index. 
    The other way is to use different relative positions between PD2DSS and SD2DSS. PD2DSS from eNodeB uses current relative positions between PSS and SSS while PD2DSS from synchronization source other than an eNodeB uses additionally specified relative positions. This modification could severely affected by resource allocation for synchronization signals and channels, could need more changes from current things.
    Other than above two methods, PD2DSS sequences having different sequence length could be applied between PD2DSS from eNodeB and PD2DSS from synchronization source other than an eNodeB. However, orthogonality between two partially overlapped sequences having different sequence could not be guaranteed (e.g. two partially overlapped UL DM-RS sequences for two UEs having different allocated bandwidth), and could give some interference to each other (e.g. D2D UE in partial coverage network which can receive D2DSS both from eNodeB and from synchronization source other than an eNodeB).

Proposal 2 
PD2DSS should be distinguished between PD2DSS from eNodeB (which is Rel-8 PSS) and PD2DSS from synchronization source other than an eNodeB (e.g. D2D UE outside network coverage).
SD2DSS design
    The waveform could be the same to current SSS.

Multiple Access Scheme for D2DSS

    There are two multiple access scheme for D2DSS. One is the same to current Rel-8 PSS/SSS. It is based on OFDM signal waveform. An un-modulated DC subcarrier is applied and no subcarrier shift is used. The length 62 sequence from the length 63 Zadoff-Chu sequence with puncturing for 1 DC subcarrier is mapped to length 62 subcarriers. Remain 10 subcarriers are reserved and not used. An example of sequence generation based on OFDM signal waveform for PD2DSS as below. 
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    The other is based on SC-FDMA signal waveform (but without DFT precoder). A DC subcarrier is not applied but a ½ subcarrier shift is used. The length 63 sequence from the length 63 Zadoff-Chu sequence without puncturing is mapped to length 63 subcarriers. Remain 9 subcarriers are reserved and not used. An example of sequence generation based on SC-FDMA signal waveform for PD2DSS as below. 
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    By D2DSS based on SC-FDMA signal waveform, the same multiple access scheme is used for all D2D operations. On the other hand, with considerations on higher CM(Cubic Metric)/PAPR(Peak to Average Power Ration) issue, D2DSS based on OFDM signal waveform could be slightly preferred between two multiple access schemes for D2DSS.
Proposal 3

The D2DSS may be generated based on OFDM signal  waveform or SC-FDMA signal waveform (but without DFT precoder). D2DSS based on OFDM signal  waveform could be slightly preferred with consideration of CM/PAPR issue.
4. Conclusion
In this contribution, we discussed considerations on D2D synchronization signal design on and provided some details with following our proposal:
Proposal 1
The identity of synchronization source and the type of synchronization source should be indicated by D2DSS.

- The discriminated sequence combinations in D2DSS could be used to indicate PSSID. 
- The type of synchronization source could be implicitly indicated by D2DSS.
Proposal 2 
PD2DSS should be distinguished between PD2DSS from eNodeB (which is Rel-8 PSS) and PD2DSS from synchronization source other than an eNodeB (e.g. D2D UE outside network coverage).
Proposal 3

The D2DSS may be generated based on OFDM signal  waveform or SC-FDMA signal waveform (but without DFT precoder). D2DSS based on OFDM signal  waveform could be slightly preferred with consideration of CM/PAPR issue.
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