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1 Introduction
In RAN1#74bis meeting, working assumptions on D2D synchronization are agreed [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
In this contribution, further detailed design of D2DSS was given.
2 Discussion
2.1 Performance requirements
Similar to traditional cellular communication, the D2DSS may be used by D2D UEs at least to derive time/frequency. The derived time/frequency could be used for
· Coarse synchronization, i.e. identifying the boundaries of discovery and communication frame/subframes/symbol;
· Fine synchronization, e.g., decoding corresponding PD2DSCH, if any; 
· Fine synchronization, e.g., decoding and transmitting discovery/control/traffic signals. 
Coarse synchronization is the minimum purpose of the D2DSS. Fine synchronization or tracking time/frequency may be achieved by DMRS or some other reference signals. Because different requirements on synchronization accuracy change the design of the D2DSS, the first goal is to define the purpose of D2DSS.
PD2DSS, similar to PSS, is a signal to achieve coarse synchronization. Using PD2DSS, it is possible to ensure that the timing error does not exceed CP, and frequency inaccuracy is reduced to a fraction of subcarrier spacing. SD2DSS, similar with SSS, could be used for carrying the identity and/or type of the synchronization source and offer radio frame synchronization. 
Proposal

· Both coarse and fine synchronization should be achieved by D2DSS.
· D2DSS should comprise both PD2DSS and SD2DSS 
2.2 Design principle

The D2DSS sent by D2D UEs should not be misinterpreted by legacy UEs as traditional DL synchronization signals. Otherwise, legacy UEs may recognize the D2D UE which sends D2DSS as an eNB and get a wrong synchronization, especially in a TDD system. Meanwhile, traditional DL synchronization signals and traditional UL signals, such as UL DMRS, should not be misinterpreted by D2DUEs as D2DSS. So D2DSS, at least PD2DSS, should use a different sequence from the sequences used in cellular communication, where the sequences could use different length or different root index.
Assuming that PD2DSS could offer similar synchronization accuracy with PSS, 72 subcarriers are needed for transmitting PD2DSS. This needs to be verified with RAN4. With this assumption, one option is to keep the length-62 PSS sequences and use new root indices, another option is to use a length-61 ZC sequence for PD2DSS. length-61 ZC sequence could achieve the following benefit:

· It is different from length-63 ZC sequence used by PSS and different from length-71 ZC sequence used by UL DMRS with 6PRBs. So the cross correlation between length-61 ZC sequence and existing ZC sequence is typically low.

· 61 is a prime number, so there are 60 candidate root indices, which could carry information.

· 61 is the largest prime number smaller than 64, so sampling rate could be 0.96 MHz. If the length of ZC sequence is larger than 64, such as 67, sampling rate will be 1.92 MHz [2].

According to working assumption in RAN1#74bis meeting [1], SC-FDMA is applicable to all data-carrying physical channels for the sake of further study. However, the baseband signal used by D2DSS should be FFS. PD2DSS could be generated by SC-FDMA baseband signal defined in section 5.6 of 36.211 [4]. Alternatively, PD2DSS could also be generated by OFDM baseband signal defined in section 6.12 of 36.211 [4]. We will discuss these two aspects respectively, using 61-length ZC sequence as assumption.

Option 1: PD2DSS is generated by SC-FDMA baseband signal
The sequence 
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[image: image2.wmf]60

,...,

1

,

0

)

(

61

)

1

(

=

=

+

-

n

e

n

d

n

un

j

u

p


The sequence 
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 would be mapped to the central 61 resource elements of 72 predefined REs. Assuming that the 72 REs are predefined as central 72 REs in l-th symbol, the sequence 
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Resource elements 
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are reserved and not used for transmission of the PD2DSS.

It should be emphasized that it is not necessary to do transform precoding, i.e. FFT, before generating baseband signal.
Option 2: PD2DSS is generated by OFDM baseband signal
The sequence 
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Assuming that the 72 REs are predefined as central 72 REs in l-th symbol, the sequence 
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Resource elements 
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are reserved and not used for transmission of the PD2DSS.
It should be emphasized that the reserved REs could be used as guard band for avoiding interference from/to SC-FDMA signals on adjacent PRBs, where the SC-FDMA signals may be transmitted by another UE.

In option 2, 
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 will be centrally symmetric around the DC, what is sufficient and necessary condition that the PD2DSS in time domain is centrally symmetric [3]. However in option 1, PD2DSS in time domain is not centrally symmetric. As a result, the central symmetric PD2DSS in option 2 can be used to reduce about 50% multiplications in the corresponding matched filter comparing with PD2DSS in option 1. So option 2 is more attractive. However, a third option may also be considered to provide a centrally symmetric signal while being generated by SC-FDMA baseband signal defined in section 5.6 in 36.211 [4], which is contained below, where the existing PSS sequence is utilized. Other sequences, such as a length-60 sequence may also be possible. 

Option 3: A centrally symmetric PD2DSS is generated by SC-FDMA baseband signal
The sequence 
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Assuming that the 72 REs are predefined as central 72 REs in l-th symbol, the length-62 sequence 
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are reserved and not used for transmission of the PD2DSS.

Proposal
· 72 subcarriers are needed for transmitting PD2DSS. 
· PD2DSS is a ZC sequence, where the ZC sequence should be different from legacy ZC sequence.
As discussed is section 2.1, SD2DSS could be used for fine synchronization. In this case, the bandwidth or number of symbols used by SD2DSCH may need to be extended. Bandwidth extension could offer more accurate time synchronization, and more symbols could offer more accurate frequency synchronization. Compared to bandwidth extension, we prefer use more symbols to carry SD2DSS. This is because that, if SD2DSS uses the same bandwidth as PD2DSS, the UE could detect SD2DSS with the help of PD2DSS. However, this also needs to be verified with RAN4. 
Proposal
· 72 subcarriers and more than one symbol are preferred for transmitting SD2DSS. 
· It is FFS whether more than 72 subcarriers are needed by SD2DSS.

A general D2DSS pattern is shown in Figure 1. If SC-FDMA is applicable to all data-carrying physical channels, it is not expected that D2DSS could be multiplexed with data-carrying physical channel in frequency domain from individual UE perspective and D2DSS symbols need to be blanked, as illustrated in the figure. In this pattern, D2DSS will be transmitted in a periodic manner, where Mp and Ms are, respectively, the PD2DSS and SD2DSS sequence lengths in the frequency domain, Np and Ns are, respectively, the PD2DSS and SD2DSS sequence lengths in the time domain, P is the D2DSS period, and D is the D2DSS duration. Mp, Np, Ms, Ns, P, D should be FFS taking into account performance requirements. With this pattern, synchronization could be achieved within one burst, which results a small latency. On the other hand, a larger period could help to reduce overhead of D2DSS. We should note that the preferred value in this pattern may be different for PD2DSS and SD2DSS.
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Figure 1. D2DSS pattern
Proposal

· D2DSS could be transmitted in a bursty and periodic manner.
3 Conclusions
This paper discussed the D2DSS design. We propose that:
· Both coarse and fine synchronization should be achieved by D2DSS.
· D2DSS should comprise both PD2DSS and SD2DSS 
· 72 subcarriers are needed for transmitting PD2DSS. 
· PD2DSS is a ZC sequence, where the ZC sequence should be different from legacy ZC sequence.
· 72 subcarriers and more than one symbol are preferred for transmitting SD2DSS. 
· It is FFS whether more than 72 subcarriers are needed by SD2DSS.

· D2DSS could be transmitted in a bursty and periodic manner.
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