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1 Introduction
In the RAN1#74bis meeting, the following working assumptions on D2D synchronization were 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
· 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 this contribution, further discussion on detailed design of D2DSS is given.
2 Information carried by D2DSS/PD2DSCH
As shown in the working assumptions, one or more information entities may be carried by D2DSS and/or PD2DSCH. In the following, we will discuss some of the FFS points above with regards to information to be contained in the D2DSS/PD2DSCH.

Identity of synchronization source
Similar to PCID in cellular communication, a PSSID (Physical Synchronization Source IDentity) could be used for randomizing signals and interference. For example, PSSID could be used for scrambling of physical data channels, generation of reference signals, and so on. The number of PSSIDs is very important for D2DSS/PD2DSCH design and has to be sufficiently large such that the D2D UE could uniquely detect a proper amount of synchronization sources. On the other hand, a small number of PSSID results in better detection performance, which may translate into lower power consumption and lower complexity for the SS searcher. If a large number of PSSID is needed, PSSID could be divided into two parts, where one part is carried by D2DSS, and another part is carried by PD2DSCH. 
Considering the current PSS/SSS encodes up to 504 PCIDs, it is straightforward that D2DSS also could convey 504 states at least by reusing the same signal design. According the evaluations in [2], it is observed that the maximum number of synchronization sources a D2D UE is able to find is around 60. It means that the maximum number of interfering synchronization sources is around 60, so around 60 PSSIDs are needed for randomizing interference. Considering implementation margin and the ability to reuse much of the existing synchronization signal design, we suggest that the number of PSSID should be no larger than 504, e.g., it could be around 100. As a result, 504 states of D2DSS should be enough to convey PSSID and there is no need for carrying any part of PSSID in a PD2DSCH. 
Proposal 1. The number of PSSID should be no larger than 504, e.g., it could be around 100.

Type of synchronization source
As discussed in a companion contribution [3], there is discrepancy among different types of synchronization sources, including eNodeB, synchronization source relaying eNodeB, independent synchronization source out coverage and synchronization source relaying another synchronization source. A D2D UE is expected to achieve synchronization according to a synchronization source with higher precision. Furthermore, in order to prevent the accumulation of inaccuracies, a synchronization signal of too low a precision is not supposed to be relayed. Hence every synchronization signal should carry some information about its precision level such that synchronization signals of different precision levels could be differentiated by the D2D UE, where the precision level of a synchronization signal could be described by the type of synchronization source. 
It is expected that a D2D UE would be able to identify whether a synchronization source is an eNodeB by the PSS/SSS, if D2DSS is different from PSS/SSS. Therefore, if the number of hops is fixed to be 1, only 3 synchronization source types, i.e. synchronization source relaying eNodeB, independent synchronization source out coverage and synchronization source relaying another synchronization source, need to be conveyed by D2DSS/PD2DSCH. 
Proposal 2. The synchronization source type should be conveyed by D2DSS/PD2DSCH. 
Resource allocation for data and/or control signalling

If the synchronization source is an eNodeB, the resources for data and/or control signaling could be configured by RRC signaling. The resources for transmission and reception could be configured separately, and SIB signaling is preferred to define the resources for reception, considering some receiving UE may be in idle state.
For out-of-coverage scenario, the resources for data and/or control signaling could be predefined.
For partial coverage scenario, the resources for data and/or control signaling could be configured by a synchronization source relaying eNodeB. However, there is no need to configure resources during synchronization signal acquisition, and the resources could be configured by some other means, e.g., SIB signaling.

Proposal 3. Resource allocation for data and/or control signaling is not carried by D2DSS/PD2DSCH. 
System bandwidth

There are currently 6 specified bandwidths of carriers in the LTE system and the D2D UE would need to know the carrier bandwidth prior to start decoding of (E)PDCCH. If the synchronization source is an eNodeB, the bandwidth could be signaled by PBCH. For out-of-coverage scenario and partial coverage scenario, the bandwidth could be predefined or be determined by D2DSS/PD2DSCH. If the D2DSS/PD2DSCH are only located in the 6 central PRBs, it would not be necessary to know the system bandwidth prior to receiving the D2DSS/PD2DSCH.
System frame number

If the synchronization source is an eNodeB, SFN information could be signaled by PBCH. For out-of-coverage scenario and partial coverage scenario, SFN information could be signaled by D2DSS/PD2DSCH. The number of states for the SFN is equivalent to 210=1024, but the number of states representing the SFN information carried by D2DSS/PD2DSCH could be reduced to 
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, where P is the repetition period of D2DSS/PD2DSCH. As proposed in [4], periodicity of a PD2DSCH could be 2.56 s, which means P=256. In this case, the number of states representing the SFN information carried by D2DSS/PD2DSCH could be 4. 
According to above discussion, the amount of information carried by D2DSS/PD2DSCH has a large range. If this number is quite small, PD2DSCH is not needed. A reasonable amount of information which could be carried by D2DSS/PD2DSCH is listed as follows:

· Number of states for synchronization source identities: 100, which is related to the maximum number of synchronization sources found by a D2D UE
· Number of states for synchronization source types: 3, assuming that the number of hops is fixed to be 1
· Number of states for system bandwidths: 1, for predefined
· Number of states for system frame number: 4, assuming P=256 
Taking into account above assumptions, the amount of information is 100*3*4 =1200 states. The existing SSS could encode up to 31*31=961 unique information states, the existing PSS could encode 3 unique information states at least. Therefore, it is possible that above 1200 states are jointly encoded and conveyed by D2DSS. Another solution is that above 1200 states are jointly encoded, and divided in to two parts, where one part could be conveyed by utilizing different numbers or positions of D2DSS OFDM symbols [3], and another part could be conveyed by D2DSS sequence.
Proposal 4.
· Limit the amount of information which could be carried by D2DSS/PD2DSCH.
· Synchronization source identities and synchronization source types could be conveyed by D2DSS if the amount of information is not large.
3 Discussion on D2DSS
3.1 Objectives for D2DSS design

There were two key aspects that governed the design of the PSS/SSS in Rel-8, which largely also should be prioritized for a D2DSS:

· Detection performance

· Receiver complexity

Detection performance depends on the amount of resources allocated to the synchronization signal, as well as the characteristics of the signals, e.g., cross-correlations. There were significant amount of evaluations in RAN1 of the PSS/SSS, both with small and large frequency offsets. If the assumptions are not significantly different, we would expect that the same, or similar, synchronization signal design would apply to D2D.

Receiver complexity depends on the ability to utilize certain signal properties to mainly reduce the number of complex-valued multiplications in the receiver. The PSS has a time-domain symmetry which allows for reducing the number of multiplications in the detector by ~50%. Furthermore, two root indices are chosen such that the resulting signals are a complex-conjugated pair, which makes it possible to detect two PSSs with the same complexity as detecting one PSS [5]. The SSS is based on m-sequences, for which Fast Hadamard Transforms could be used in the detector. The cell searcher contributes to 10-15% of the total baseband cost of the LTE modem [6]. Therefore, it is crucial that a D2DSS will support low-complex receiver implementations and that as much as possible from the existing PSS/SSS detector implementations could be reused. 
3.2 Multiple Access Scheme for D2DSS

According to the working assumption in the 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 is not determined. SC-FDMA is DFT-precoded OFDM but since the D2DSS would not be DFT-precoded, the difference of SC-FDMA and OFDM in this case, only relates to the arrangement of the subcarriers. SC-FDMA is not applying a DC subcarrier but is using a ½ subcarrier shift. OFDM is applying an un-modulated DC subcarrier and is not using any subcarrier shift.
An advantage of using an OFDM signal is that exactly the same signal design could be used for the D2DSS as for the PSS/SSS, which is expected to keep the receiver complexity low. However, since the D2D UE would use UL resources for other channels, i.e., SC-FDMA transmission, it would require switching subcarrier location (by a ½ subcarrier) among OFDM symbols. It may also be more complex to use FDM of the D2DSS (using OFDM) and other channels/users (using SC-FDMA) in the same OFDM symbol, since the subcarrier locations would be offset by a ½ subcarrier.

The advantage of using SC-FDMA is that the same access method can be applied to all D2D transmissions. In Sec. 3.3, we show that it is still possible to generate PD2DSS with SC-FDMA while assuring that it exhibits signal symmetry allowing for low-complex receiver, just as for the PSS/SSS. Therefore, SC-FDMA (without DFT precoder) is also one option.  

Proposal 5. The D2DSS may be generated as one of
· OFDM signal, or

· SC-FDMA signal without DFT precoder.

3.3 PD2DSS Design 
The D2DSS sent by D2D UEs should not be misinterpreted by legacy UEs as a PSS. Otherwise, legacy UEs may recognize the D2D UE which sends D2DSS as an eNodeB and obtain wrong synchronization, especially in a TDD system. Meanwhile, existing DL synchronization signals and UL signals, such as UL DMRS, should not be misinterpreted by D2D UEs as D2DSS. 
There are various ways to prevent D2D UEs from misinterpreting a D2DSS. We note that a similar issue was discussed at length in the NCT WI, in order to transmit PSS/SSS while preventing legacy UEs from accessing an NCT. The solutions included higher-layer signaling as well as using new time-frequency resources for PSS/SSS [7], [8]. Whether the issue is severe for D2D should be part of the evaluation as it depends on the chosen multiple access method for D2DSS, the sequences and the time-frequency location. 
Proposal 6. Higher-layer signalling solutions or specific D2DSS signal design may be used in order to differentiate D2DSS and PSS/SSS, if needed.
3.3.1 Synchronization signal sequence

With regards to particular signal design, the D2DSS, or at least the PD2DSS, could use a different sequence from the PSS/SSS sequences. However, investigations on sequences can only occur once it is agreed on how much information the PD2DSS should convey (i.e., the number of sequences), the signal waveform (i.e., SC-FDMA or OFDM) and the signal property (i.e., time-domain symmetry). Such investigations would include at least evaluations of:

· Auto-correlation of PD2DSS
· Cross-correlation among the set of PD2DSSs

· Cross-correlation among the set of PD2DSSs and the set of PSSs

· Power dynamics such as PAPR
3.3.2 Synchronization signal sequence mapping to subcarriers
In the following, we give examples on how to generate PD2DSS in order to obtain time-domain symmetry assuming that the sequence 
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 used for PD2DSS is generated from a centrally symmetric sequence of even length, e.g., the length-62 PSS sequence obtained from a punctured length-63 Zadoff-Chu sequence:
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The sequence 
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 would be mapped to the REs according to:
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In the following options, 
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 will become centrally symmetric around the DC subcarrier, which is a sufficient and necessary condition for the PD2DSS in time domain to be centrally symmetric [5], [10]. As a result, the central symmetric PD2DSS can be used to reduce about 50% multiplications in the corresponding matched filter. It should be emphasized that 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.
Option 1: A centrally symmetric PD2DSS is generated by OFDM baseband signal
This option is utilizing an un-modulated DC subcarrier and is not using any subcarrier shift, see the OFDM baseband signal definition in Sec. 6.12 of 36.211[11]. It can be shown that the low-pass equivalent sampled signal fulfils
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Option 2: A centrally symmetric PD2DSS is generated by SC-FDMA baseband signal
This option is utilizing all subcarriers and a ½ subcarrier shift, see the SC-FDMA baseband signal definition in Sec. 5.6 of 36.211[11]. It can be shown that the low-pass equivalent sampled signal fulfils
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Proposal 7. The PD2DSS is based on Zadoff-Chu sequences mapped to the subcarriers such that the time-domain signal becomes centrally symmetric.
· Selection of sequence is FFS.

3.3.3 Numerical results

Fig. 1 contains the PAPR for each root index of the existing PSS sequence for Option 1 and Option 2, respectively. It is observed that the PAPR is similar for a given root index for both options, hence the following observation could be drawn.
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Figure 1. PD2DSS PAPR for different root indices of the PSS sequence for OFDM and SC-FDMA, respectively.
Observation. For a given root index of the PSS sequence, the differences in PAPR are small between OFDM and SC-FDMA.

Still, it should be noted that certain root indices give undesirably large PAPR. Therefore, in terms of PAPR, the choice between OFDM and SC-FDMA is primarily a question of selecting a proper sequence. As noted, further study is needed to find sequences that could offer low PAPR and desirable auto-, cross-correlation properties.
3.4 SD2DSS Design 

The primary purpose of an SD2DSS would be to encode information which cannot be contained in the PD2DSS. It should be noted that only 3 root indices u are utilized for the PSS. Further study would be needed if this number could be increased in the PD2DSS, since that would result in worse detection performance, as well as larger receiver complexity.  
Whether a SD2DSS is needed, would depend on the amount of synchronization information to be provided, as discussed in Sec. 2. The existing SSS could encode up to 31*31=961 unique information states (or 9 bits). If the PD2DS/SD2DSS would be transmitted more than once per radio frame, the SD2DSS needs to encode the frame timing. 
3.5 Time-frequency resources for PD2DSS/SD2DSS transmission
A general PD2DSS/SD2DSS transmission pattern is shown in Fig. 2. It should be noted that the D2DSS should be located in a set of centrally located PRBs, otherwise it cannot easily be designed to exhibit time-domain symmetries. 

Proposal 8. The D2DSS should be transmitted in set of centrally located PRBs. 
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, since this would break the single-carrier property.  This would necessitate D2DSS symbols to be blanked, as illustrated in Fig. 2. 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 symbol lengths in the time domain, P is the D2DSS period, and D is the D2DSS burst duration. The parameters Mp, Np, Ms, Ns, P and 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 2. Example of time-frequency resources for D2DSS transmission.
Proposal 9. The D2DSS could be transmitted in bursts in a periodic manner.
4 Conclusions
This paper discussed the D2DSS design. We propose that:
Proposal 1. The number of PSSID should be no larger than 504, e.g., it could be around 100.

Proposal 2. The synchronization source type should be conveyed by D2DSS/PD2DSCH. 
Proposal 3. Resource allocation for data and/or control signaling is not carried by D2DSS/PD2DSCH. 
Proposal 4.
· Limit the amount of information which could be carried by D2DSS/PD2DSCH.
· Synchronization source identities and synchronization source types could be conveyed by D2DSS if the amount of information is not large.
Proposal 5. The D2DSS may be generated as one of
· OFDM signal, or

· SC-FDMA signal without DFT precoder.

Proposal 6. Higher-layer signalling solutions or specific D2DSS signal design may be used in order to differentiate D2DSS and PSS/SSS, if needed.
Proposal 7. The PD2DSS is based on a ZC sequence mapped to the subcarriers such that the time-domain signal becomes centrally symmetric.

· Selection of sequence is FFS.
Proposal 8. The D2DSS should be transmitted in set of centrally located PRBs. 
Proposal 9. The D2DSS could be transmitted in bursts in a periodic manner.
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