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Introduction
This contribution focuses on signal design and resource allocation for D2D synchronization. 

We note that a couple of working assumptions for D2D synchronization were agreed on at RAN1 #74BIS [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

In [2], we proposed that TDM resource allocation be supported for D2DSS and PD2DSCH, and argued that TDM resource allocation can facilitate multiuser synchronization and thereby improve synchronization performance. In this contribution, we propose a modified signal design compared to [2] with the goal of reducing frequency offset error. The main change is introduction of additional reference signals and corrsponding longer information block. 

In this contribution, we present a candidate design for D2DSS and TDM resource allocation in Section 2. The significance of the proposed D2DSS design will be discussed and demonstrated through link-level simulation in Section 3. We further discuss the some details of the signal design in Section 4, and conclude the contribution in Section 5.  

2 
Proposed design

In what follows, we present a candidate design for D2DSS and resource allocation based on an earlier proposal made in [2].
In the proposed design, a fraction of resources is allocated for the purpose of synchronization. An example is shown in Figure 2-1 with 1% of the system resources (one frame every 1 second) allocated to synchronization. 
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Figure 2-1 Synchronization resource allocation
The synchronization frame is further divided to multiple time-orthogonal resources. Each resource (one subframe in the proposed design) is allocated to a synchronization source for the transmission of D2DSS and PD2DSCH, hence we can enable multiple sync transmissions for the purpose of multi-user synchronization.
A candidate design, as shown in the previous figure, for the synchronization signal consists of
· A PD2DSCH comprising eight symbols

· A D2DSS comprising four PD2DSS symbols
· Two guard symbols on both sides

PD2DSCH may contain:
· Timing information -- counters

· Synchronization Status, Accuracy  – e.g. connected to GPS, connected to WAN, etc.

· Stratum Level (i.e., hop count)

· Information for conflict resolution – e.g. age/source/reliability of the timing signal 
· System configuration information – e.g. resource pool used for D2D communication
As discussed in [3], concatenated PD2DSS sequences enable a symbol-level search for time acquisition that will significantly reduce the complexity of the synchronization algorithm. We further suggest all the D2D synchronization sources to use the same PD2DSS sequence during these two transmissions. This will simplify the initial acquisition algorithm by removing the need for searching multiple sequences.
The additional two PD2DSS sequences, separated by PD2DSCH symbols, can be used for

· More reliable frequency offset estimation 
· Better channel estimation for decoding the PD2DSCH

· Improved time synchronization, if the same ZC sequences as the middle PD2DSS signals are used
We propose:

Proposal 1: a D2DSS with low duty cycle is proposed to consist of at least two consecutive repeated PD2DSS transmission to enable symbol-level search, and additional PD2DSS symbols separated in time for imptoved synchronization performance
Additionally, we propose that similar to the agreements made for discovery and communication, PD2DSCH should use PUSCH signaling as well. 

Proposal 2: PD2DSCH should mostly reuse PUSCH signaling. 
In the next section, we discuss the new D2DSS design in more details and argue how it can be utilized for better time and frequency synchronization. We also present simulations results evaluating the performance of our link-level synchronization algorithms with the proposed signal design.
3

Simulation Results

Similar to LTE downlink, we consider the initial time acquisition in a D2D system is performed by detecting the D2DSS signal. The same D2DSS can then be used for frequency offset estimation. However in low SINR regime, using a single D2DSS, one may not be able to successfully perform time acquisition and resolve the frequency offset to some acceptable level. In this case, a UE needs to accumulate and non-coherently combine D2DSS over multiple synchornization periods to achieve a reliable synchronization. There has been interest in one-shot D2DSS detection in order to save complexity of non-coherent combining, and hence we discuss improvement to D2DSS detection based on this approach.
In order to achieve the objective of one shot D2DSS detection, we propose to transmit multiple PD2DSS symbols within a D2DSS. A more reliable time acquisition can now be  resulted from accumulating the energy of these PD2DSS signals.
In [2], we proposed a frequency synchronization algorithm that uses the phase shift between the received PD2DSS signals in order to estimate the CFO. It can be shown a more reliable CFO estimation can be achieved as we increase the separation of two PD2DSS sequences in time. However, there is a trade-off between the estimation accuracy and the range of detectable CFO,which is inversely proportional to the time separation. Our proposed D2DSS design addresses this issue by (i) transmitting two separated PD2DSS at symbols 1 and 12 to get a more accurate estimation, and (ii) two consecutive PD2DSS in the middle symbols 6 and 7 to increase the range of CFO detection.
In what follows, we provide results of simulating our link-level sync algorithms using the proposed D2DSS design. The link-level simulations are perfomed on SCM channel model, with single rx antenna, the carrier frequency of 700 MHz, and a frequency offset of up to 10 ppm. We further assume all the PD2DSS sequences are similar and generated based on a frequency domain 63-length ZC sequence (root index=29).
The time synchronization results correspond to a one-shot PD2DSS detection probability. One can see this probability is reasonably high even for low SINR values (not very large initial CFO), hence D2DSS accumulation may not be needed. In order to improve the performance for the cases with very large CFO values (e.g., 10 ppm), we can consider a number of (e.g., 3) coarse CFO hypotheses in computing the PD2DSS correlation. 

(a) 
















(b)

[image: image2.emf]0 2 4 6 8 10

0.4

0.5

0.6

0.7

0.8

0.9

1

Frequency Offset (ppm)

PD2DSS Detection Probability

 

 

4 dB

0 dB

-4 dB

-6 dB

[image: image3.emf]-1 -0.5 0 0.5 1

x 10

-6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PD2DSS Estimation Error (sec)

CDF

 

 

4 dB

0 dB

-4 dB

-6 dB


Figure 3-1 Time synchronization; (a) One-shot PD2DSS detection probability, (b) Error in estimating the PD2DSS position (initial FO = 6 ppm)
After a successful time acquisition, the detected PD2DSS symbols will be used for frequency offset estimation. Figure 3-2 demostrates the corresponding simulation results. One can observe, with the new D2DSS design, a one-shot frequency synchronization may be sufficient to achieve reasonably small residual CFO. As illustrated in Figure 3-2 (b), the residual error is almost independent of the initial CFO value. 

As mentioned before, estimating the CFO based on the phase shift between the received PD2DSS symbols is prone to an error due to 2π rotation. The proposed design tries to resolve this issue and yet achieve a more accurate estimation by combining the CFO estimates from various pairs of PD2DSS symbols separated differently in time. However in a low SINR regime, the 2π rotation effect may still occur with a low probability (please refer to Figure 3-3 (a)). One way to avoid this issue is to evaluate the CFO estimation by considering some threshold on the PD2DSS correlation. More especififcally, one can correlate the CFO compensated receieved PD2DSS symbols with the reference sequence, and accept the estimated value only if the combined correlation value hits a predefined threshold. Figure 3-4 (b) shows the chance of a wrong estimation can be made negligible by applying a threshold on the correlation metric. This will be at the cost of discarding some legitimate estimations (please refer to Figure A-1, less than 20% of estimations are discarded by considering a threshold of 0.1).
(a) 
















(b)

[image: image4.emf]-150 -100 -50 0 50 100 150

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CFO Estimation Error (Hz)

CDF

 

 

4 dB

0 dB

-4 dB

-6 dB

[image: image5.emf]-150 -100 -50 0 50 100 150

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CFO Estimation Error (Hz)

CDF

 

 

0 ppm

4 ppm

10 ppm


Figure 3-2 Frequency synchronization; (a) Error in estimating the CFO (initial FO = 6 ppm), (b) Error in estimating the CFO (SNR= 0 dB)
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Figure 3-3 Frequency synchronization (SNR = -6 dB) (a) 2π rotation effect in CFO estimation, (b) Resolving the effect by applying a threhold (0.1) on the combined correlation metric
Observation 1: the new D2DSS design is capable of providing reliable time acquisition and accurate frequency synchronization within a single sync period.

4 
Details of Signal Design and Mapping
As mentioned before, D2DSS may also comprise a SD2DSS in addition to PD2DSS symbol(s). SD2DSS, similar to LTE SSS, is an M sequence, and may be used for

· Conveying additional information, e.g., identification and/or type of synchronization sources
· Finer synchronization

· Better channel estimation, in case multiple sync sources transmit similar PD2DSS sequences on overlapping resources

Based on our proposed design and the RAN1 agreement [1], PD2DSCH can be used to transmit the required information for synchronization.  Moreover, we discussed in the previous section how additional PD2DSS symbols (instead of SD2DSS) can improve both time and frequency synchronization.  We also proposed to allocate time-orthogonal resources for synchronization that will reduce the chance of overlapping D2DSS transmissions from different sources. However to provide better channel estimation, in case of overlapping transmissions, we propose to use a PD2DSS instead of SD2DSS. The reason is the relatively high PAPR value of SD2DSS (M sequence) compared to PD2DSS (ZC sequence) as illustrated in Figure 4-1.
We also notice that by appropriately choosing the length (for example, a prime number like 61) of  the ZC sequence, one can generate sufficiently large number of (e.g., 60) different PD2DSS sequences.
Proposal 3: D2DSS does not need to consist of a SD2DSS.
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Figure 4-1 PAPR comparison of SD2DSS (62-length m-sequence) and PD2DSS (61-length ZC sequence).
Note that the PSS in LTE downlink is generated based on OFDM frequency mapping of a ZC sequence, that punctures the DC component. However SC-FDMA, that is agreed as a working assumption for data-carrying physical channels, implemenets a different frequency mapping with a ½ subcarrier shift. Therefore, an SC-FDMA based PD2DSS will have a slightly different structure compared to LTE PSS. 
5 
Conclusion

In this contribution we proposed a new synchronization signal design and showed the candidate design can provide accurate time and frequency synchronization. 
We make the following proposals and observation: 

Proposal 1: a D2DSS with low duty cycle is proposed to consist of at least two consecutive repeated PD2DSS transmission to enable symbol-level search, and additional PD2DSS symbols separated in time for imptoved synchronization performance

Proposal 2: PD2DSCH should mostly reuse PUSCH signaling. 
Observation1: the new D2DSS design is capable of providing reliable time acquisition and accurate frequency synchronization within a single sync period.

Proposal 3: D2DSS does not need to consist of a SD2DSS.

Appendix:
Distribution of PD2DSS Correlation Metric
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Figure A-1 Distribution of the combined PD2DSS correlation metric (SNR = -6 dB) 
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