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1. Introduction
This contribution discusses detailed design of D2DSS based on the following working assumptions reached so far:

RAN1#74bis
Working Assumption:

· 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

RAN1#76bis
Working assumption:

· A synchronization source transmits D2DSS periodically

· D2DSS period is not smaller than 40 ms

· FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios

Working assumption:

· More than one symbol is used for D2DSS transmission in a subframe containing D2DSS

· FFS detailed structure
· FFS the number of PD2DSS symbols in the same subframe

· FFS: Whether SD2DSS is necessary, and if so, how many symbols are used

· FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe
Working Assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame

2. D2DSS structure
A. D2DSS waveform and the necessity of SD2DSS

If PD2DSS waveform is the same as that of LTE PSS, it can provide the benefit that the existing UE implementation for the synchronization can be reused to the maximum extent. Thus, we propose to reuse the LTE PSS waveform in each symbol containing PD2DSS. This implies that PD2DSS is transmitted in an OFDM modulation used in the DL signals, with DC carrier puncturing and no half-subcarrier shifting.

If we follow the same principle for SD2DSS, reusing the LTE SSS waveform will cause high PAPR which will reduce the coverage of synchronization because the PAPR of M sequences usually are higher than that of ZC sequences. Therefore we propose that D2DSS should consist of only PD2DSS. The ID of the synchronization reference can be identified by using the DM RS of the PD2DSCH associated with D2DSS if the DM RS sequence of PD2DSCH is derived from the synchronization reference ID [1]. Also, the frequency offset can be estimated by using the DM RS of the associated PD2DSCH. With this method, we can avoid additional resource overhead that would be caused if SD2DSS is transmitted.
Proposal 1: D2DSS consists of only PD2DSS which has the same waveform as LTE PSS. The synchronization reference ID is obtained by detecting DM RS of the associated PD2DSCH.
B. Use of multiple symbols as PD2DSS within a subframe

According to the RAN4 feedback, the oscillator error in each UE can be up to 10 PPM and the maximum error in a D2D link (between TX UE and RX UE) is 20 PPM. The period of D2DSS is not smaller than 40 ms by the working assumption, and the time error accumulated during 40 ms can be up to 0.8 us. Considering that 1 time sample in the 6 RB system is about 0.5 us, it is difficult to assume that a UE can coherently combine D2DSSs transmitted in different periods that are separated at least by 40 ms. We note that the D2DSS period can be much larger depending on the application. For example, if D2DSS is used to assist synchronization for the inter-cell D2D discovery, its period can be longer than 1 sec in order to be aligned with the period of the discovery resource pool.
One the other hand, enough D2DSS energy should be received by each UE in order to guarantee sufficient coverage of D2DSS. Figure 1 shows the D2DSS detection error with different number of symbols used for D2DSS. When multiple symbols are used, the transmitter repeats using the same root index which is randomly selected from the three indices defined for LTE PSS {25, 39, 34}. Here, D2DSS is considered to be correctly detected if the error between estimated D2DSS transmission starting time and the actual one is covered by the CP. Considering that SNR of -2.78 dB in 6 RB transmissions corresponds to the pathloss of -107 dBm RSRP, multiple symbols should be combined to obtain sufficient time acquisition performance even in the case with zero frequency offset.
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Figure 1. PD2DSS detection performance under zero frequency offset with various number of symbols used for PD2DSS.

Based on this discussion, we propose to use multiple symbols for PD2DSS in a subframe. If the target error probability of single period time acquisition is around 1%, at least four symbols should be used.
Proposal 2: At least four symbols are used for PD2DSS transmissions in a subframe containing D2DSS.

C. Root indices used for multi-symbol PD2DSS in a subframe
It needs to be decided which root index is used for each PD2DSS symbol in a subframe. One easy way would be using the same index for all the PD2DSS symbols in a subframe. However, this repeated root index will cause the two problems discussed below, and we propose to mix multiple root indices such that different symbols can use different PD2DSS sequences.

One problem of the repetitive root is the ambiguity of the symbol index. When N symbols are used for PD2DSS with the same index and if RX UE misses the first symbol, e.g., due to high noise power, AGC setting, or TX/RX switching, it cannot recognize when the subframe boundary is locating even after it correctly detects the remaining N-1 PD2DSS symbols. If the root index of PD2DSS changes according to the symbol index, such ambiguity can be resolved.

The other problem of the repetitive roots is high correlation peak at non-zero time shift at the presence of high frequency offset. We note that 20 PPM oscillator error makes 14 kHz frequency offset at 700 MHz frequency. Figure 2 shows the aperiodic autocorrelation profile of PD2DSS with the root indices of 25 and 29 under 7 kHz frequency offset, and relatively high peaks are observed at non-zero time shifts. This figure also shows the autocorrelation of PD2DSS with a mixed root indices of {25, 29, 34}, and we can observe that the side peaks are much averaged down because the time shift of side peaks are different in the sequences with different root indices. 
Proposal 3: The root index of the PD2DSS sequence changes according to the symbol index when multiple symbols are used for PD2DSS transmission in a subframe.
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Figure 2. Autocorrelation profiles of multi-symbol PD2DSS with repetitive root index and mixed root index.
Figure 3 and 4 show the D2DSS detection performance under various frequency offset values. 6 symbols are used in each subframe and the used root index patterns are as follows:

· Repetitive index: {25, 25, 25, 25, 25, 25}, {29, 29, 29, 29, 29, 29}, {34, 34, 34, 34, 34, 34}

· Mixed index: {25,29,34,34,29,25}, {34,25,29,29,25,34}, {29,34,25,25,34,29}
Figure 3 shows the results with no receiver handling for the frequency offset, and Figure 4 is for the case where the receiver tests three hypotheses {-7, 0, 7} kHz for the frequency offset.
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Figure 3. D2DSS detection performance with no receiver frequency offset handling
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Figure 4. D2DSS detection performance with hypothetical frequency offset at the receiver.

We can observe in Figures 3 and 4 that the D2DSS detection performance becomes very poor when the frequency offset is large unless it is handled by a proper method. The following examples can be considered to handle such large frequency offset:
-
RX UE has multiple hypotheses on the frequency offset such that it can correctly match the received signal with a small offset at least under one hypothesis.

-
A known signal (e.g., preamble which has a shorter length) is transmitted such that that RX UE can estimate large frequency offset and matches the received signal to the D2DSS sequence after compensating the offset.
Further study is need in consideration of the synchronization performance requirement as well as the UE implementation complexity.
3. Conclusion
This contribution discussed the detailed design of D2DSS. It can be summarized as follows:
Proposal 1: D2DSS consists of only PD2DSS which has the same waveform as LTE PSS. The synchronization reference ID is obtained by detecting DM RS of the associated PD2DSCH.
Proposal 2: At least four symbols are used for PD2DSS transmissions in a subframe containing D2DSS.
Proposal 3: The root index of the PD2DSS sequence changes according to the symbol index when multiple symbols are used for PD2DSS transmission in a subframe.
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Appendix. Simulation parameters

	Parameter
	Value

	Center frequency
	700MHz

	Antenna configuration
	1 Tx, 2 Rx

	Channel model
	ITU UMi NLOS (TR 36.843)

	UE speed
	Dual mobility 3 x 3 km/h

	PD2DSS detection
	Per-symbol chip-level correlation, non-coherently combining the correlation of across symbols
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