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1. Introduction
This contribution discusses detailed design of D2DSS based on the following agreements and 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
RAN1#77

Agreements:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number

· D2D frame number is a frame number used for D2D communication

· FFS: Detailed of D2D frame number

· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number

· SD2DSS is specified

· If D2D transmitter is in-coverage, D2D frame number is derived from SFN

Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB

· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB

· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither

Working Assumption:

· A synchronization resource contains 

· In a sub-frame:

· FFS whether 1 or 2 symbols are PD2DSS

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices 

· FFS whether 1 or 2 symbols are SD2DSS

· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS

· Exact symbol locations are FFS

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency – FFS if root indices are same or different than  Rel-8 PSS root indices (note that if OFDM and Rel-8 PSS root indices, then the waveform would be the same as Rel-8 PSS)

· FFS: if PD2DSS is OFDM or SC-FDM without DFT pre-coding

· FFS if SD2DSS is OFDM or SC-FDM 

· If SD2SS is SC-FDM, FFS if it is DFT pre-coded 

2. D2DSS structure
A. D2DSS (PD2DSS/SD2DSS) waveform
If D2DSS (i.e. PD2DSS/SD2DSS) waveform is the same as that of Rel-8 synchronization signals (i.e. PSS/SSS), 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 Rel-8 synchronization signal waveform in each symbol containing PD2DSS and SD2DSS. This implies that D2DSS 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 Rel-8 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. This problem can be solved by implementation, for example, each UE transmitting a SD2DSS (or a network) can select proper sequence index which has relatively low PAPR. 

Proposal 1: PD2DSS/SD2DSS have the same waveform as Rel-8 PSS/SSS.
B. The number of symbols for D2DSS
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. Because of this, enough D2DSS energy should be received by each UE in order to detect D2DSS within a subframe.
According to the working assumption in previous meeting, PD2DSS and SD2DSS can be transmitted on 1 or 2 symbols, respectively. The simulation results to determine the number of symbols for D2DSS are provided in Figure 1 and 2. Figure 1 shows the PD2DSS detection performance with 1 or 2 symbols used for PD2DSS, and it is assumed that the receiver knows PD2DSS sequence index for comparing detection performance from the timing error point of view. Figure 2 shows the joint detection performance of PD2DSS and SD2DSS, and blind detection is assumed for both signals. 
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Figure 1. PD2DSS detection performance with 1 or 2 symbols used for PD2DSS

[image: image5.emf]0.10%

1.00%

10.00%

100.00%

-8 -6 -4 -2 0 2 4 6

Error probability

SNR (dB)

PD2DSS/SD2DSS joint detection (Foffset:0kHz)

H, 1 symbol

H, 2 symbols

NH, 1symbol

NH, 2 symbols

 [image: image6.emf]0.10%

1.00%

10.00%

100.00%

-8 -6 -4 -2 0 2 4 6

Error probability

SNR (dB)

PD2DSS/SD2DSS joint detection (Foffset:3.5kHz)

H, 1 symbol

H, 2 symbols

NH, 1symbol

NH, 2 symbols


[image: image7.emf]0.10%

1.00%

10.00%

100.00%

-8 -6 -4 -2 0 2 4 6

Error probability

SNR (dB)

PD2DSS/SD2DSS joint detection (Foffset:7kHz)

H, 1 symbol

H, 2 symbols

NH, 1symbol

NH, 2 symbols

 [image: image8.emf]0.10%

1.00%

10.00%

100.00%

-8 -6 -4 -2 0 2 4 6

Error probability

SNR (dB)

PD2DSS/SD2DSS joint detection (Foffset:10.5kHz)

H, 1 symbol

H, 2 symbols

NH, 1symbol

NH, 2 symbols


Figure 2. PD2DSS/SD2DSS joint detection performance with 1 or 2 symbols used for PD2DSS/SD2DSS
In these results, “H” and “NH” means whether 3-level hypothesis (with 7 kHz offset) is applied or not, and “1 symbol” and “2 symbols” means that each signal is transmitted on 1 or 2 symbols. When 2 symbols are used, the transmitter repeats the same root index which is randomly selected from the 3 (for PD2DSS) and 168 (for SD2DSS) indices defined for Rel-8 PSS and SSS in the results of Figure 2. Here, PD2DSS is considered to be correctly detected if the timing condition (i.e. -CP/2~CP/2) and sequence detection are satisfied, and sequence detection is only considered for SD2DSS. As shown in simulation results, it is desirable to adopt 2 symbols for PD2DSS and SD2DSS, respectively. Therefore, if the number of symbols should be selected between 1 and 2 symbols for PD2DSS/SD2DSS, we prefer to use 2 symbols for PD2DSS and SD2DSS, respectively.

Proposal 2: If the number of symbols for PD2DSS/SD2DSS should be selected between 1 and 2, we prefer 2 symbols for PD2DSS and SD2DSS, respectively. 
On the other hand, we note that SNR of -2.78 dB in 6 RB transmissions corresponds to the pathloss of -107 dBm RSRP. In our simulation, error rate of 2.5% is observed in that SNR even in the case with zero frequency offset. Moreover, because searching window size of 1ms is assumed for D2DSS detection in our simulation, error rate is increased in actual environment (i.e. more than 40ms). In order to obtain sufficient time acquisition performance, more than 2 symbols (e.g. 4, 6 symbols) could be considered for each synchronization signal.

Observation 1: To obtain sufficient time acquisition performance, more symbols (e.g. 4, 6) could be considered for each synchronization signal.
C. Symbol location of D2DSS
As discussed in our companion contribution [1], if PD2DSCH and D2DSS are multiplexed in a subframe, it is desirable that D2DSSs are located at each end in a subframe for better channel estimation performance of PD2DSCH if it is demodulated with the current PUSCH DM RS. In addition, it is preferable to locate PD2DSS in the consecutive symbols in order to allow the implementation where the UE compensates the frequency offset (remaining after the hypothetical PD2DSS detection, for example) by comparing the two adjacent PD2DSS symbols and detects SD2DSS with a better performance. Figure 3 shows symbol location of subframe which includes D2DSS, PD2DSCH, DMRS for PD2DSCH and GAP symbol. If the AGC in the first symbol causes a problem, PD2DSS symbols may be shifted (e.g., (#1, #2) for normal CP, (#3, #4) for extended CP).
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Figure 3. D2DSS subframe structure
Proposal 3: The symbol location of D2DSS subframe follows Figure 3.
D. Distinction between D2DSSue_net and D2DSSue_oon

In RAN1#77, it was agreed that the set of D2DSS sequence(s) transmitted by a UE is divided into two groups: D2DSSue_net and D2DSSue_oon. This group can be divided by the combination of PD2DSS and SD2DSS sequences. When compared to the method of using only PD2DSS sequence for this distinction, this can be beneficial in that in-coverage UE and out-coverage UE can transmit all the PD2DSS sequences which lower the probability of PD2DSS collision from different UEs. Assuming that PD2DSS and SD2DSS sequences are derived from D2DSS ID ranging [0, 503] by the same way of PSS/SSS generation from the cell ID, the following options can be considered as examples:
Option 1) depending on whether D2DSS ID is an odd or even number


e.g.) D2DSS ID % 2 = 0 ( D2DSSue_net, D2DSS ID % 2 = 1 ( D2DSSue_oon

Option 2) depending on the ratio of D2DSSue_net size to D2DSSue_oon size (e.g. net:oon=1:2)

e.g.) D2DSS ID % 3=0 ( D2DSSue_net, D2DSS ID % 3 = 1 or 2 ( D2DSSue_oon

Proposal 4: The relation between D2DSS ID and PD2DSS/SD2DSS sequence reuses that between cell ID and PSS/SSS sequence. D2DSS ID determines whether the D2DSS belongs to D2DSSue_net or D2DSSue_oon.
E. Measurement of D2DSS

In RAN1#76bis, it was agreed that an out-of-coverage UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm. Thus, it needs to be defined how this D2DSS measurement is done. First, the PAPR of PD2DSS and SD2DSS can be different leading to different power backoff in the two sequences from the same UE, so it is desirable to select one for the measurement. As mentioned above, the number of PD2DSS sequence indices is only three, so a UE can receive overlapped PD2DSSs which have same index from different synchronization sources and cannot distinguish them. On the other hand, the number of SD2DSS sequence candidates is 168, so the measurement based on SD2DSS provides more accurate estimate for the pathloss between two UEs. 
Proposal 5: The D2DSS measurement is performed on SD2DSS(s).
3. Conclusion
This contribution discussed the detailed design of D2DSS. It can be summarized as follows:
Proposal 1: PD2DSS/SD2DSS have the same waveform as Rel-8 PSS/SSS.

Proposal 2: If the number of symbols for PD2DSS/SD2DSS should be selected between 1 and 2, we prefer 2 symbols for PD2DSS and SD2DSS, respectively.
Observation 1: To obtain sufficient time acquisition performance, more symbols (e.g. 4, 6) could be considered for each synchronization signal.
Proposal 3: The symbol location of D2DSS subframe follows Figure 3.

Proposal 4: The relation between D2DSS ID and PD2DSS/SD2DSS sequence reuses that between cell ID and PSS/SSS sequence. D2DSS ID determines whether the D2DSS belongs to D2DSSue_net or D2DSSue_oon.
Proposal 5: The D2DSS measurement is performed on SD2DSS(s).
______________________________________________________________________
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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 60 x 60 km/h

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