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1. Introduction
In the last meeting RAN1 #74bis, the following was agreed as working assumptions:
===========================================================================
· 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). 

===========================================================================

This contribution discusses details of D2DSS and PD2DSCH, focusing on the structure of D2DSS and PD2DSCH, and their contents.

2. D2DSS design
Based on the working assumption, PD2DSS and SD2DSS use a Zadoff-Chu sequence and an M sequence, which are similar to the LTE PSS and SSS respectively. Therefore, it is advantageous to reuse the LTE PSS and SSS format for the D2DSS as much as possible in order to reuse the existing timing acquisition circuit to the maximum extent. 
One main difference from the current timing acquisition is that, in D2D communications, it is difficult for a UE to transmit the synchronization reference continuously due to the battery consumption and the constraint of half-duplex operation. A UE transmitting D2DSS also needs to receive D2D signals from other D2D UEs or to transmit WAN UL as per the agreement that TDM can be used for multiplexing D2D signal and cellular signal from individual UE perspective. Thus, as discussed in [1], it is reasonable to have a relatively long period (e.g., 100 ms) for the D2DSS transmission. We note that synchronization is assumed to be reliable for 0.5s in the current power consumption model.
In order to maximize the D2D communication range, the design of D2DSS should provide a reliable detectability in low SINR cases. The detection of synchronization signal can be improved by combining the energy of multiple signal transmissions as discussed in [1]. However, the acquisition delay will increase too much if signal transmissions are combined over multiple transmission periods, especially when a relatively long period is used. In order to overcome this problem, we propose to design the D2DSS as N-times repetition of a single symbol PD2DSS and/or SD2DSS as illustrated in Figure 1. We note that Figure 1 is just for the purpose of illustration and further study is needed for the detailed design including the PD2DSS/SD2DSS location, the number of repetition (including the possibility of omitting PD2DSS or SD2DSS), the sequence(s) used for the D2DSS (including the possibility of varying the sequence over the symbols).
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Figure 1. Two examples of D2DSS with 4 repeated PD2DSS/SD2DSS.
Figure 2 shows the detection performance of a D2DSS which is comprised of N repeated PSS. It can be observed that a small number of synchronization signal transmission is not sufficient to achieve enough synchronization. So, number of symbols used for the synchronization signal transmission should be carefully studied further in consideration of the operation SINR range and tolerable synchronization error in D2D communications.
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Figure 2. Performance of synchronization with repeated PSS transmissions (a) probability of sequence detection error and (b) CDF of residual timing error.

Regarding the necessity of SD2DSS, similarly to SSS, it can be used to differentiate D2DSSs transmitted from different synchronization source. In general, it cannot be guaranteed that UEs transmitting D2DSSs are well synchronized (e.g., outside network coverage and in the asynchronous cell deployments), so a UE needs to do synchronization on the basis of per-synchronization-source monitoring which requires the differentiation of D2DSSs. A simple way is to use different sequence in transmitting SD2DSS in each synchronization source. An additional benefit of having SD2DSS is that it can be used to get a better subframe synchronization when PD2DSS is repeated in multiple symbols as discussed above. If we assume that the D2DSS consists of only PD2DSS repetition with a same root index, then when a receiver UE has a wrong hypothesis on the starting position of PD2DSS but observes the highest correlation as illustrated in Figure 3, the UE cannot decode the subsequent D2D signals correctly due to the incorrect subframe boundary. In this case, the UE actually has successful symbol timing detection, so the subframe boundary can be corrected by using a different D2DSS which can be SD2DSS: If SD2DSS is transmitted after the repetition of PD2DSS, that UE has a chance to correct the wrong hypothesis on the subframe boundary (i.e., the start position of D2DSS). 
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Figure 3 An example of larger peak at a wrong position
For the ease of D2DSS detection, it can be transmitted in the same position of PSS/SSS, i.e., in the center 6 RBs of the system bandwidth.
Proposal 1: The D2DSS consists of PD2DSS and SD2DSS repeated in multiple symbols within a subframe. 
Proposal 2: The root indices of PD2DSS and SD2DSS are used to deliver the information on the ID of the synchronization source.
3. PD2DSCH design
The role of PD2DSCH can be similar to that of PBCH; it can deliver the essential information required for the D2D transmissions and receptions. As the identity-related information can be delivered via the combination of PD2DSS and SD2DSS, the other necessary information can be transmitted including

· D2D communication system bandwidth: This indicates the system bandwidth to be assumed in transmitting and receiving D2D communication signals.

· Location of D2D subframes: This indicates the subframes in which D2D transmissions are allowed with following the synchronization source associated with the PD2DSCH. In other words, a UE transmits no D2D signals in the subframes not indicated by this information if it uses the synchronization source associated with the PD2DSCH. This enables the time-domain interference coordination between D2D clusters [2] and TDM multiplexing between WAN UL and out-NW D2D [3].
· Transmission power: The network can control the transmission power of out-NW D2D transmissions by using this field to manage the interference level on its UL.
· Indication of PD2DSCH-transmitter’s synchronization type: This indicates whether this PD2DSCH is transmitted from a UE elected as a SR-UE, a relay UE connected to eNB, or a UE relaying PD2DSCH transmitted from a SR-UE. Appropriate UE behaviors can be defined using this information. For example, an out-network UE can prioritize D2DSS/PD2DSCH transmitted from an in-NW UE and a UE can decide whether to participate in the SR-UE election procedure [4]
PD2DSCH can be omitted when D2DSS is transmitted for inter-cell D2D operations because the embedded control information can be delivered via the serving signal in a more reliable manner. In this case, the empty symbols can be reused for D2DSS to improve the D2DSS detection performance.
PD2DSCH can be demodulated using D2DSS if they are transmitted within the coherent time, thus no additional DM RS is needed for PD2DSCH. Figure 5 shows one possible example of D2DSS/PD2DSCH multiplexing without an additional symbol for channel estimation. Repeated D2DSS is located at the first N1 symbols and an M-symbol PD2DSCH follows. Last N2 symbols also contains D2DSS, and a better channel estimation for PD2DSCH can be expected by using such a structure where PD2DSCH is surrounded by D2DSS which plays the role of DM RS. Having N1>N2 may be preferable because the former part of D2DSS is used both for the initial synchronization and demodulation while the latter part may be used only for demodulation. The legacy PBCH has 24 bits MIB for control (14 bits for actual data, 10 bits are reserved) and 16 bits for CRC, then total 40 bits length codeword is encoded with code rate 1/12. PD2DSCH also maintains a low coding rate around 1/12 to ensure reliable reception. We note that the reliability of PD2DSCH can be improved if UE(s) relay the received PD2DSCH by using the mechanism discussed in [4]. 
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Figure 5 An example of D2DSS and PD2DSCH multiplexing
Proposal 3: PD2DSCH is transmitted to convey the information such as D2D communication system bandwidth, Location of D2D subframes, Transmission power, and PD2DSCH-transmitter’s synchronization type. 
Proposal 4: PD2DSCH is demodulated using D2DSS that surrounds PD2DSCH in the time domain.
4. Conclusion
In this contribution, we suggest some design principals on D2DSS and PD2DSCH. Our proposals are as follows:

Proposal 1: The D2DSS consists of PD2DSS and SD2DSS repeated in multiple symbols within a subframe. 

Proposal 2: The root indices of PD2DSS and SD2DSS are used to deliver the information on the ID of the synchronization source.
Proposal 3: PD2DSCH is transmitted to convey the information such as D2D communication system bandwidth, Location of D2D subframes, Transmission power, and PD2DSCH-transmitter’s synchronization type. 
Proposal 4: PD2DSCH is demodulated using D2DSS that surrounds PD2DSCH in the time domain.
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Appendix. Simulation parameters for Figure 2
	Parameter
	Value

	Center frequency
	700MHz

	System bandwidth
	10MHz

	Antenna configuration
	1 Tx, 2 Rx

	Channel model
	ITU UMi NLOS

	UE speed
	Dual mobility 60 x 60 km/h

	Frequency error between Tx and Rx
	Uniformly random in [-10kHz, 10kHz]

	PSS detection
	Per-symbol chip-level correlation, non-coherently combining the correlation of repeated symbols
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