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1 Introduction
This paper focuses on reference signal design for efficient synchronization of the receivers for discovery and communication. Companion contributions [1][2] focus on synchronization procedures based on the signals proposed in this paper. 
2 Synchronization Signals Design (D2DSS)

During RAN1#78 the D2DSS design was largely progressed. One outstanding issue is related to the ability of receivers to detect the correct peak in the time/frequency ambiguity function of PD2DSS despite the large initial frequency error according to the indications from RAN4.

Even though the analysis in [4] is relevant, it was also observed that cellular UEs already face large frequency offsets in certain bands, which does not seem to be problematic for UE implementations [3]. The issue can be addressed in different ways:

1. Updating the PD2DSS sequences with sequences with better ambiguity function at large frequency shift [4];

2. Enabling the UE to exploit additional RS for synchronization;

3. Letting the UE test multiple hypotheses based on PD2DSS.

Solution 1) is technically suitable but it requires additional study on the synchronization signals as well as reverting some existing agreement. Solutions 2) and 3) solve the issue with small or no standardization effort at all. Solutions 2) and 3) may imply some additional receiver implementation effort for PS UEs as compared to Rel-8 synchronization, however some effort is even required for implementing 1) (e.g., new correlators).
In summary, we slightly prefer option 2) considering the standardization deadline for D2D. One way to enable a UE implementation to easily select the correct synchronization is to provide D2DSS and PD2DSCH in the same subframe and in adjacent symbols. A range of coherent and incoherent synchronization algorithms can be used with the RS mapping provided in Figure 1.
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Figure 1: Proposed PD2DSCH subframe mapping.

Proposal:

· Confirm the agreement that SD2DSS uses M-sequences
· The mapping of M-sequences to even/odd subcarrier is exploited to indicated TDD/FDD spectrum

· D2DSS mapping in the subframe is according to Figure 1
3 Power Control of D2DSS/PD2DSCH
In RAN1#78 it was agreed that:

· For SD2DSS,

· Sequence:

· Same sequence as Rel-8 SSS

· Waveform:

· SC-FDM without DFT-precoding with reduced power with respect to PD2DSS

· FFS: how to specify reduced power mechanism for SD2DSS
· Number of symbols in a subframe is 2

Even though it would be possible to specify the exact power backoff for SD2DSS, we do not see a strong motivation for doing it. Different UEs would be able to adjust their SD2DSS power according to their implementation, provided that performance requirements are fulfilled and that the maximum allowed SD2DSS power backoff is bounded. At the same time standardization effort would be reduced.
One important aspect though is that UEs should be able to exploit PD2DSS or SD2DSS for PD2DSCH demodulation (together with PD2DSCH DMRS). This means that the PD2DSCH power should be linked to either the PD2DSS (preferred) or the SD2DSS power level.
Proposal:

· SD2DSS power is at most X dB lower than PD2DSS power

· X is a static value FFS by RAN4

· UEs are free to use smaller SD2DSS power backoff

· PD2DSS and PD2DSCH use the same power
4 Information Carried by D2DSS

We suggest to use 3 different root sequences for PD2DSS:

· The first two (symmetrical) PD2DSS root sequences indicate that D2DSS is used for communication and whether D2DSS belongs to D2DSSue_net or D2DSSue_ooc. Only communication-capable UEs need to implement a detector for these root sequences.

· The third PD2DSS root sequence indicates that D2DSS is used for discovery. Only discovery-capable UEs need to implement a detector for this root sequence.

We suggest to use 168 different root sequences for SD2DSS:

· A (subset of) PSSID is indicated by the SD2DSS index
Proposals:

· PD2DSS indicates discovery/communication and in/out of coverage

· SD2DSS indicates a subset of PSSID

· Communication-capable and discovery-capable UEs are associated to different sets of (symmetrical) root sequences

5 Conclusions

In this contribution we analysed the D2DSS format.
Proposal:

· Confirm the agreement that SD2DSS uses M-sequences

· The mapping of M-sequences to even/odd subcarrier is exploited to indicated TDD/FDD spectrum

· D2DSS mapping in the subframe is according to Figure 1
· SD2DSS power is at most X dB lower than PD2DSS power

· X is a static value FFS by RAN4

· UEs are free to use smaller SD2DSS power backoff

· PD2DSS and PD2DSCH use the same power
· PD2DSS indicates discovery/communication and in/out of coverage

· SD2DSS indicates a subset of PSSID

· Communication-capable and discovery-capable UEs are associated to different sets of (symmetrical) root sequences
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