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1. Introduction

The timing error requirements for D2D when UE is synchronized to the eNodeB (in network coverage) were agreed in the prior RAN4 meetings [2]. The requirements when UE is synchronized to another UE were left FFS as the synchronization signal design was still being finalized in RAN1. 
In this contribution, we provide our proposal on timing error requirements for D2D transmissions when the D2D UE is synchronized to another D2D UE transmitting D2D specific synchronization signals based on the agreed RAN1 design.

2. Timing error with D2D UE as synchronization reference 
For out-of-network coverage D2D transmissions, the D2D UE may synchronize to another D2D UE that is transmitting the D2D specific synchronization signals (PSSS and SSSS). The synchronization signals PSSS/SSSS uses the legacy PSS/SSS as the building blocks (sequences PSSS/SSSS are Rel-8 PSS/SSS sequences, with 2 repetitions of PSSS and SSSS per subframe).

When synchronized to another D2D UE, the transmissions use “downlink” timing with reference to the received timing reference from the D2D UE. There are no timing-adjustment commands between the D2D UEs. Figure 1 shows the CDF of the residual timing error after synchronization to another UE for varying carrier frequency offsets (-10ppm to 10ppm) and different channel bandwidths. It can be observed that the residual timing error follows the sampling frequency used (~1/fs). Hence the results are also the same as the current timing requirements (for WAN) defined in TS 36.133.
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Figure 1: Residual timing error after synchronization
It is hence proposed that the existing requirements for PRACH shall apply for D2D timing error, with respect to the received reference timing frame from the other D2D UE.
Proposal 1: When synchronized to another D2D UE, the transmission timing error as specified for PRACH shall apply for D2D transmissions with the received timing frame from the other D2D UE as reference.

3. Conclusions

In this paper, we provide our proposal on the D2D transmission timing error when the D2D UE is synchronized to another D2D UE.
Proposal 1: When synchronized to another D2D UE, the transmission timing error as specified for PRACH shall apply for D2D transmissions with the received timing frame from the other D2D UE as reference.
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5. Appendix: Background on D2DSS signal design

In this appendix, we provide a brief background of the agreed physical layer synchronization signal design. Figure 2 below depicts the subframe with transmission of synchronization signals (PSSS/SSSS/PSBCH) for D2D communications. Comparing with legacy synchronization signals, PSSS is analogous to PSS, SSSS is analogous to SSS, and PSBCH is analogous PBCH. In this appendix, we provide further details for PSSS and SSSS that are relevant to timing acquisition.
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Figure 2: Sub-frame with transmission of synchronization signals (PSSS/SSSS/PSBCH) for D2D communications 

PSSS (Primary Sidelink Synchronization Signal)

Sequence: PSSS are Rel-8 PSS (Zadoff Chu) sequences, and new root indices {26,37} are used. 
Waveform: SC-FDM without DFT-precoding.

Physical mapping: PSSS sequences are of length 62 are centered on d.c. PSSS is transmitted on two symbols per subframe as shown in Figure 2. The two symbols with PSSS are adjacent and specified as follows:

· Normal CP: l = 1 and 2 in the first slot
· Extended CP: l = 0 and 1 in the first slot
SSSS (Secondary Sidelink Synchronization Signal)
Sequence: is same as Rel-8 SSS (M sequence) of length 62. There are a total of 336 SSSS sequences divided into two sets of 168 sequences each corresponding to an in-coverage set and an out-of-coverage set.

Waveform: SC-FDM without DFT-precoding with reduced power with respect to PSSS.

Physical mapping: SSSS sequences are of length 62 are centered on d.c. SSSS is transmitted on two symbols per subframe (with SF0 sequence of Rel-8 SSS sequence transmitted on both the symbols) as shown in Figure 2. The two symbols with SSSS are adjacent and specified as follows:

· Normal CP: l = 4 and 5 in the second slot
· Extended CP: l = 3 and 4 in the second slot
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