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1 Introduction

[bookmark: _GoBack]According to the TR 36.843 V1.0.0 (2013-11), D2D Synchronization Source transmits at least D2D synchronization signal (D2DSS). Further, D2DSS comprises of at least a Primary Synchronization Signal (PD2DSS) and also may comprise of a Secondary D2D Synchronization Signal (SD2DSS).

In this contribution, we address the roles and waveforms of D2DSS.

2 Resource allocation for synchronization

A D2D frame will be divided into two regions: one for Physical D2D Broadcasting Channels (PD2DBCHs) and the other for synchronization management as in Figure 1.



Figure 1: Resource allocation for D2D synchronization.

Resource for synchronization management in Figure 1 will be occupied by the following signals and channel.
· D2D Synchronization Signal (D2DSS)
· Primary D2D Synchronization Signal (PD2DSS)
· Secondary D2D Synchronization Signal (SD2DSS)
· Physical D2D Synchronization Channel (PD2DSCH)



3 PD2DSS
3.1 Roles of PD2DSS

What should be done using the PD2DSS?
Among other things, UEs perform following functions using PD2DSS originated from a specific SS.
· Signal detection and automatic gain control (AGC)
· Frame timing acquisition
· Automatic frequency control (AFC)

Signal detection and AGC
In order to minimize quantization error, we need to condition input signal level of analog-to-digital converter (ADC). This should be done in the time domain (before FFT in the receiver).

Frame timing acquisition
A time domain matched filter correlating the input signal with known waveform can be used to detect frame timing. This is basically time domain operation. After detecting frame timing, receivers know FFT window.

AFC
SNR loss due to the frequency error is proportional to the square of the fraction of the subcarrier spacing [1]


The subcarrier spacing of LTE is much narrower than WLAN (WLAN: 312.5 kHz, LTE: 15 kHz). Therefore, with the same amount of frequency error, WLAN is more advantageous than LTE. In this reason AFC is necessary in D2D to reduce SNR loss by compensating the frequency offset. This can be done either in the time domain or in the frequency domain.

While LTE UE adopts slow-operation AFE (Analog Front End: AGC, AFC, etc.) which tracks downlink signal from eNB, subframe-by-subframe basis one-shot fast AGC, Frame timing acquisition, and AFC are required for D2D.

In Figure 2, UE1, UE2, UE3 and SS2 are synchronized to SS1, UE4 and UE5 are synchronized to SS2. Therefore, all nodes are synchronized.



Figure 2: Network synchronization.

3.2 Waveform of PD2DSS

As mentioned earlier, AGC, frame timing acquisition, and AFC should be performed in the time domain (before FFT in the receiver) using repeated identical short OFDM symbols. In order to generate -length short OFDM symbols, one of the three PSS sequences can be mapped to every  REs (Resource Elements) of specified REs for PD2DSS.

Figure 3 shows four consecutive identical 1/4-length OFDM symbols generated by one of the three PSS sequences (). As expected, the waveform shows good PAPR.





Figure 3: Repeated identical short (1/4-length) OFDM symbols.

If we comprise PD2DSS using ten consecutive identical 1/4-length OFDM symbols as in Figure 4, all three requirements (AGC, Frame timing acquisition, AFC) can be fulfilled one-shot manner under the assumption that data is not frequency division multiplexed with PD2DSS. The time-frequency resource for PD2DSS is only occupied by PD2DSS sequence. Other subcarriers should not be loaded (NULL).



Figure 4: Repeated ten identical short (1/4-length) OFDM symbols for PD2DSS.

· Proposal 1: AGC, Frame timing acquisition, and AFC should be done in the time domain using a number of identical short OFDM symbols.
· Proposal 1a: The time-frequency resource for PD2DSS is only occupied by PD2DSS sequence. Other subcarriers should not be loaded (NULL).
· Proposal 1b: PD2DSS waveform should be common. SS ID should be identified using PD2DSCH. We need to define PD2DSCH.

4 SD2DSS
4.1 Role of SD2DSS

What should be done using SD2DSS?

TR 36.843 states that D2DSS comprises at least a PD2DSS and may also comprise a SD2DSS of an M sequence. Since the primary reason of defining SD2DSS is the SS identification, if PD2DSCH contains “Identity of Synchronization Source,” we do not need SD2DSS anymore.
However, there is another reason why we do need SD2DSS. Synchronization can be relayed to extend coverage where the same synchronization reference is applied. Extending synchronization coverage results in smaller number of asynchronous timings each UE has to track. However, as the number of hops regarding synchronization relay is increased, the propagation delay is also accumulated. Therefore, we need TA between SSs. SD2DSS may be used to support TA between SSs.

4.2 Waveform of SD2DSS

Figure 3 shows random access preamble formats of LTE. Since there is no need to address very large cell radius in D2D, we don’t have to define long waveform format to support TA. Also, TA between SSs may not require a large number of orthogonal sequences because TA does not occur very frequently and the number of hops is not that a big number. Hopefully, one Zadoff-Chu root sequence with no cyclic shift would be enough to support TA between SSs. What means is that SD2DSS waveform is also common to every UE.



Figure 3: LTE random access preamble format to support TA.

In order to support TA between SSs, we may reuse LTE PRACH Configuration format 4 or define a new waveform using Zadoff-Chu (length FFS). Figure 4 shows one possible example for SD2DSS sequence mapping and waveform where it is assumed that the lengths of CP () and GT () are the half of the sequence length () and the subcarrier spacing of SD2DSS is the same as the data case ().



Figure 4: SD2DSS waveform for TA

4.3 TA procedure

In Figure 5, UE1 and UE2 acquires synchronization using D2DSS/PD2DSCH from SS3. SS3 derives synchronization from SS2 and SS2 from SS1. If there is no TA between SSs, the propagation delay is accumulated.

TA can be done with the following procedure. 
SS2 may request SS1 of TA by transmitting PD2DSCH and SD2DSS where PD2DSCH contains TA request information. Then, SS1 can measure delay using SD2DSS from SS2. SS1 informs SS2 of measured value and SS2 adjusts its timing.



Figure 5: Synchronization relay.

· Proposal 2: TA between SSs is required. TA between SS and UE is not required.
· Proposal 2a: SD2DSS should be used to support TA.
· Proposal 2b: The time-frequency resource for SD2DSS is only occupied by SD2DSS sequence. Other subcarriers should not be loaded (NULL).

5 Link Level Simulation Result

Based on the above discussions, we propose:

· Proposal 1: AGC, Frame timing acquisition, and AFC should be done in the time domain using a number of identical short OFDM symbols.
· Proposal 1a: The time-frequency resource for PD2DSS is only occupied by PD2DSS sequence. Other subcarriers should not be loaded (NULL).
· Proposal 1b: PD2DSS waveform should be common. SS ID should be identified using PD2DSCH. We need to define PD2DSCH.
· Proposal 2: TA between SSs is required. TA between SS and UE is not required.
· Proposal 2a: SD2DSS should be used to support TA.
· Proposal 2b: The time-frequency resource for SD2DSS is only occupied by SD2DSS sequence. Other subcarriers should not be loaded (NULL).

6 Link Level Simulation Result

We consider PD2DSS waveform consists of ten 1/4-length identical OFDM symbols as in Figure 4. We evaluate timing and frequency performances under noisy channel. For timing estimation, time-domain matched filter that is matched to a special known training symbol is used. For frequency offset estimation, time-domain frequency estimation algorithm using repeated short symbols is used.

From the simulation result, we think that AGC, Frame timing acquisition, and AFC can be well achieved within ten 1/4 identical symbol periods.

6.1 Frame timing acquisition

Figure 6 shows link level frame timing acquisition performance.

[image: ]
Figure 6: Link-level performance of frame timing acquisition using repeated short symbols (: LTE basic time unit.

6.2 AFC

Figure 7 shows link level frequency offset estimation performance.

[image: ]
Figure 6: Link-level performance of AFC using repeated short symbols.
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