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1
Introduction

This contribution discusses about D2DSS design. First we review shortly processing requirements for the normal LTE cell detection/search functionality and provide our view on the design principles to be applied for D2D transmission detection assuming similar logic between the two to have primary and secondary synchronization signals, namely PD2DSS and SD2DSS in D2D. Then we discuss about synchronization signal generation by using a cubic metric analysis between OFDM and SC-FDMA generated PD2DSS and SD2DSSs.  
2
Discussion
2.1
Design Principles
In out of coverage a D2D UE needs to search and try to detect transmissions from other UEs possibly without any prior information whether or not there are any other transmitting UEs in proximity. Compared to the current LTE system the synchronization requirements of such a system are significantly different. 

The LTE UE cell search and synchronization is based on assumption that periodic synchronization signal (SS), reference signal (RS) and broadcast channel are transmitted. The periodic transmission allows longer time to search the synchronization. At the same time, there exist a large number of parameters that needs to be evaluated. The following main parameters need to be detected in current LTE system before being ready to receive any data transmission [1], [2] and [3]:

· Primary and secondary SS signals define cell ID (3*168 = 504 IDs)

· 2 frame structures

· 2 CP lengths

· Transmit antenna configuration for CRS and broadcast channel

· Carrier frequency on 100 kHz carrier raster on supported bands [3].

Clearly finding an active carrier requires significant amount of processing and multiple subframes time in order to arrive at correct parameter combination. The LTE system requires and allows multiple subframes to be spent to search of the active transmission because after the cell is found, the active transmission is fixed to the parameters for a very long time enabling the small overhead.

Observation 1: Cell search and synchronization in current LTE system has long time budget but lot of parameters to detect.

However, in the out of coverage D2D system the synchronization and search of the transmission must be performed in very short time budget. In the worst case, it has to be performed separately for each subframe of transmission without any prior information. Hence, the extensive set of parameters must be simplified in order to reduce complexity. 

Observation 2: Transmitter search and synchronization for the out of coverage D2D UE must be done in very short time budget requiring limited set of parameters.

To simplify searcher operation and limit the complexity it is considered that the following basic principles should be followed:

Proposal 1: Adopt the following principles for the synchronization design in D2D communication:
· Limit requirements related to channel raster, not to force UE to search 100 kHz carrier raster as in the current LTE downlink for supported bands. Supported carrier frequencies could be e.g. pre-configured in public safety applications.
· Limit the candidate frequency resources on which the synchronization signals for initial signal detection and synchronization are always transmitted. Do this even if frequency domain hopping is used for data.

· Limit the number of possible primary and secondary synchronization signals.

· No real justification to identify UE from synchronization signals exists similarly as eNB in physical layer – UE identification to be done in higher layers.
· Select one cyclic prefix length motivated by the coverage targets by public safety system.
It should be noted that it has been agreed in RAN1 #76 that

· Both extended CP length (512Ts) and normal CP length (144 Ts) are supported in the specifications for D2D communication and discovery

· FFS: details of how to set the CP length 
However, support of both normal CP and extended CP for communication and discovery does not necessary result in necessity of supporting both normal and extended CP for D2D synchronization signals. We may still have a single CP length for the synchronization signals and have different CP length for communication and discovery. This will allow reduction of the number of hypothesis for synchronization signal detection.
2.2
Primary Synchronization Signal Generation

It was agreed that D2D SS comprises of at least PD2DSS and this should be based on Zadoff-Chu sequence similar to PSS in downlink LTE. The main motivation of reusing the design principle (if not the entirety of the design) of PSS in downlink LTE is to allow UEs to reuse the detection hardware implemented for LTE downlink and reduce UE implementation impact. 
The downlink PSS was designed for OFDMA which skips the DC subcarrier tone, whereas the SC-FDMA does not have any skipping tone and implements a ½ subcarrier shift. Thus if we were to directly apply the PSS sequence to be mapped in the frequency domain (without the DFT transform precoding), it would result in a different time domain sequence compared to PSS sequence sent over OFDMA. Furthermore, PSS sequence sent in SC-FDMA waveform (without the DFT transform precoding) results in higher cubic metric (CM) compared that with PSS in OFDMA.

Figure 1 shows the cumulative distribution of CM of QPSK data symbols in SC-FDMA waveform and CM of downlink PSS sequences in OFDMA and SC-FDMA (without DFT transform precoding). We assumed that QPSK data symbols are sent in the center 6 RBs. It is also to be noted that UL DM RSs (without DFT transform precoding) and that are Zadoff-Chu sequences achieve CM ranging close to 0 dB up to 2.6 dB per transmission bandwidth. In other words, there are reference signal sequences used as UL DM RS sequences (depending on group number and base sequence within a group) that achieve lower CM than QPSK data symbols in SC-FDMA. 
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Figure 1. Cubic metric of QPSK data information in SC-FDMA and PSS in OFDMA and SC-FDMA waveform
Therefore, utilizing PSS in SC-FDMA means that we would be throwing out the very motivation to choose ZC sequence as the basis of PD2DSS, as we know that there are far better methods to design SS sequence that have low CM (e.g. computer generated).

Observation 3: UL DM RS sequences, that are Zadoff-Chu sequences and sent without DFT transform precoding, can achieve lower CM than QPSK data symbols in SC-FDMA. 
Proposal 2: PD2DSS are OFDM based in D2D and are based on downlink PSS sequences. 
2.2
Secondary Synchronization Signal Generation

Similar to the motivation of using PSS for PD2DSS, we should confirm the working assumption that SD2DSS should be based on downlink SSS. Use of both PSS and SSS would allow full reuse of the detection hardware implemented for LTE downlink and reduce UE implementation impact.
As SSS in downlink was never designed to have low CM values, we would need to check if there exist set of SSS sequences that can achieve low CM.
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Figure 2. Cubic metric of SSS in OFDMA waveform
Figure 2 shows the cumulative distribution of CM of SSS in OFDMA waveform. We can see that about 90% of the SSS sequences have high CM compared with PSS. Therefore only 10% of the SSS may be usable for SD2DSS. The maximum CM of PSS based on OFDMA structure is 2.8459 dB. From our analysis there are 45 subframe #0 SSS sequences and 50 subframe #5 SSS sequences that are below CM of 2.8459 dB.
As D2D communications and discovery are based on broadcast signaling without any L1 feedback, we may not require all 504 physical identities to be represented by D2DSS. In fact, limiting the number of D2DSS sequences can improve detection performance and reduce implementation complexity.
Observation 4: About 45 SSS sequences have lower cubic metric than PSS.

Although it was agreed as an working assumption that SD2DSS (if exists) would be based on M-sequence, there were some discussions on use of ZC sequences for SD2DSS, primary for low CM reasons, in RAN1 #76. Some alternative candidates for SD2DSS are extended PSS (i.e. using other PSS root sequences not used) and uplink DM-RS.
However, it should be noted that use of extended PSS or DM-RS for SD2DSS completely destroys the PSS/SSS structure and forces complete re-design of the D2D synchronization hardware. Furthermore, we can see that from Figure 3 that extended PSS does not necessary have low CM properties. In fact out of the total 63 roots sequences available, only 38 root sequences have lower CM than 2.8459 dB. Some root sequences have CM of higher than 11dB.
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Figure 3. Cubic metric of extended PSS in OFDMA waveform
Given that there are approximately more than 45 SSS sequences with low CM and use of downlink PSS/SSS sequence and structure allows the reuse of the detection hardware implemented for LTE downlink, we should confirm the working assumption that SD2DSS (if exist) should be based on downlink M-sequence. More specifically, SD2DSS should be based on the downlink SSS sequences.
Observation 5: PD2DSS/SD2DSS based on PSS/SSS in LTE downlink allows complete reuse of synchronization detection hardware for a UE and minimizes implementation impact.

Proposal 3: SD2DSS are OFDM based in D2D and are based on downlink SSS sequences.
Proposal 4: SD2DSS should be selected from pool of SSS sequences that have lower CM than 2.8459 dB.
3
Conclusions

In this paper, we discussed about synchronization design principles and synchronization signal design together with the following observations and proposals. 
Observation 1: Cell search and synchronization in current LTE system has long time budget but lot of parameters to detect.
Observation 2: Transmitter search and synchronization for the out of coverage D2D UE must be done in very short time budget requiring limited set of parameters.
Observation 3: UL DM RS sequences, that are Zadoff-Chu sequences and sent without DFT transform precoding, can achieve lower CM than QPSK data symbols in SC-FDMA.
Observation 4: About 45 SSS sequences have lower cubic metric than PSS.
Observation 5: PD2DSS/SD2DSS based on PSS/SSS in LTE downlink allows complete reuse of synchronization detection hardware for a UE and minimizes implementation impact.

Proposal 1: Adopt the following principles for the synchronization design in D2D communication:

· Limit requirements related to channel raster, not to force UE to search 100 kHz carrier raster as in the current LTE downlink for supported bands. Supported carrier frequencies could be e.g. pre-configured in public safety applications.

· Limit the candidate frequency resources on which the synchronization signals for initial signal detection and synchronization are always transmitted. Do this even if frequency domain hopping is used for data.

· Limit the number of possible primary and secondary synchronization signals.

· No real justification to identify UE from synchronization signals exists similarly as eNB in physical layer – UE identification to be done in higher layers.

· Select one cyclic prefix length motivated by the coverage targets by public safety system.

Proposal 2: PD2DSS are OFDM based in D2D and are based on downlink PSS sequences. 
Proposal 3: SD2DSS are OFDM based in D2D and are based on downlink SSS sequences.
Proposal 4: SD2DSS should be selected from pool of SSS sequences that have lower CM than 2.8459 dB.
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