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1 Introduction

At the previous RAN1 WG meeting, it was agreed that both primary (PD2DSS) and secondary (SD2DSS) D2D synchronization signals will be specified. In this contribution, we discuss design details of secondary D2D synchronization signal (SD2DSS). Up to date, the following working assumption and agreements were made at the RAN1#74bis and RAN1#78 meetings respectively:
RAN1#74bis Working Assumption:
· For SD2DSS
· Sequence:
· SD2DSS is an M sequence.
· Length is FFS.
RAN1#78 Agreement:
· 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.
In this contribution, we discuss remaining details of the SD2DSS design, while our views on other synchronization aspects are presented in companion contributions [1]-[4] and [9]-[12].
2 SD2DSS Design
2.1 Information Carried by SD2DSS

In LTE, SSS sequences are used to carry information representing the physical-layer cell-identity group - a number
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in the range of 0 to 167. The combination of PSS and SSS are used to encode the cell identity and differentiate TDD/FDD spectrum. Additionally the cellular SSS is used to detect frame timing boundary. The sequence d(n) used for the secondary synchronization signal is an interleaved concatenation of the two length-31 binary sequences s0(n) and s1(n), which are derived from the same m-sequence (m = 5) by cyclic shift. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.
The TDD/FDD encoding by D2DSS is not necessary since TDD configuration needs to be transmitted in PD2DSCH. Frame timing encoding is also not necessary if the position of SD2DSS within LTE frame is predefined by specification or pre-configured. In addition, it may be explicitly pre-defined which subframe in LTE frame carriers the PD2DSS/SD2DSS signals for each UL-DL configuration.

The SD2DSS may encode identity of the synchronization source (SSID), which identifies synchronization area and/or particular synchronization source. The linkage between L1 SSID and upper layer identifiers may be defined by RAN2 WG. Alternatively the SSID may be selected by UE from the available or preconfigured SSID set. The amount of SD2DSS sequences N may be further reduced, if it is seen unnecessary to have all 168 sequences.
Observation 1
· The amount of SD2DSS sequences can be reduced comparing to SSS set.
Proposal 1
· SD2DSS carries information about synchronization source identity.
2.2 Physical Structure

The main reported disadvantage of SSS sequences is rather high PAPR and CM value [6]. In [6], it was proposed to reduce the SSS PAPR/CM by applying DFT pre-coding, however this proposal was ruled out by RAN1 WG. The drawback of this approach is that magnitude of the DFT pre-coded SSS signal will not be flat in frequency domain, which is not desirable from channel estimation perspective. Another proposal that was suggested in [7] is to reduce the transmission power of SD2DSS symbols on a few dBs. It was taken as a FFS till the RAN1#78bis meeting. However this approach obviously negatively affects the SD2DSS performance in terms of detection, carrier frequency offset estimation, fine timing and channel estimation.
In this document, we consider the following additional options:
Option 1. Use the subset of SSS sequences with low PAPR/CM. It should be noticed that for SD2DSS signals the auto and cross-correlation requirements can be relaxed relative to the PD2DSS since the coarse timing and frequency offset can be already estimated and compensated at the receiver.
Option 2. Reduced power of SD2DSS relative to PD2DSS transmission may be based on two options:
· Option 2a. SD2DSS power spectral density reduction. In this case, the additional tones are added to the existing SSS sequences set aiming to minimize either PAPR or CM value. Current SSS signals occupy 62 active subcarriers excluding DC. The SSS sequences can be extended by adding up to 10 or more tones with optimized phase/amplitude, to minimize the PAPR or CM of SD2DSS. These tones can be also utilized to align SD2DSS physical structure with 6 PRBs allocation size which was agreed for PD2DSCH channel transmission.
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Figure 1: Spectrum expansion tones to minimize PAPR and CM of SSS sequences.
· Option 2b. SD2DSS total power reduction relative to PD2DSS. The weakness of this approach is that it results in performance loss of any processing that relies on the SD2DSS processing. Another disadvantage is that power reduction needs to be sequence specific, since different sequences have different value of PAPR or CM. The sequence specific power reduction will complicate receiver behavior for all kinds of SD2DSS processing. Note, that power reduction may not be needed if UE does not utilize maximum power. However, UE receiver may not always be aware about power settings of the D2D TX and thus it may need to blindly detect if power reduction is applied.
Observation 2
· The reduction SD2DSS transmit power or power spectral density should not be SD2DSS-sequence specific in order to avoid blind decoding of the power reduction level and simplify SD2DSS processing.
2.3 On Scrambling of SD2DSS Sequences
The SSS sequence 
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 used for the second synchronization signal is an interleaved concatenation of two length-31 binary sequences 
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. The concatenated sequence is scrambled with a scrambling sequence 
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 and applied to odd elements only. The combination of two length-31 sequences defining the secondary synchronization signal differs between subframe 0 and subframe 5 according to the following equation:
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For SD2DSS signals, the scrambling 
[image: image13.wmf])

(

0

n

c

 and 
[image: image14.wmf])

(

1

n

c

based on primary synchronization signal can be omitted if PD2DSS does not encode 
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  it may be preserved to improve detection reliability of the concatenated sequence.
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Proposal 2
· SD2DSS sequences are formed from concatenation of two length-31 binary sequences 
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 dependent scrambling only.
· The Rel.8 swapping mechanism introduced for frame timing detection can be re-used to differentiate synchronization source type or encode any other information.
2.4 PAPR and CM of SD2DSS Signal

In this section, we analyse PAPR and CM for different types of SD2DSS signals based on SSS sequences using SC-FDM mapping. We analyse the following options to construct SD2DSS signals from SSS sequences.
1) Legacy Rel.8 set - full set of 1008 = 2{subframes # 0, 5} x 168 {
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} Rel.8 SSS sequences including scrambling (62-length);
2) Legacy Rel.8 subset  - subset of 336 = 2{subframes #0, 5} x 168 {
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} Rel.8 SSS sequences w/o 
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 dependent scrambling (62-length);
3) Legacy Rel.8 set with additional tones minimizing CM. In this case, the 10 BPSK modulated symbols with phases optimized to reduce CM (or PAPR) are mapped at the edges of SSS sequence transmission bandwidth (see Figure 1).
4) Legacy Rel.8 subset with additional tones minimizing CM. In this case, the 10 BPSK modulated symbols with phases optimized to reduce CM (or PAPR) are mapped at the edges of SSS sequence transmission bandwidth (see Figure 1).
For the sake of comparative analysis, we also study the PAPR and CM for QPSK modulated SC-FDM data transmission occupying 6 PRBs and having random payload. Note that 6 PRBs physical structure was agreed for PD2DSCH channel. The CDF of the PAPR and CM values for considered SD2DSS options is presented in Figure 2.
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Figure 2. PAPR (left side) and CM (right side) for different SD2DSS sequences
As it can be seen from the presented above figures, the legacy SSS sequences have large variation of the PAPR and CM. The spread of PAPR and CM values slightly reduces if legacy subset of the SSS sequences w/o 
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 dependent scrambling is used. At the same time, the utilization of additional tones with optimized phase provides significant PAPR and CM reduction.
Observation 3
· The PAPR/CM of SD2DSS signals can be improved by using additional tones which phase minimizes PAPR and/or CM:

· For legacy SSS set, the usage of 10 BPSK modulated tones reduces the CM on 1-3dB.

· For legacy SSS subset, the usage of 10 BPSK modulated tones is sufficient to bring the CM/PAPR values of SD2DSS signals to the CM/PAPR range of the QPSK modulated SC-FDM transmission occupying 6 PRBs
Proposal 3
· The 10 additional BPSK modulated tones are used to reduce the PAPR/CM of SD2DSS signals derived from SSS sequences.
· The phase of additional tones is optimized to reduce CM.

2.5 Mapping to Resource Elements
The SSS sequence may use interlaced or non-interlaced mapping to the physical resource elements. The additional tones can be located at the predefined positions (e.g. at the left and right sides from REs used for SSS). The modulation of additional tones and their position in the spectrum may be predefined by specification or left up to UE implementation.
2.6 On Power Reduction Relative to PD2DSS

The cubic metric (CM) provides the possibility of estimating the power de-rating to reduce the nonlinear interference. However, the high level of power de-rating can reduce the efficiency of PA. The level of power de-rating, Maximum Power Reduction (MPR) and additional MPR (A-MPR) are introduced in 3GPP RAN4 specification [36.101]. The A-MPR values (~1-3dB) can be applied in addition to the allowed MPR requirements (~ 1dB) and can be used by UE to meet additional ACLR and spectrum emission requirements signalled by the network. Therefore to control the level of emission caused by non-linear distortion the maximum power of UL transmissions can be reduced in up to 4dB. Clearly that 4dB power reduction significantly reduces the SD2DSS operation range.
Observation 4
· The MPR values for uplink transmissions are defined by RAN4 WG specifications.

· The MPR values of SD2DSS signal may depend on:

· the physical structure of the SD2DSS signal (e.g. bandwidth, frequency allocation, modulation);

· the parameters of the power amplifier (e.g. V1dB, VIP3);

· the MPR requirements and CM values for SC-FDM QPSK modulated uplink transmissions occupying 6 PRBs;

· the MPR requirements and CM values of PD2DSS signals (to be agreed by RAN1).
As long as RAN1 WG discusses mechanism of the reduced SD2DSS power/power spectral density relative to PD2DSS, we note that power de-rating of SD2DSS relative to PD2DSS can be roughly estimated as the difference between SD2DSS and PD2DSS cubic metrics. According to our analysis in [1], the CM for PD2DSS varies in the range from 0.5 to 3.5 dB depending on the ZC sequence root indexes (still to be adopted by RAN1 WG). At the same time, the CM for QPSK modulated and DFT pre-coded SC-FDM transmission occupying 6 PRBs is in the range from 0.5 to 2.5dB in case of randomly generated sequences. In our view, this CM range should be a target for both PD2DSS and SD2DSS signals. In addition, we believe that fixed level of power reduction relative to PD2DSS should be applied to all SD2DSS sequences in order to avoid additional complexity of SD2DSS detection.
2.7 Reduced Set of SSS
In order to reduce complexity of the SD2DSS detection processing, the reduced set of SSS sequences can be used. For instance legacy, the Rel.8 subset of 336 sequences as described in section 2.4 can be recommended. The amount of sequences can be further reduced to improve CM and PARP properties of SD2DSS signals if needed.
Proposal 4
· For SD2DSS signal, use reduced subset of SSS sequences composed of not more than 336 sequences.
2.8 SD2DSS Performance Summary

The performance analysis of the proposed SD2DSS design was analyzed in terms of SSID detection. In addition, we evaluated residual frequency offset error by processing both PD2DSS and SD2DSS signals, assuming PD2DSS and SD2DSS mapping as described in [2]. The whole set of evaluation results is given in the Appendix B.
3 Conclusions
In this contribution, we provided our views on SD2DSS signal design. Our analysis shows certain constraints for direct reuse of SSS sequences, due to large PAPR and CM values, which are substantially larger than for QPSK modulated and DFT pre-coded signals with similar bandwidth. In order to avoid this drawback, we suggest to use additional tones to reduce the CM to the target range. In addition, we propose to substantially reduce the amount of SD2DSS signals for D2D synchronization. 
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Appendix A - SD2DSS Performance Analysis

In this section, we provide evaluation results for the proposed SD2DSS design. We analyse SD2DSS detection error and residual carrier frequency offset error assuming single shot processing. From the statistic, we exclude cases when timing detection is not accurate, i.e. outside of the half CP duration window relative to correct timing.
SD2DSS Detection

The link level evaluations for SD2DSS detection is shown in Figure 3 using non-coherent two part correlation in frequency domain. 

[image: image30.emf]-137 -136 -135 -134 -133 -132 -131 -130 -129 -128

10

-2

10

-1

10

0

SD2DSS Detection Error Probability, 

 Freq.Offset = 



 -40..40 KHz, IMT-A NLOS, 3km/h, 2 RX, 336 Hypotheses

MCL, dB

Probability

 

 


Figure 3. SD2DSS detection error after PD2DSS processing.

Residual Frequency Offset Estimation

The link level evaluations for residual carrier frequency offset estimation are shown in Figure 4. For current analysis we assumed practical timing estimation algorithm (see [1] for more details) and that coarse frequency offset is compensated after PD2DSS processing. The accuracy of coarse frequency offset estimation using PD2DSS signals was provided in [1].
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Figure 4. Residual frequency offset error after PD2DSS + SD2DSS processing.
As it can be seen from the link level evaluation results presented in Error! Reference source not found. and Figure 4 the both performance metrics satisfy the target SD2DSS design requirements.
Appendix B – Link Level Simulation Assumptions

In this section, we provide the list of main simulation assumptions used for PD2DSS/SD2DSS link level analysis. The main parameters are summarized in Table 1.

Table 1: Main link-level simulation assumptions.

	Parameter
	Value

	Carrier frequency
	2GHz

	Carrier frequency offset
	±40KHz, random uniform distribution

	UE antennas
	2 antennas, correlated, co-polarized

	Channel model
	AWGN, IMT-Advanced UMi, modified according to [8]

	System bandwidth
	10 MHz

	FFT size 
	1024

	UE speed
	{3 km/h, 3km/h}
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