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1 Introduction

In this contribution, we discuss details of synchronization signal (D2DSS) for D2D communication and discovery. At the last RAN1 WG meeting, it was agreed that both primary (PD2DSS) and secondary (SD2DSS) signals will be specified. In addition, the following working assumption was made:
· A synchronization resource contains

· In a sub-frame:

· FFS whether 1 or 2 symbols are PD2DSS

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices

· FFS whether 1 or 2 symbols are SD2DSS

· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS

· Exact symbol locations are FFS

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency – FFS if root indices are same or different than Rel-8 PSS root indices (note that if OFDM and Rel-8 PSS root indices, then the waveform would be the same as Rel-8 PSS)

· FFS: if PD2DSS is OFDM or SC-FDM without DFT pre-coding

· FFS if SD2DSS is OFDM or SC-FDM

· If SD2SS is SC-FDM, FFS if it is DFT pre-coded

In this contribution, we provide our views on the D2DSS design while synchronization resources and procedure are described in our companion contributions [5]-[6].
2 D2DSS Design
The D2DSS physical structure should facilitate accurate measurements of the timing and carrier frequency offset. The synchronization signal processing can be divided into two phases/stages: the initial synchronization (initial acquisition) and fine synchronization tracking. For initial synchronization, it is desirable to have a one or a few common synchronization signal(s) in order to simplify the initial timing estimation and coarse carrier frequency offset estimation. For this purpose the PD2DSS signal can be designed to facilitate initial detection, timing and coarse carrier frequency offset estimation. The SD2DSS signal can be further exploited for fine timing/carrier frequency offset estimation as well as to encode some of the information about synchronization source to extend system functionality. Beside synchronization functions it is important to decide which signal will be used for demodulation of D2D synchronization channel (PD2DSCH).
2.1  Information Encoded by D2DSS

In our view, the following information may be carried by D2DSS signals:
· Sync source type – Defines whether the synchronization is propagated from eNB or independent synchronization source.

· Sync source identity – The identity of the original synchronization source may be at least partially encoded by D2DSS.
· Hop count – Defines the hop count value of the synchronization source.

2.2 PD2DSS

The amount of different PD2DSS signals should be small in order to reduce complexity of the initial acquisition. In LTE system, the primary synchronization signal (PSS) encodes information about the physical-layer identity NID(2) = 0, 1, 2 which is represented by three ZC sequences with different root indexes.
For initial synchronization derived from the UE (synchronization source), there is no need to encode NID(2) into D2DSS signals. The knowledge of the synchronization source type and hop count (for multi-hop synchronization procedure) is more important to perform proper selection of the synchronization source for D2D transmit timing and adjust the reception window following the predefined synchronization procedure. If this information is available, then initial acquisition can be decoupled from other processing tasks ongoing at the UE terminal and may be done independently.

Information Carried by PD2DSS
At the previous RAN1 WG meeting, it was agreed that the set of D2DSS signals transmitted by a UE is divided into two groups: D2DSSue_net (transmission timing reference is an eNB) and D2DSSue_oon (timing reference is not an eNB).
The initial synchronization with in-coverage UE or eNB and out-of coverage UEs will require different number of hypotheses testing in terms of carrier frequency offset. The in-coverage UE propagating timing from an eNB will be synchronized to the eNB carrier frequency within +/-0.1 ppm, according to the current requirements on waveform quality. Given that eNB carrier frequency offset is within +/-0.1 ppm from the actual carrier frequency the overall frequency offset between in-coverage and out of coverage UEs will be mainly determined by the carrier frequency offset of the out of coverage UE, i.e. around +/-10.2 ppm. On the other hand the relative frequency offset between out of coverage UEs can be up to +/- 20ppm. Therefore the amount of hypothesis for initial timing estimation between out of coverage UEs is doubled. In order to keep the same complexity of initial timing and coarse carrier frequency offset estimation the at most two new PD2DSS sequences can be introduced. These sequences can be used to differentiate original synchronization source (eNB or I-SS). Further increase of the amount of PD2DSS sequences may increase the initial timing estimation complexity.
In case of multi-hop synchronization procedure, the PD2DSS can be also used to encode hop count value. We assume that UE doing initial scanning for synchronization sources will start from eNB and if eNBs are not detected it may scan for UE based synchronization sources according to the hop count priority order. Other important consideration is that out-of-coverage UEs may look only for in-coverage synchronization sources to enable connection to the network through relaying. These UEs may not be interested in the presence of the out-of-coverage synchronization sources. On the other hand, it may be advantageous if the detection of out of coverage synchronization sources does not require substantial redesign of the UE implementation, and may benefit if the physical structure of the PD2DSS signals takes this into account.

Observation 1
· The PD2DSS design can be used to differentiate synchronization source type (transmit timing reference is eNB or independent synchronization source) and synchronization hop count.
· The PD2DSS design should facilitate simple detection of in-coverage and out-of-coverage synchronization sources.
Proposal 1
· Select among the following two alternatives for PD2DSS design:

· Alt. 1. PD2DSS encodes synchronization source type and synchronization hop count;

· Alt. 2. PD2DSS encodes synchronization source type only (i.e. D2DSSue_net and D2DSSue_oon);
The benefits of Alt. 1 is that multi-hop synchronization procedure can be decoupled from other D2D processing tasks, e.g. PD2DSCH decoding, etc. The Alt. 2 can be used to simplify initial acquisition procedure, however will require encoding of the hop count by either SD2DSS or PD2DSCH. The encoding of the hop count by SD2DSS may not be desirable since SD2DSS can be used to carry at least partial information about synchronization source identity and thus encoding of additional information may increase the number of hypotheses and decrease performance. The PD2DSCH may be used to carry hop-count information, however in this case the same synchronization procedures for partial and out of coverage scenarios are desirable. In order to reduce the overhead of PD2DSCH channel the hop count information may be carried by masking CRC of PD2DSCH content similar to CRC mask for PBCH.
Waveform Format

The existing PSS signals for cellular communication use OFDM waveform and occupy 62 subcarriers located symmetrically around the DC carrier, which is not occupied. The use of the OFDM waveform for PSS is natural since the DL transmissions also use OFDM waveform. For D2D communication, the SC-FDMA waveform was agreed for data and control channels. In SC-FDMA waveform, the additional carrier frequency offset equal to the half of the frequency subcarrier spacing is applied at the TX side.
Following the agreement on SC-FDM waveform for D2D communication and discovery, we suggest to use SC-FDM waveform for PD2DSS transmission as well.
Proposal 2
· The SC-FDM waveform is used for PD2DSS transmission.
Physical Structure

The SC-FDM waveform has additional phase rotation, emulating carrier frequency offset equal to the half subcarrier spacing. In DL, the PSS signal is symmetrical relative to DC and occupies 62 central subcarriers. For generation of the primary D2D synchronization signal using SC-FDM waveform, the sequence can be mapped sequentially on the central band subcarriers without puncturing the DC. In order to keep the central symmetry of the SC-FDM waveform, the PD2DSS sequence should be also symmetrical. The central symmetry of PD2DSS signal in time requires that the PD2DSS sequence has even length. Taking this fact into considerations the following PD2DSS sequence lengths can be considered:
· Option 1. 62 length sequence. This design option has the length of the current PSS/SSS sequences and thus has similar physical structure. The potential weakness of this sequence length is that it is not aligned with the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil condition
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 is a set of non-negative integers.
· Option 2. 64 length sequence. This sequence length can be also considered in case of SC-FDM waveform and is compatible with the potential DFT sizes.
· Option 3. 72 length sequence (6 PRBs). The 72 length sequence is aligned with the 6 PRB allocation size and can be advantageous in case of SC-FDM waveform. For instance if PD2DSS/SD2DSS are transmitted in the same subframe and are used for PD2DSCH demodulation then this sequence length may be more suitable, since it is aligned with the 6 PRB PUSCH structure which is supposed to be used for PUSCH.
Discussion on DFT Pre-coding
In our view, there is no need to introduce additional DFT pre-coding step for PD2DSS generation/transmission, which is also consistent with current synchronization and demodulation reference signals used in LTE. The PD2DSS sequence itself can be designed to satisfy low values of PAPR and cubic metric. In addition, the PD2DSS magnitude in frequency domain needs to be flat, which may not be the case if DFT pre-coding is applied (unless special sequences are designed, e.g. ZC).
Proposal 3
· The DFT pre-coding is not applied for PD2DSS generation.

· The PD2DSS sequence is designed to have similar PAPR and CM metrics as PSS.

PD2DSS Signal Design

As it was reported in [3], [4], the ZC-based sequences characterized by ambiguity peaks in the presence of large carrier frequency offsets [2]. The ambiguity problem degrades synchronization performance and/or increases complexity of the initial synchronization for time and carrier frequency offset estimation [4], especially in out of coverage scenarios, when initial frequency offset between UEs is large. At the last RAN1 WG meeting, it was discussed whether the PSS signals with the same or different Rel-8 PSS root indexes can be used for PD2DSS. One of the proposals was to add new root index to the existing PSS signals. However the new root index will not resolve the ambiguity problem in case of large carrier frequency offset. According to our analysis in [4], the ZC based sequences are sensitive to large carrier frequency offsets and thus the reuse of PSS sequences is not desirable due to ambiguity peaks. Additionally, as it was also mentioned by some companies the reuse of PSS signals in case of TDD may also confuse operation of legacy UEs performing cell scanning. Therefore we suggest to change the PD2DSS sequences by keeping the similar physical structure. In order to avoid drawbacks of ZC based sequences, the new non-ZC based sequences should be designed for PD2DSS. In particular, we propose to use QPSK and centrally symmetric PD2DSS sequences as an alternative solution.

Table 1 proposes the new PD2DSS sequence design which is immune to large carrier frequency offset, has low peak to average power ratio (PAPR), cubic metric (CM) and poses good auto (AC) and cross-correlation (XC) properties in a wide carrier frequency offset range. In order to simplify differentiation of in-coverage and out of coverage synchronization sources and minimize amount of PD2DSS sequences the complex conjugation of the proposed set of sequences can be applied.
Proposal 4
· Reconsider working assumption that Rel-8 PSS sequences are used for PD2DSS due to identified ambiguity peaks of cross-correlation function in case of large carrier frequency offset.
· The PD2DSS sequence is QPSK-modulated.

· The PD2DSS sequence has central symmetry property.

· Complex conjugation of PD2DSS is used to simplify differentiation of in-coverage and out of coverage synchronization sources.
Table 1: PD2DSS sequence encoding for different length alternatives.

	Seq. #
	Hop count
	Bit sequence in hexadecimal format 1)
	PAPR, dB
	PSL2), dB
	CM3), dB
	Max AC4), dB
	Max XC4), dB
	Max XC w/PSS 4), dB
	Max XC w/DMRS 4), dB

	Sequence Length 62

	Alt. 1. PD2DSS encodes synchronization source type and synchronization hop count

	0
	0
	0x5F4EC36E12BE6400
	3.8
	12.5
	1.4
	-10.2
	-9.7 /
-9.9
	-9.6 /
-9.6
	-8.0/-8.1

	1
	1
	0x06ABDD184D7112C0
	3.9
	12.3
	1.5
	-10.8
	-9.8 / 
-9.7 
	-10.0 /

-10.0
	-8.1/-8.1

	2
	2
	0x109E0BB16C3CD500
	4.0
	12.9
	1.3
	-10.2
	-9.9 / 
-9.7
	-9.8 /
-9.8
	-8.7/-8.7

	3
	3
	0x085D45917AF63CC0
	3.7
	14.3
	1.4
	-10.1
	-9.7 / 
-9.8
	-9.7 /
-9.7
	-7.6/-7.7

	Alt. 2. PD2DSS encodes synchronization source type only (i.e. D2DSSue_net and D2DSSue_oon);

	
	NA
	0x03C4C18B35F9BA80
	3.7
	12.9
	1.5
	-10.1
	-11.3
	-9.8/-10.0 
	-8.0/-8.0

	Sequence Length 64

	Alt. 1. PD2DSS encodes synchronization source type and synchronization hop count

	0
	0
	0x40BBD6F78C44D434
	4.0
	12.2
	1.5
	-10.0
	-10.0 /
-10.2
	-11.0 /
-11.0
	-8.4/
-8.4

	1
	1
	0x8AAC626FC23F1E40
	4.0
	14.1
	1.2
	-10.6
	-10.0 /
-10.0
	-10.1 / 
-9.2
	-7.5/
-7.5

	2
	2
	0xBE52C5F3B751D600
	4.0
	12.7
	1.4
	-10.1
	-10.0 /
-10.2
	-8.9 / 
-10.2
	-8.4/
-8.4

	3
	3
	0x406615CB4C4ABE14
	4.0
	13.9
	1.3
	-10.0
	-10.0 /
-10.0
	-10.6 / 
-10.6
	-7.5/
-7.5

	Alt. 2. PD2DSS encodes synchronization source type only (i.e. D2DSSue_net and D2DSSue_oon);

	
	NA
	0xC08FE1E438D19244
	3.7
	12.4
	1.1
	-10.1
	-10.1
	-10.4/
-10.4
	-9.1/-9.1

	Sequence Length 72

	Alt. 1. PD2DSS encodes synchronization source type and synchronization hop count

	0
	0
	0x11BB87D288221E48D3
	3.8
	13.2
	1.4
	-10.2
	-9.3 /
-9.3
	-10.5 /
-10.0
	-8.0/-8.0

	1
	1
	0x28D814E58D7DB142E9
	4.0
	13.4
	1.6
	-10.5
	-9.9 /
-9.3
	-10.2 / 
-10.2
	-8.0/-8.0

	2
	2
	0xF7913B5C52349EFAE7
	4.0
	13.1
	1.8
	-10.2
	-10.1 /
-10.1
	-11.3 / 
-11.3
	-8.2/-8.2

	3
	3
	0xF908609135C4AC5FC1
	4.0
	13.3
	1.4
	-10.3
	-9.9 /
-9.3
	-10.6 / 
-10.6
	-8.0/-8.0

	Alt. 2. PD2DSS encodes synchronization source type only (i.e. D2DSSue_net and D2DSSue_oon);

	
	NA
	0x28D814E58D7DB142E9
	4.0
	13.4
	1.6
	-10.5
	-10.1
	-10.2 / 
-10.2
	-8.0/-8.0


1) The following bit to QPSK mapping is used: 00 → -1, 01 → j, 10 → -j, 11 → 1. Due to proposed central symmetry property of PD2DSS signal the only left(negative) spectrum part is encoded. The number of MSBs (equal to sequence length) is taken for modulation. The right part is centrally symmetric. The MSB corresponds to the most left/negative subcarrier.
2) PSL – Peak to sidelobe ratio at 0 carrier frequency offset.
3) CM –Cubic metric value.
4) Auto – (AC) and cross (XC) – correlation is evaluated for carrier frequency offset range up to 80 kHz. The maximum value is reported for two sequences (original / complex conjugated).
The generated PD2DSS signals have low PAPR/CM and poses good auto/cross-correlation properties which are similar to the existing PSS signals for small carrier frequency offset. The detailed performance analysis of the proposed PD2DSS sequences is provided in Appendix A.
Proposal 5
· Use the new set of 72-length PD2DSS sequences with low PAPR, and good auto/cross-correlation properties in a wide range of carrier frequency offset (up to 80kHz), as suggested in tables above.
Alternative way to resolve the time-frequency ambiguity problem of ZC sequence is to apply the additional common scrambling to all ZC sequences in the selected set. The scrambling pattern can be also symmetrical and optimized to ensure the low PAPR/CM of scrambled ZC sequences as well as good auto and cross-correlation properties.
Observation 2
· The scrambling of ZC sequence can be used to remove ambiguity problem.

Performance Summary
The proposed PD2DSS sequences were analyzed in terms of initial timing and carrier frequency offset estimation accuracy. Our analysis provided in Appendix A shows that at least two PD2DSS symbols are needed to achieve accurate time and frequency offset estimation in NLOS channels (assuming -107dBm sensitivity and single shot transmission). Therefore we propose to use two PD2DSS symbols for transmission.
Proposal 6
· Use two PD2DSS symbols per subframe to simplify initial acquisition.

2.3 SD2DSS

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 SSS is used to detect frame timing boundary. The TDD/FDD encoding by D2DSS is not necessary since the TDD configuration will be transmitted in PD2DSCH anyway. Alternatively, the same mechanism with different PD2DSS/SD2DSS relative positions can be used. 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 defined which subframe in LTE frame carriers the PD2DSS/SD2DSS signals for each UL-DL configuration.

In our views, 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 the UE from the available SSID set 0, 1, …, N-1 = 167 or preconfigured SSID set. The amount of SD2DSS sequences N may be further reduced if it is seen unnecessary to have 168 sequences (8 bits). One of the options is to limit it to 32 or 64 sequences with low PAPR/CM in order to reduce the SSID search/detection complexity.

Proposal 7
· SD2DSS carries information about synchronization source identity.

· The amount of SD2DSS sequences is reduced comparing to SSS set.
Waveform Format
Following the agreement on SC-FDM waveform for D2D communication and our proposal to use SC-FDM waveform for PD2DSS, we suggest to use SC-FDM waveform for SD2DSS transmission as well. The usage of the same waveform for PD2DSS/SD2DSS is beneficial for coherent processing and channel estimation especially if synchronization signals (PD2DSS and/or SD2DSS) are reused for demodulation (e.g. PD2DSCH).
Proposal 8
· SC-FDM waveform is used for SD2DSS transmission.

Physical Structure

One of the possible alternatives for SD2DSS design is to reuse Rel.8 SSS signals. The main reported disadvantage of SSS signals is rather high PAPR and CM value [7]. In [7], it was proposed to reduce the SSS PAPR/CM by applying DFT pre-coding. The drawback of this approach is that magnitude of the DFT precoded SSS signal will not be flat in frequency domain, which is not desirable from channel estimation perspective. Another proposal that was suggested in [8] is to reduce the transmission power of SD2DSS symbols on a few dBs. However this approach will obviously negatively affect the SD2DSS performance.
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. Use the new set of PD2DSS sequences having low PAPR/CM and good correlation properties in frequency domain. The new SD2DSS sequence candidates can be selected from another m-sequence polynomial (e.g. x6+x+1, m = 6) which provides up to 63 cyclically shifted sequences of 63 length or mutually orthogonal set of complementary Golay sequences. It should be noticed that Golay sequences have low PAPR (~3dB) and CM values. The 64 mutually orthogonal Golay sequences can be generated for SD2DSS sequence length equal to 64.
Option 3. Apply spectrum expansion to the existing SSS sequences or new set of SSS sequences aiming to minimize the PAPR/CM value. Current SSS signals occupy 62 active subcarriers excluding DC. The SSS sequences can be extended by adding up to 10 more symbols, minimizing the SD2DSS PAPR or CM. The spectrum expansion can be also utilized to align SD2DSS physical structure with 6 PRBs allocation size.
Depending on the decided bandwidth of the PD2DSS/SD2DSS signals, the corresponding sequences can be modified by means of the cyclic sequence extension, spectrum expansion or puncturing of the certain sequence elements to fit the number of resource elements.
Discussion on DFT Pre-coding
The DFT pre-coding of SSS sequences was proposed in [7]. This approach helps to reduce the PAPR and CM properties of DFT-precoded SSS signals. However, the relative reduction may not be sufficient given that it does not help to reach the PAPR and CM values for DFT-precoded QPSK modulated symbols in case of SC-FDMA waveform. Therefore the potential PAPR and CM of PD2DSCH channel based on QPSK modulation will be even lower than DFT precoded SSS signals (see Figure 1). The reason for such behavior is that SSS signals are BPSK modulated and thus the phase always changes on 180 degrees that results in increased PAPR. The potential solution to this is to use pi/2 BPSK modulation that can help bring the PAPR and CM of DFT pre-coded SSS sequences to the lower values. In case of pi/2 BPSK modulation the odd(or even) elements of SSS sequence can be phase rotated on 90 degrees.
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Figure 1. CDF of PAPR and CM distribution for SSS signals.

Observation 3
· DFT precoding of SSS sequences reduces PAPR and CM, however these values are still higher than for DFT precoded QPSK modulation in case of 6 PRB allocation.

· The pi/2 BSPK modulation of SSS sequences improves the PAPR/CM properties of DFT-precoded SSS signals when SC-FDM waveform is used.
The main drawback of applying DFT precoding to SSS sequences is that the signal in frequency domain is not flat anymore (in terms of magnitude) and thus it may complicate processing or potentially degrade performance of channel estimation and/or other acquisition functions. Therefore we have following proposal.
Proposal 9
· SD2SS signals have frequency flat spectrum.

· The SSS sequences (if adopted) are nor DFT pre-coded.

SD2DSS Signal Design

In this section, we analyse PAPR and CM for different types of SD2DSS sequences that can be considered as alternative candidates for generation of the secondary D2D synchronization signal. Similar to PD2DSS we believe that SD2DSS sequence length can be selected from the following set {62, 64, 72}. In terms of SD2DSS sequence we analyse three main options: 

1) Reuse the subset of existing SSS sequences. The sequence d(n) used for the second synchronization signal is an interleaved concatenation of 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. In our view the additional scrambling of SSS sequences may be skipped.
2) Generate new set of cyclically shifted SD2DSS sequences using new m-sequence polynomial generator (m = 6). In this case, the 2m – 1 = 63 cyclically sequences can be used for SD2DSS detection. In order, to match the size of the SD2DSS sequence to number of resource elements utilized for SD2DSS transmission the cyclic extension (CE), spectrum expansion (SE)  can be used for the cases when number of resources elements is larger than 63. For the case when number of SD2DSS is equal to 62 one of the sequence elements can be punctured. 
3) Use mutually orthogonal set of Golay complementary sequences. In this case, 64 mutually orthogonal Golay codes can be used for SD2DSS generation. The Golay sequences are known to have low PAPR and CM values. The same principles such as spectrum expansion, cyclic extension or element puncturing can be used to fit the number of resource elements decided for SD2DSS/PD2DSS transmission.
The PAPR and CM characteristics of the described above SD2DSS sequence options are shown in Figure 2 and Figure 3 for 62-length and 72 length SD2DSS sequences respectively.
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Figure 2. PAPR (left side) and CM (right side) for different types of length 62 SD2DSS sequences
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Figure 3. PAPR (left side) and CM (right side) for different types of length 72 SD2DSS sequences
As it can be seen from the presented above figures the Golay and m-sequence (length 63) based SD2DSS signals have the lowest PAPR and CM values. For the current SSS sequence design, the reasonable values of PAPR and CM can be achieved only if spectrum expansion techniques are applied. Given that RAN1 has working assumption that m-sequence is used for SD2DSS generation we have following proposals on SD2DSS sequence design.
Proposal 10
· The 63-length m-sequences are used for SD2DSS generation.

· In case if SSS sequences are decided to be reused the spectrum expansion techniques are applied to reduce the PAPR and CM values. 

· SD2DSS sequences are extended to the 72 point DFT size.

SD2DSS Performance Summary
The performance analysis of the proposed SD2DSS design was analyzed in terms of SSID detection using partial correlation in frequency domain. In addition, we evaluated residual frequency offset error by processing both PD2DSS and SD2DSS signals, assuming PD2DSS and SD2DSS mapping as described in [6]. The evaluation results are given in the Appendix B.
3 Conclusions
In this contribution, we provided our views on D2DSS signal design. In our view, D2DSS signals (PD2DSS/SD2DSS) can have similar structure as PSS and SSS. However, in our view the some modifications of the existing PSS/SSS signals can benefit the D2D synchronization. In particular, in order to simplify initial acquisition in out of network coverage scenarios where the large carrier frequency offset can be observed, we suggest to use pseudo-noise sequence that provides low PAPR/CM and good auto and cross-correlation properties. As for SD2DSS sequence, we do see constraints for direct reuse of SSS sequences since those have large PAPR and CM which are substantially larger than for QPSK modulates and DFT pre-coded signals of the similar bandwidth. In addition we believe that the amount of SD2DSS sequences can be substantially reduced. Therefore we have proposed alternative solutions for SD2DSS design which are described in Section 2.3 of this document. In addition, given that SC-FDM waveform is agreed for D2D communication and discovery, we suggest to use the same waveform for D2D synchronization signals.
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Appendix A - P2DSS Performance Analysis

The set of PD2DSS sequences for different sequence length alternatives is provided in Table 1. The proposed PD2DSS signal candidates have similar properties, and therefore due to space consideration we provide additional evaluation focusing on one of the 62 length sequence corresponding to Alt. 2, unless otherwise specified.
PAPR Characteristics
The maximum PAPR of the sequences proposed in Table 1 does not exceed 4.05 dB, which is similar to the PAPR range of PSS signals.
Cubic Metric

The maximum CM values for the sequence set proposed in Table 1 does not exceed 1.8 dB, which is on average about 1dB higher relative to PSS signals.

Typical PD2DSS Ambiguity Function

In this subsection, we plot ambiguity function for proposed PD2DSS signals in the frequency offset range [-80kHz; 80kHz]. As it can be seen from Figure 4 the proposed signals are characterized by low autocorrelation and there are no ambiguity peaks which can be observed in PSS case [4].

[image: image10.png]Auto-correlation

0
1

5
%10
Frequency offset, Hz

1000

1000

500

Time offset, samples @10MHz




Figure 4. Typical ambiguity function of the proposed PD2DSS signals.
Typical Cross Correlation with PSS

The primary synchronization signals for D2D operation should also have low cross-correlation with the existing PSS signals. Our analysis has shown that the maximum cross-correlation of the proposed signals with PSS signals measured in the frequency offset range [-80kHz, 80kHz] is below -9.5 dB for sequences of 62 length, -8.9 for sequences of 64 length and -10 dB for sequences of 72 length.
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Figure 5. PD2DSS cross-correlation with PSS for large carrier frequency offset range.
Cross Correlation with SSS

We have also checked the cross-correlation with the existing SSS signals. The CDF of the maximum value of PD2DSS cross-correlation with SSS in the frequency offset range [-80 kHz, 80 kHz] is shown in Figure 6.
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Figure 6. CDF of the maximum value of PD2DSS and SSS cross-correlation.
Cross Correlation with DMRS

We have also checked the cross-correlation with the existing uplink demodulation reference signals (DMRS). The CDF of the maximum cross-correlation value of proposed PD2DSS with uplink DMRS (for 6 PRB bandwidth) in the frequency offset range [-80 kHz, 80 kHz] is shown in Figure 6.
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Figure 7. CDF of the maximum value of PD2DSS and DMRS cross-correlation.
Probability that timing offset exceeds predefined time interval
In this subsection, we analyse the timing offset estimation and compare performance of the proposed PD2DSS and existing PSS signals. For analysis, we evaluate the probability that timing offset exceeds 16us time interval and assume that frequency offset is uniformly distributed within range [-40 kHz, 40 kHz]. The link-level evaluation results for PD2DSS with one and two consecutive PD2DSS symbols is shown in Figure 8. The main evaluation assumptions are provided in Appendix C.
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Figure 8. Probability that timing error is larger than 16us.
Carrier frequency offset estimation error using PD2DSS only processing
In this subsection, we analyse the carrier frequency offset estimation using two consecutively transmitted PD2DSS symbols. For analysis, we assume that frequency offset is uniformly distributed within range [-40 kHz, 40 kHz]. The link-level evaluation results for PD2DSS with one and two consecutive PD2DSS symbols are shown in Figure 8 assuming practical timing offset estimation using PD2DSS signals. It can be seen that initial coarse carrier frequency offset error is within 1 kHz for majority of the cases. The fine CFO estimation can be obtained using SD2DSS. The main evaluation assumptions are provided in Appendix C.
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Figure 9. CDF of coarse CFO estimation error.
Appendix B - S2DSS Performance Analysis

In this section, we provide evaluation results for the proposed design of SD2DSS. We analyse SD2DSS detection error and residual carrier frequency offset error assuming single shot processing. The link level evaluations are shown in Figure 10 and Figure 11. As it can be seen the both performance metrics satisfy the SD2DSS design requirements.
[image: image18.emf]-145 -140 -135 -130 -125

10

-2

10

-1

10

0

SD2DSS Error Detection Probability                    

IMT-Advanced NLOS, 3km/h, 2 Rx Antennas, 10 Samples TO

MCL, dB

SD2DSS Error Detection Probability

 

 


Figure 10. SD2DSS detection error.
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Figure 11. Residual frequency offset error after PD2DSS + SD2DSS processing.
Appendix C – 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 2.
Table 2: Main link-level simulation assumptions.

	Parameter
	Value

	UE Antennas
	2 antennas, correlated, co-polarized

	Channel model
	AWGN, IMT-Advanced UMi, modified according to [2] 

	Carrier frequency
	2GHz

	System Bandwidth
	10 MHz

	FFT Size 
	1024

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