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1 Introduction

At the previous RAN1 WG meetings, it was agreed that both primary (PD2DSS) and secondary (SD2DSS) D2D synchronization signals will be specified. In this contribution, we discuss design details of primary D2D synchronization signal (PD2DSS). Up to date, the following working assumption and agreements were made at the RAN1#77 and RAN1#78 meetings respectively:

RAN1#77 Working Assumption:
· 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

RAN1#78 Agreement:

· For PD2DSS,

· Sequence:

· New root indices
· FFS: Detailed root indices.
· Waveform:

· SC-FDM without DFT pre-coding.
· Number of symbols in a subframe is 2.

The D2DSS physical structure should facilitate accurate measurement 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 a few PD2DSS signals can be designed.

In this contribution, we discuss remaining details of the PD2DSS design, while our views on other remaining synchronization aspects can be found in our companion contributions [1]-[4].
2 PD2DSS Design
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.

2.1 Information Carried by PD2DSS
The following information can be carried by PD2DSS signals:
· Sync source type – Defines whether the synchronization is propagated from eNB or independent synchronization source.

· Hop count – Defines the hop count value of the synchronization source.

At the RAN1#77, 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.
2.2 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. The main drawback of using 62-length sequence is that additional interpolation may be needed if PD2DSS is assumed to be used for demodulation of PD2DSCH occupying 6 PRBs in frequency domain.
· Option 2. 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.
As it was agreed at the RAN1#78, the PD2DSS sequence will be based on ZC sequence with new root indexes and thus have low values of PAPR and cubic metric similar to PSS.
Observation 2
· The 72 length PD2DSS sequence is aligned with PD2DSCH physical structure and thus more advantageous.
· The PD2DSS sequence should poses low PAPR and CM properties similar to PSS signals.
Proposal 2
· The 62 or 72 length sequence is used for PD2DSS signal generation.
2.3 PD2DSS Signal Design

In order to simplify initial acquisition and differentiation of in-coverage and out of coverage synchronization sources the centrally symmetric PD2DSS signals can be used. In addition, complex conjugation property can be used for construction of the different PD2DSS signals, in order to further simplify acquisition process. 
Proposal 3
· PD2DSS signal possess central symmetry property.

Observation 3
· PD2DSS signal may be constructed from the complex conjugated ZC sequences to simplify acquisition if good cross correlation and auto-correlation properties are shown.

3 On Ambiguity Problem Resolution
As it was reported in [5], [6], the ZC-based sequences are characterized by ambiguity peaks in the presence of large carrier frequency offsets. The ambiguity problem degrades synchronization performance which leads to increased complexity of the initial time and carrier frequency offset synchronization [6], especially in out of coverage scenarios, when initial frequency offset between UEs is large (up to 20ppm). 
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Figure 1: On ambiguity issue with ZC sequences in the presence of large carrier frequency offset.
Our analysis presented in Figure 1, shows the timing estimation error probability for the fixed frequency offset value and two signals: 1) QPSK modulated pseudorandom sequence proposed in [5] and 2) 63 length ZC sequence with root index 26 and punctured central element. As it can be seen the ZC-based sequence with root index 26 has multiple time-frequency ambiguity peaks which results in poor timing and frequency offset estimation performance.

In order to resolve ambiguity problem for D2D synchronization, the new QPSK-modulated sequences which are immune to large range of carrier frequency offset were proposed in [5]. However, given that RAN1 agreed on definition of the new ZC root indexes for construction of PD2DSS signals the ambiguity problem needs to be avoided by UE implementation. In general, the following approaches can be used to resolve ambiguity problem:

· Partial correlation. The partial correlation can be used to reduce sensitivity to the carrier frequency offset at the expense of the performance loss. However, it cannot completely resolve the ambiguity problem and does not allow to reduce the amount of complex operations by half by utilizing the property of the central symmetry. In addition partial correlation suffers from the unavoidable performance loss due to non-coherent accumulation of different cross-correlations pieces as it shown in Figure 2.
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Figure 2: Partial correlation ZC Root 26 PD2DSS signal timing detection performance
· CRC check. The CRC of broadcast D2D channel can be used to resolve ambiguity. However this approach requires extra processing and increased UE implementation complexity. In particular, it will require involvement of the whole demodulation and FEC processing chains even in the case where UE wants to detect timing of other synchronization sources. In this case, synchronization procedure may not be considered as a background process anymore since it will require additional processing of all modem processing units.
· New root index resulting in timing offset within CP range (for large range of carrier frequency offset). Since the ZC sequence ambiguity peak locations depend on the root index and sequence length, the root index which provide minimum ambiguity peak time shift should exist. For the ZC sequence of length 63 the only two root indexes 1 and 62 provide the minimum peak time offset comparable with normal CP size in -80..+80KHz frequency offset range. The maximum sample offset is equal to 88 samples@15.36 MHz sampling frequency as it is shown at Figure 3.
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Figure 3: Auto-correlation functions and auto-correlation peak location for wide frequency offset range
The discussed above ZC sequence with roots 1 and 62 can provide coarse timing estimation for wide frequency offset range. The benefits of these root indexes is that the coarse timing offset estimation can be performed using a few widely  spaced frequency offset hypothesis, however additional signal may be needed to remove ambiguity in terms of carrier frequency offset estimation. Hence, the additional signal is needed to perform frequency acquisition.
· Two different ZC root indexes. The PD2DSS signal can be constructed from two ZC signals having different root indexes. The composite signal may have superior ambiguity properties. In this case the cross-correlation with two signals can provide better performance. However the amount of cross correlation hypothesis may need to be increased since the frequency resolution is increased in two times.
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Figure 4: Performance of the composite PD2DSS signal constructed from ZC sequences with different roots
To construct the composite PD2DSS sequence from two ZC sequences, the following design options can be considered:

Option 1. Use one of the root indexes 1 and/or 62 to simplify initial coarse timing estimation. The root index of the 2nd symbol may be chosen taking into account its own auto and cross-correlation properties as well as the properties of the composite PD2DSS signal.
Considering the ZC sequences Cubic Metric and Cross-correlation values, provided in Appendix A and minimizing ambiguity peaks of the composite PD2DSS signals, the following pairwise root combinations can be considered as provided in Table 1.
Table 1: Combination of the ZC root indexes resulting in good correlation properties of the composite PD2DSS

	ZC Root
	Composite PD2DSS 
Sequence Properties
	Single ZC Sequence Properties

(Sequence#1/ Sequence#2)

	Sequence #1
	Sequence #2
	Max AC3), dB
	PSL1), dB
	CM2), dB
	PAPR, dB
	Max XC3) w/ PSS, dB
	Max XC3) w/ UL DMRS, dB

	Length 62

	1
	53
	-6.4
	11.4
	0.6 / 1.8
	3.2 / 5.3
	-11.7 / -9.1
	-9.7 / -8.2

	62
	10
	-6.4
	11.3
	0.6 / 1.8
	3.2 / 5.3
	-10.8 / -9.1
	-9.7 / -8.2

	1
	52
	-6.4
	11.4
	0.6 / 2.5
	3.2 / 5.1
	-11.7 / -11.1
	-9.7 / -7.6

	62
	11
	-6.3
	11.1
	0.6 / 2.5
	3.2 / 5.1
	-10.8 / -10.8
	-9.7 / -7.6

	1
	41
	-6.4
	11.2
	0.6 / 2.1
	3.2 / 5.2
	-11.7 / -8.7
	-9.7 / -7.6

	62
	22
	-6.5
	11.2
	0.6 / 2.1
	3.2 / 5.2
	-10.8 / -8.7
	-9.7 / -7.6

	1
	37
	-6.4
	11.4
	0.6 / 1.5
	3.2 / 4.5
	-11.7 / -10.6
	-9.7 / -8.9

	62
	26
	-6.4
	11.5
	0.6 / 1.5
	3.2 / 4.5
	-10.8 / -10.5
	-9.7 / -8.9

	Length 72

	1
	72
	-6.4
	11.8
	0.5 / 0.5
	3.1 / 3.1
	-11.0 / -11.7
	-10.5 / -10.5

	72
	1
	6.4
	11.8
	0.5 / 0.5
	3.1 / 3.1
	-11.7 / -11.0
	-10.5 / -10.5

	1
	8
	6.2
	11.1
	0.5 / 1.5
	3.1 / 4.2
	-11.0 / -10.2
	-10.5 / -8.6

	72
	65
	6.0
	13.0
	0.5 / 1.5
	3.1 / 4.2
	-11.7 / -10.2
	-10.5 / -8.6

	1
	49
	6.6
	11.5
	0.5 / 0.7
	3.1 / 3.6
	-11.0 / -10.5
	-10.5 / -8.5

	72
	24
	7.3
	13.9
	0.5 / 0.7
	3.1 / 3.6
	-11.7 / -11.5
	-10.5 / -8.5

	1
	41
	6.4
	11.2
	0.5 / 1.1
	3.1 / 3.6
	-11.0 / -9.0
	-10.5 / -7.4

	72
	32
	6.4
	13.5
	0.5 / 1.1
	3.1 / 3.6
	-11.7 / -10.1
	-10.5 / -7.4


1) PSL – Peak to sidelobe ratio at 0 carrier frequency offset.

2) CM –Cubic metric value.

3) Auto – (AC) and cross (XC) – correlation is evaluated for carrier frequency offset range up to 80 kHz.
Option 2: Another option to reduce the receiver complexity is to utilize complex conjugation property of ZC sequences. The set of complex conjugated ZC sequences used for PD2DSS construction and their correlation properties are listed in Table 2.
Table 2: Combinations of conjugated ZC sequences with good correlation properties of composite PD2DSS
	ZC Root
	Composite PD2DSS 

Sequence Properties
	Single ZC Sequence Properties

(Sequence#1/ Sequence#2)

	Sequence #1
	Sequence #2
	Max AC3), dB
	PSL1), dB
	CM2), dB
	PAPR, dB
	Max XC3) w/ PSS, dB
	Max XC3) w/ UL DMRS, dB

	Length 62

	26
	37
	7.3
	13.7
	1.5 / 1.5
	4.5 / 4.5
	-10.5 / -10.6
	-8.9 / -8.9

	10
	53
	6.5
	13.1
	1.8 / 1.8
	5.3 / 5.3
	-9.1 / -9.1
	-8.2 / -8.2

	11
	52
	7.6
	13.7
	2.5 / 2.5
	5.1 / 5.1
	-10.8 / -11.1
	-7.6 / -7.6

	22
	41
	6.7
	12.4
	2.1 / 2.1
	5.2 / 5.2
	-8.7 / -8.7
	-7.6 / -7.6

	23
	40
	7.4
	12.9
	2.1 / 2.1
	5.7 / 5.7
	-11.0 / -11.0
	-6.9 / -6.8

	Length 72

	1
	72
	6.4
	11.8
	0.5 / 0.5
	3.1 / 3.1
	-11.0 / -11.7
	-10.5 / -10.5

	8
	65
	6.1
	13.4
	1.5 / 1.5
	4.2 / 4.2
	-10.2 / -10.2
	-8.6 / -8.6

	24
	49
	6.3
	11.0
	0.7 / 0.7
	3.6 / 3.6
	-11.5 / -10.5
	-8.5 / -8.5

	30
	43
	6.7
	12.2
	1.2 / 1.2
	4.5 / 4.5
	-11.1 / -11.2
	-7.0 / -7.0

	32
	41
	6.1
	13.0
	1.1 / 1.1
	3.6 / 3.6
	-10.1 / -9.0
	-7.4 / -7.4


1) PSL – Peak to sidelobe ratio at 0 carrier frequency offset.

2) CM –Cubic metric value.

3) Auto – (AC) and cross (XC) – correlation is evaluated for carrier frequency offset range up to 80 kHz.
· Common scrambling. Alternative way to resolve the time-frequency ambiguity problem of ZC sequence is to apply the additional common scrambling to all ZC sequences defined in PD2DSS set. The scrambling pattern can be also symmetrical and optimized to ensure the low PAPR/CM of scrambled PD2DSS sequences as well as good auto and cross-correlation properties see Table 3.
Table 3: Scrambled PSS sequences properties.

	Seq. #
	Root Index
	Bit sequence in hexadecimal format
	PAPR, dB
	PSL, dB
	CM, dB
	Max AC, dB
	Max XC, dB
	Max XC w/PSS, dB
	Max XC w/DMRS, dB

	0
	25
	0x7442B2D8
	4.48
	13.1
	1.9
	-9.7
	-9.7
	-9.7
	-8.5

	1
	29
	
	4.46
	13.2
	2.4
	-10.4
	-8.3
	-11.5
	-8.5

	2
	34
	
	4.46
	13.2
	2.4
	-10.4
	-8.3
	-11.5
	-8.5


1) The LFSR generator with x31+x28+1 polynomial with specified seed is used to generate required scrambling sequence. The seed MSB is mapped to the x(1), the seed LSB is mapped to the x(31)
· Requirements on UE RF oscillator. More strict requirements on UE oscillator frequency offset may be enforced for PS terminals operating in out of network coverage. For instance instead of current 10ppm assumption for a typical UE the 5 ppm or even lower value can be specified by RAN4 WG.
4 Comparative Analysis of Initial Timing Estimation
Given that multiple options can be used for PD2DSS standardization, we decided to compare different approaches in terms of PD2DSS physical structure and receive processing. As for the physical structure, we study PD2DSS transmission with two adjacent symbols using the same and different root indexes. In particular, we use combinations {37, 37} and {26, 37} as the most promising candidates in terms of PAPR/CM/AC/PSL/XC performance metrics. For RX processing, we mainly focus on two schemes partial cross-correlation (PXC) and cross-correlation (XC). For the case of XC, we additionally consider two schemes: 1) symbol wise cross-correlation with non-coherent combining of the peak values - XC1 or 2) cross-correlation with coherent combining when cross-correlation is done with two PD2DSS symbols and timing of the peak value is used as a timing estimate – XC2. In both cases, we assume 5 kHz frequency spacing for cross-correlation with different frequency offset hypothesis. In case of partial cross-correlation, we analyzed 2 and 4 parts cross-correlation with 3 {-26.6, 0, 26.6} kHz and 5 hypothesis {-32, -16, 0, 16, 32} kHz, motivated by [10] (for analysis we present the case with 5 hypotheses only, due to better performance). For link level study, we assume +/-10ppm uniform frequency offset distribution at the TX and RX side and carrier frequency 2 GHz. The results of the probability of timing error > 72Ts (half of normal CP) are shown in Figure 5 for AWGN and IMT UMi NLOS channels assuming 40ms transmission periodicity of PD2DSS.
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Figure 5: Probability of timing error > 72Ts
Based on the performance analysis of different approaches presented in Figure 5 and additional link level results provided in Appendix A we have the following observation and proposals:
Observation 4
· Partial cross-correlation scheme is worse than cross-correlation approach.

· Two PD2DSS symbols with two different ZC root indexes are superior than two PD2DSS symbols with the same root index and provides more reliable performance in the presence of large initial carrier frequency offset
· In AWGN channel up to 4dB gain can be achieved;
· In IMT UMi NLOS channel up to 2 dB can be achieved when either partial correlation or simple cross-correlation is used.
Proposal 4
· PD2DSS signals are transmitted in two adjacent symbols.
· Different ZC root indexes are selected for the 1st and 2nd PD2DSS signal construction to reduce time-frequency ambiguity problem of ZC sequences in the presence of large carrier frequency offset.
· Use combinations of the ZC root indexes provided in Table 1 or Table 2 for PD2DSS generation.
· Alternatively, the common pseudorandom scrambling, as defined in Table 3, can be applied to the legacy PSS sequences.
5 Conclusions
In this contribution, we provided our views on PD2DSS signal design. In particular, we propose to use combination of two ZC root indexes to construct composite PD2DSS signal which is immune to large carrier frequency offset and reduces ambiguity problem of the ZC sequences. As an alternative solution we suggest to apply common scrambling to the ZC sequences using legacy root indexes that can be optimized in terms of ambiguity issues as well as PAPR and CM properties of the resulting PD2DSS signal.
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Appendix A - P2DSS Performance Analysis

As it was agreed at RAN1#78 meeting, the PD2DSS sequence design should utilize Zadoff-Chu sequences. The current working assumptions assumes the 62 PD2DSS signal length that has disadvantage since the full channel estimation is not possible in this case. In order to align signal bandwidths of the PD2DSCH and D2DSS signals, the punctured ZC sequence of length 73 can be considered as design alternative. The main parameters critical to system design are considered below for arbitrary root index sequences. 
PAPR Characteristics vs Root Index
The PAPR of ZC sequences available for PD2DSS construction are provided in Figure 6
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Figure 6: PAPR values for punctured Zadoff-Chu sequences centrally mapped around DC subcarrier with SC-FDMA multiplexing for different possible ZC sequence length options
Cubic Metric vs Root Index
The cubic metric of punctured ZC sequences with available root indexes of the length 62 and 72 is provided in Figure 7. The cubic metric is calculated at the 15.36MHz sampling rate.
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Figure 7: Cubic Metric values for punctured Zadoff-Chu sequences centrally mapped around DC subcarrier with SC-FDMA multiplexing for different possible ZC sequence length options

Cross Correlation with PSS
The proposed ZC sequences which comprises primary synchronization signals used for D2D operation should also have low cross-correlation with the existing PSS signals. The cross-correlation values of all possible punctured ZC sequences of length 62 and 72 are provided in Figure 7.
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Figure 8: Maximum of the cross-correlation power of the proposed length Zadoff-Chu sequences with PSS for large carrier frequency offset range
Cross Correlation with DMRS

The cross-correlation of the two proposed length ZC sequences with the existing uplink demodulation reference signals (DMRS) is also checked. The maximum cross-correlation value of each ZC root index sequence with uplink DMRS (for 6 PRB bandwidth) in the frequency offset range [-80 kHz, 80 kHz] is shown in Figure 9.
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Figure 9: Distribution of maximum cross-correlation value of ZC sequences and UL DMRS sequences.
Probability that timing offset exceeds predefined time interval
In this subsection, we analyse the timing offset estimation and provide performance of the proposed PD2DSS 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 coherent and non-coherent PD2DSS symbols combining are shown in Figure 10. The main evaluation assumptions are provided in Appendix B.
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Figure 10: Timing estimation performance of PD2DSS constructed from length 62 ZC Punctured Sequences
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 two consecutive PD2DSS symbols are shown in Figure 11 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 B.
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Figure 11. CDF of coarse CFO estimation error.
Appendix B – Simulation Assumptions

In this section, we provide the list of main simulation assumptions used for PD2DSS link level analysis. The main parameters are summarized in Table 4.
Table 4: 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 [9] 

	System bandwidth
	10 MHz

	FFT size 
	1024

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

	Coarse frequency offset estimation
	Hypothesis testing

	Hypothesis frequency step
	5KHz - Coherent PD2DSS symbols combining
7.5KHz – Non-coherent PD2DSS symbols combining
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