3GPP TSG RAN WG1 Meeting #78
R1-143099
Dresden, Germany, 18th – 22nd Aug 2014
Agenda item:      7.2.3.3.2
Source:
Samsung
Title:
PD2DSS structure with repeated PSS symbol
Document for:     Discussion and Decision
1
Introduction

D2D synchronization has been discussed over the past RAN1 meetings. Starting from the working assumptions included in the latest TR36.843 [1], several new agreements and working assumptions have been made in RAN1#76bis and RAN1#77. These agreements and working assumptions relating to synchronization signals and channels are summarized as follows.
In TR36.843, the following working assumptions were made:

“Working assumption: D2D Synchronization Sources transmits a D2DSS that:

· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS) 

· PD2DSS is a Zadoff Chu sequence

· Length FFS

· May also comprise of a Secondary D2D Synchronization Signal (SD2DSS)

· SD2DSS is a M sequence

· Length FFS
In RAN1 #76bis [2], the following working assumptions were reached:
Working assumption:
· A synchronization source transmits D2DSS periodically
· D2DSS period is not smaller than 40 ms

· FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios
Working assumption:
· More than one symbol is used for D2DSS transmission in a subframe containing D2DSS

· FFS detailed structure

· FFS the number of PD2DSS symbols in the same subframe
· FFS: Whether SD2DSS is necessary, and if so, how many symbols are used

· FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe

In addition, the following working assumption was reached in RAN1#77 [3]:

Working Assumption:

· 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

There are still several open issues regarding the synchronization signals. In this contribution, we focus on the PD2DSS. In [4], a candidate design was proposed, in which two consecutive PD2DSS symbols were present in a subframe. This allows a symbol-level search approach, which can reduce the complexity of the sample-level based search approach by a factor of [image: image2.png]


 (for example, the search could be implemented in frequency domain by treating the repeat transmission in PD2DSS as a large cyclic prefix as proposed in [4]). However, there are some challenges posed by the fact that the legacy LTE structure inserts a cyclic prefix prior to every symbol. The purpose of this contribution is to allow repeating the PSS sequence while still continuing to operate under the legacy LTE structure where the cyclic prefix (CP) is inserted prior to the symbol.
2
Proposed construction of consecutive PD2DSS symbols using legacy LTE structure
In order to enable the symbol-level based search, two PSS symbols should be consecutive as shown below:
[image: image3.emf]PSS PSS


Figure 2-1 Two consecutive PSS symbols
This structure of transmitting two consecutive PSS symbols can be achieved using either of the two waveforms, OFDM or SC-FDM.

OFDM waveform based symbol structure
Legacy LTE structure poses a constraint on the mechanism by which symbols are composed – the cyclic prefix of each symbol is inserted before the symbol as shown in the following figure:
[image: image4.emf]Symbol1 CP1 Symbol2 CP2


Figure 2-2 Two consecutive symbols structure in legacy LTE
where each symbol is constructed first in the frequency domain and is calculated in the time domain via a Fourier transform. 
Observation 1: Direct generation of the second OFDM symbol using PSS in the frequency domain results in a gap of CP between two PSS symbols. 
Due to the gap between Symbol 1 and Symbol 2, application of a symbol-level based search method proposed in [4] may not be straightforward. To resolve this, we propose a method to construct two consecutive PSS symbols while maintaining the legacy LTE structure. 

Focusing our attention on Symbol 2, the baseband OFDM signal (CP 2 and Symbol 2 above) is given by 
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where ak is the frequency domain signal of Symbol 2. 
Let pk , k = -31…31represents the PSS symbol in frequency domain.  In order to achieve the PSS repetition signal, we want to satisfy the following equation:
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We achieve this by choosing 
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 . In other words, a phase ramp is applied to the frequency domain signal. Thus, we propose choosing Symbol 1 = PSS and Symbol 2 = PSS multiplied by an appropriately calculated phase ramp in the frequency domain as shown in the figure below.

[image: image10.emf]PSS CP1
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Figure 2-3 Proposed construction of the second PSS 
As shown above, multiplying the signal in the frequency domain is equivalent to circularly shifting the time domain signal. Consequently, the transmitted signal has the following form:

[image: image11.emf]PSS PSS CP1 CP2'


Figure 2-4 Final structure of two consecutive PSS symbols  
which is the desired signal structure. If complexity is not a constraint, then chip-level search could still be carried out for the proposed transmit structure in Figure 2-4. The performance can be expected to be similar to the performance with the transmit structure in Figure 2-2. 
Proposal 1: Construct a second OFDM symbol in PD2DSS by multiplying the first symbol’s PSS sequence with a phase ramp in frequency domain to obtain two consecutive PSS symbols.
SC-FDM waveform based symbol structure
The SC-FDM waveform involves a half tone shift that impacts the desired signal structure.
The time-continuous signal 
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)

t

s

p

l

)

(

for antenna port 
[image: image13.wmf]p

 in SC-FDMA symbol 
[image: image14.wmf]l

in an uplink slot is defined by 
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for 
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.
Observation 1, stated above for OFDM waveforms, applies to the SC-FDMA waveform as well. Additionally, the SC-FDMA symbol undergoes a half tone shift. More precisely, the sample at time instance t within each symbol is multiplied by a factor 
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. This phase rotation is essentially reset at every symbol boundary, and the phase is discontinuous across consecutive symbols as shown in the example figure below.
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Figure 2-5 Phase discontinuity at the symbol boundary due to half tone shift    
The phase discontinuity at the symbol boundary is [image: image27.png]m(1+ Af(Nep,T,))



. In order to ensure phase continuity at the symbol boundary, the second symbol has to be multiplied by a constant [image: image29.png]1+ 37(Ver 7))



.
Proposal 2: Construct a second SC-FDM symbol in PD2DSS by multiplying the first symbol’s frequency domain signal with a phase ramp in frequency domain to obtain two consecutive PSS symbols and a constant to ensure phase continuity between the two symbols.
3
Conclusion

In this contribution we presented our proposed design of construction of two consecutive PSS symbols using legacy LTE structure.We made the following proposals and observations: 
Observation 1: Direct generation of the second OFDM symbol using PSS in the frequency domain results in a gap of CP between two PSS symbols. 

Proposal 1: Construct a second OFDM symbol in PD2DSS the frequency domain by multiplying the first symbol’s PSS symbol sequence with a phase ramp in frequency domain to obtain two consecutive PSS symbols.
Proposal 2: Construct a second SC-FDM symbol in PD2DSS by multiplying the first symbol’s frequency domain signal with a phase ramp in frequency domain to obtain two consecutive PSS symbols and a constant to ensure phase continuity between the two symbols.
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