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1 Introduction
This paper focuses on reference signal design for efficient synchronization of the receivers for discovery and communication. A companion contribution [1] focuses on synchronization procedures based on the signals proposed in this paper. 
2 Synchronization Signals Design (D2DSS)

In this section we study the synchronization performance for legacy LTE synchronization signals in a D2D synchronization scenario, targeting the following FFS points in the RAN1#77 agreements:
The following WA from RAN1#77 is considered:

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)

· […]
As a first step we evaluate the coverage requirement for synchronization signals. For VoIP communication the physical channels target design is at least or better than -107dBm received signal power. Assuming a 1.08MHz filter bandwidth for synchronization the average SNR requirement for D2DSS is:
SNR_requirement_D2DSS = -107 -(-174+9+10*log10(1.08e6) ) = -2.33 dB.
In order to achieve a robust design we will consider a design target that is a few dB lower than the requirement.
Figure 1 and Figure 2 provide the performance for time estimation, frequency estimation and sequence identification based on direct synchronization signals reusing the same sequences as PSS/SSS, for AWGN and ETU channels in low mobility (2 GHz carrier frequency). All results in this paper are based on single shot sync detection, i.e., no subframe accumulation is considered. However, frequency and sequence identification performance by SD2DSS may be improved significantly at low energy and computational cost by subframe accumulation.


[image: image1]
Figure 1: Timing estimation, frequency estimation and sequence identification performance for direct synchronization signals (v1=v2=1m/s, AWGN channel)
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Figure 2: Timing estimation, frequency estimation and sequence identification performance for direct synchronization signals (v1=v2=1m/s, ETU channel)

Additional results for higher UE speed (assuming the double speed model from [2]) are provided in Figure 3 for the ETU channel model. 
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Figure 3: Timing estimation, frequency estimation and sequence identification performance for direct synchronization signals (v1=v2=17m/s, ETU channel)
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SNR =  -4dB, 4 Subframes freq estimation

SNR =   0dB, 4 Subframes freq estimation

SNR =  -4dB, 2 Subframes freq estimation

SNR =   0dB, 2 Subframes freq estimation

SNR =  -4dB, One shot freq estimation

SNR =   0dB, One shot freq estimation


Figure 4: Frequency estimation performance with multi-subframe incoherent accumulation (v1=v2=17m/s, ETU channel)

In Figure 4 we study frequency offset estimation enhancement by incoherently accumulating 1, 2 and 4 D2DSS (spaced 40ms in time). We study performance at SNR values above and below the requirement. It should be noticed that we focus on ETU high speed, i.e., the most challenging channel model from link perspective. The performance enhancement with subframes accumulation is clearly observable.

Based on the simulations above, we conclude the following:
Observations:

· At the design target SNR single-shot time synchronization is achieved in 100% of cases for AWGN and ~90% of cases for ETU
· At the design target SNR single-shot sequence identification is achieved in 100% of cases for AWGN and ~90% of cases for ETU

· The sequence identification error is dominated by the cases of missed timing synchronization

· Frequency estimation needs approximately 6dB of SNR increase as compared to single-shot estimation
· This can be achieved by accumulating at least 4 D2DSS transmissions

The above results are comforting and show that existing LTE PSS/SSS design can be reused for D2D without need for RS densification. Timing acquisition and sequence identification can be obtained without subframe accumulation and with at most 2 independent PD2DSS reception (detection probability = 99%). Once timing is acquired, accurate frequency estimation can be obtained by incoherent accumulation of a few (e.g., 4) D2DSS transmissions.
Proposals:

· For D2DSS signals consider a design similar to PSS/SSS

· 1 symbol for PD2DSS carrying 3 sequences
· Same sequences as PSS

· 1 symbol for SD2DSS carrying 168 sequences

· Same sequences as SSS
· PD2DSS and SD2DSS are adjacent to each other in the subframe.
3 Pre-Coding Aspects of D2DSS
In this section we focus on the following FFS points of the agreement:
Working Assumption:
· […]

· 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 

First, we discuss whether the D2DSS signal should be OFDM or SC-OFDM. For both PD2DSS and SD2DSS we see a clear implementation advantage by reusing the same sync detection algorithm as for Rel-8 LTE. In order to do so, an OFDM waveform is required.

One of the potential disadvantages of the OFDM waveform is that a guard band might be needed between D2DSS and other UL transmissions (e.g., PUCCH). This is however not a problem for most carrier bandwidths of practical interest for D2D because the D2DSS bandwidth is limited to 62 subcarriers. The only problematic case could be for 1.44MHz carriers, where D2DSS could be simply dropped in favour of UL signals in the same subframe. We anyway prefer to leave these details to RAN4.

Proposal:

· D2DSS is transmitted using OFDM.
When it comes to the specific sequences used for D2DSS, there is again a clear reuse advantage if exactly the same (or a subset) of the Rel-8 LTE PSS/SSS sequences are reused for D2DSS, with the same mapping. E.g., TDD UEs would be able to reuse the already existing cell search implementation without any modification, while FDD UEs would be able to at least reuse the baseband cell search software. 
It was observed that reusing the PSS/SSS sequences for D2DSS may confuse legacy TDD UEs. However, according to legacy procedures, a UE must be able to detect system information on PBCH with sufficient reliability in order to consider the cell for potential (re)selection. D2D UEs do not transmit CRS or PBCH and the relative spacing/order between PD2DSS and SD2DSS does not match that of PSS/SSS, therefore it does not seem realistic that a Rel-8 UE could mistake D2DSS for PSS/SSS.
An additional concern regards the cubic metric of SD2DSS, since the M-sequences used for SSS have 1-2dB higher cubic metric than the ZC PSS sequences. The CM concerns are reasonable and one option to cope with them is to reduce the power of SD2DSS as compared to the nominal PD2DSS power. Such power backoff could be pre-defined or it could be tuned autonomously by the UE, when needed. A slight power reduction in D2DSSS in the order of 1-2dB is expected to have marginal impact on the synchronization performance and no implementation impact on the synchronization algorithm in the receiver. One reason is that SD2DSS is typically beneficial for frequency estimation where multiple subframes need to be accumulated as described in Section 2 and the resulting diversity gain compensates for the average SNR loss due to backoff. 

Proposal:

· PD2DSS and SD2DSS use the same sequences of respectively PSS and SSS and they use the same subcarriers mapping.

· SD2DSS can be transmitted with reduced power as compared to PD2DSS if cubic metric is a concern

· The exact SD2DSS power reduction can be left to implementation or specified
4 Conclusions

In this contribution we analysed the D2DSS format.
Observations:

· At the design target SNR single-shot time synchronization is achieved in 100% of cases for AWGN and ~90% of cases for ETU

· At the design target SNR single-shot sequence identification is achieved in 100% of cases for AWGN and ~90% of cases for ETU

· The sequence identification error is dominated by the cases of missed timing synchronization

· Frequency estimation needs approximately 6dB of SNR increase as compared to single-shot estimation
· This can be achieved by accumulating at least 4 D2DSS transmissions.

Proposals:

· For D2DSS signals consider a design similar to PSS/SSS

· 1 symbol for PD2DSS carrying 3 sequences

· Same sequences as PSS

· 1 symbol for SD2DSS carrying 168 sequences

· Same sequences as SSS
· PD2DSS and SD2DSS are adjacent to each other in the subframe.
· D2DSS is transmitted using OFDM.
· PD2DSS and SD2DSS use the same sequences of respectively PSS and SSS and they use the same subcarriers mapping.

· SD2DSS can be transmitted with reduced power as compared to PD2DSS if cubic metric is a concern

· The exact SD2DSS power reduction can be left to implementation or specified.
References
[1] R1-143371
Synchronization Procedures for D2D 
Ericsson
[2] R1-141385
Simulation Results for Multihop Synchronization
Ericsson

[3] R1-143367
Frame Structure for D2D-Enabled LTE Carriers 
Ericsson 
[4] R1-142401
D2D Broadcast Control Information and Related Procedures
Ericsson


1/5


[image: image5.png]useauapl

sauanbas-ss 4o K

eqoig o3

IR

0

0
zation £ mor (second)

ming synchroni

Frequency Ofset Ermor (4




[image: image6.png](40) iU Ay1suaq aaten ung

x10

zation £ mor (second)

iming synchroni

E
g
2
g
£



[image: image7.png]uoneayap a3uanbag: 55 0 AMNGEq0L Jou3

ation E mor (secand

iming synchroni

(409) ot Ay1suag aaten ung

2000

1500

1000

500

0

0
Frequency Oftet Emor (.

000 0

0

EE:

(40) iU Ay1suaq aaten ung



