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Received signal in time domain:

Various received 
Power profiles in 
ultra-dense 
networks

Ultra-dense HETNET

CASE-1

CASE-2
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System model considered
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Where

ÅὭis theὭ signaldelaysuchthat † † ȣȣȣ † ȟ

ÅὬὲ isshort-term fadingchannelbetweenreceiverandὭ base-station,

Åὖstandsfor numberof base-stations,

Å‎ is addition of Pathlossand Shadow-loss of Ὥ arriving base-station
signal.
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Schmidl-Cox algorithm(SCA)

ÅSCAis an auto-correlated based technique which uses a movable
window of lengthN sampleson the receivedsignalasfollows.
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HereΨkΩissampleindexof startingpoint of window.
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Various approaches for Timing synchronization

Orthogonal resource blocks 
for each Preamble with 
proposed sequences.

Performance:

Å Low complexity.
Å Success rate is high with 

increase in PAPR.
Å Spectral efficiency is low.

Cross-correlation approach 
with filters.

Performance:

Å High complexity.
Å Success rate is high.
Å Spectral efficiency is high.
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Non-orthogonal resource 
blocks for each Preamble.

Performance:

Å Low complexity.
Å Success rate is low.
Å PAPR is not high.
Å Spectral efficiency is low.

Autocorrelation approaches



/ǳǊǊŜƴǘ ǇǊŜŀƳōƭŜΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ /!{9-1 

ÅIn general, Zadoff-Chu sequences are used as preamble data.

CASE-1 : Strongest Preamble arriving first at receiver
Received signal in time domain:

Detected IBI free 
common FFT window
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In CASE-2
CASE-2 : Strongest Preamble arriving third at receiverReceived signal in time domain:

Detected FFT window will have IBI which increases BER (Bit Error Rate) drastically. 7
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Proposed Sequences

Note: In the place of all ones any constant complex number can be used. 8



Simulation 
Results

System Parameters:

Å40 MHz system.

ÅCovered by 12 different base-stations.

ÅShort term fading used here is PED-B.
with L=108.

ÅOFDM symbol size (ὔ) =8192

ÅCyclic Prefix (ὔ )=576.

ÅSNR is 10dB with respect to Strongest 
Preamble.

SCENARIO-1: Here 4th arriving preamble has the maximum power.

SCENARIO-2: Here 8th arriving preamble has the maximum power.
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SCENARIO-1

FIRST DIP DETECTION (FDD)  by 
different sequences:

Sequence Amplitude 
of Dip

Error in dip 
detection

(in samples)

All 200 ones 0.0054 0

50 ZC +   
150 ones 

0.0022 0

100 ZC + 
100 ones

0.0013 0

All 200 ZC 0.0004 31
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All 200 ones preamble in scenario-1 
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50 ZC+150 ones preamble in scenario-1 
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100 ZC+100 ones preamble in scenario-1 
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All 200 ZC preamble in scenario-1 
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SCENARIO-2

Sequence Amplitude 
of Dip

Error in dip 
detection

(in samples)

50 ZC +   
150 ones 

0.0014 0

All 200 ZC 0.0003 180

FIRST DIP DETECTION (FDD)  by 
different sequences:
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50 ZC+150 ones preamble in scenario-2 
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All 200 ZC preamble in scenario-2 
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PAPR Trade-off
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PAPR Trade-off
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