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Review

e  What we did in last time.

Symbol
Mapping

Oversampling Pulse Shaping
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Review

e Matched filtering /2 (time domain)
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Review

« Matched filtering /% (frequency domain)

Matched Filtering
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Review

« Downsampling ¥/ (time domain)
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Review

« Downsampling & (complex plane)

constellation graph ==U B constellation graph 2 ==V B
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« O] HE{O| M= Symbol Detection 1’3 0| O| F=O{ X| 7| O &HL}.

> Symbol timing, frequency offsetd| 2| S} phase rotation, etc...
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Symbol Synchronization

* Symbol synchronization
> AT A 2] delay A 2 2 QD timing error
> Incorrect pointOf| A1 2] downsampling Al inter-symbol interference (ISI)
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Symbol Synchronization

e Symbol synchronization : Maximum Output Energy (MOE) Criterion

» Received signal : y[n]
» Samples per symbol : M,.,
> Sample offsetO| k€ M (k =0,1,-+, M,,)

output energy after downsampling (factor : M,.,.)
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Symbol Synchronization

 Decimation : downsampling
> TxO| A MBH oversampling®t 412 & M&SHH
> RxO| M= MHl downsamplingS}
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Symbol Synchronization

*  Symbol synchronization=
Matched filteringZ} Downsampling AtO|Of| Al ==

Inverse
010011... Symbol Symbpl Downsampling Ma.tched USRP Rx
. Detection filter
Mapping

< Receiver > ‘

Symbol
Synchronization
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Today’s Experiment

MOE Criterion D& XI5t symbol synchronization 2.
> S =z ZE

= |Qrate: 500,000 samples/s [500 kS/s]

=  Filter : Root Raised Cosine

= Roll-off factor : 0.35

=  QOversampling factor : 16

= Center frequency : 2.3765 GHz

> Symbol sync. = 2 downsampling 214t A2 Z 2 &

= Symbol sync. T=HSIA| H 10 downsampling®t Z1f 11 time domain(Re, Im), constellation

= Symbol sync. = £ downsampling®t Z 1t 2I: time domain(Re, Im), constellation

" Jmok,alk] Jdef=e
> 1Qrate= 1,000,000 samples/s, samples per symbol= 322 S} Symbol sync.

= Symbol sync. = SHX| 210 downsampling@t Z1}41: time domain(Re, Im), constellation

= Symbol sync. = £ downsampling®t Z1}H5!: time domain(Re, Im), constellation

" Juogalk] ez



Today’s Experiment

« A1t 0| Al (1Q rate : 500,000 samples/s, samples per symbol : 16)
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Today’s Experiment

e FZindexing: Of BF=0OICH H 29| 4= =AM = HIG = MY

> While, for R0 M AR 7}s.
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Today’s Experiment
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Today’s Experiment
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Today’s Experiment

o subVl: A= AFESHE B EL| AEE CHE VILI ZEH EOf| A
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Today’s Experiment
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Today’s Experiment
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Today’s Experiment
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Today’s Experiment
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About Report

«  Due: 2024.11.25. (&) 2F 04:59

* Must be included :
> Symbol synchronization =2 41}
» MK T E(block diagram), 221 E Iff g
« HtE A| Symbol synchronization =& £ —E—% D=3}
o TF=O{%l subvi®| block diagram= H
» Case 1:1Qrate 500,000, samples per symbol 16
= Symbol sync. = SFX| &1 downsampling : time domain(Re, Im), constellation 21

= Symbol sync. = £ downsampling : time domain(Re, Im), constellation 13!

" Jmokalk] ez

» Case 2 :1Qrate 1,000,000, samples per symbol 32
= Case 11t &, B0

» Discussion

»  symbol sync. FF0| [F=2 E Al performance XtO| 0| samples per symbolO| O] X| = F&k?

«  jhchoi0226@postech.ac.kr & K| &
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