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® Long Term Evolution (LTE) ® GNU Radio

® Der kommende ® Open Source SDR Framework
Mobilfunkstandard B Flexibilitat
® Hohe Performance ® Modularitat

Erste LTE-Implementierung in GNU Radio
® Grundlage fur Verstandnis
® Test neuer Algorithmen
® | eicht erweiterbar
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LTE-Luftschnittstelle ﬂ(".

® Grundlagen
® Einsatz von OFDM (15kHz Untertragerabstand)
® MIMO-fahig
® Viele verschiedene Modi

® Variable Bandbreite (1,4-20MHz)
® Verschiedene Antennenkonfigurationen (bis zu 4x4 MIMO)

20 MHz

10MHz

SMHz

=) 7, dekodierende Parameter
® Bandbreite
® Antennenkonfiguration
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LTE-Luftschnittstelle - Framestruktur ﬂ(".
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® Framestruktur

® Frame (10ms) /\ /\

B 10 Subframes cp OFDM Symbol e OFDM Symbol
® 10 * 2 Slots T Toron ‘
. 10 * 2 * 7 SymbOIG Tsymbo\

W System Frame Number (SFN)

A

Y

10 ms

Frame

Subframel|Subframel|Subframel|/Subframe||Subframe!|Subframe||Subframe|/Subframel|[Subframe||Subframe|
'Slot|Slot||Slot|Slot||Slot|Slot||Slot|Slot || Slot|Slot | Slot|Slot|/Slot|Slot||Slot|Slot || Slot|Slot |/ Slot|Slot |

|Symbol||Symbol||Symbol||Symbol|{Symbol| Symbol|[Symbol|
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LTE-Luftschnittstelle - Framestruktur
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OFDM Symbole
Resource Element—
Slot
W W
| W
B Pilotsymbol—»
- I |
)
j
2
5 u ]
—Pilotsymbol Y
. B fUr anderen
Antennenport
Resource Block >
| |
|
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LTE-Luftschnittstelle -
Synchronisationssymbole ﬂ(".

m Synchronisationssymbole in Slot 0 und 10
® Tragen Information uber die Cell ID

® Primary Synchronization Symbol (PSS)
B letztes Symbol Cell ID =
®m Zadoff-Chu-Sequenzen (eine von 3) 3 * (Cell ID group)
® Secondary Synchronization Symbol (SSS) + (Cell ID number)
W vorletztes Symbol

B [nterleaved m-Sequenzen

\ Frame |

Sublramel[Subframel[Subframe|Subframe|[Subframel|Sutlirame|[Subframel|Subframe|[Subframe|Subframe]
|Slof Slot |[Slot |Slot ||Slot | Slot|[Slot | Slot || Slot | Slot || SIoff| Slot || Slot | Slot || Slot | Slot ||Slot | Slot || Slot | Slot |

mmm)7u extrahierende Parameter
® Framestart
m CelllD
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LTE-Luftschnittstelle — Broadcast Kanale ﬂ(".

® Master Information Block (MIB)
® Bandbreite

® Physical hybrid-ARQ Indicator
Channel (PHICH)

B Resources
B Duration

W System Frame Number (SFN)
MSBs

® Broadcast Channel (BCH)
@ Anzahl Antennenports

® Physical Broadcast Channel
(PBCH)

® SFNLSBs

Bandbreite >

PHICH Daten __ n1183 |

\ /

SFNMSBs )

Anzahl Antennenports

MAC-Layer

SFN LSBs

PHY-Layer
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Ubersicht XIT
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® Implementierung in GNU Radio
® Ubersicht Flowgraph
® Synchronisation
@ Datenverarbeitung in den Kanalen
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Implementierung

CP-based Syncronization P55 Synchronization
FFT length: 512 FFT length: 512

Extract occupied tones
resource blocks: &

FFT length: 512

-

CP freq Estimation
FFT length: 512

FFT

FFT Size: 512

Forward/Reverse: Forward
Window: window.rectangular...

Shift: Mo

Num. Threads: 1

_.“- OFDM linear Estimator PBCH demux
resource blocks: & resource blocks: &

=

10 23.11.12

555 Synchronization

Daemon: dasmon

FFT length: 512
Remove CP

FFT length: 512

SKIT
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Pre Decoder
RX style: tx_diversity

Layer demapper
antenna ports: 1
RX style: tx_diversity

Pre Decoder
RX style: tx_diversity

Layer demapper
antenna ports: 2
RX style: tx_diversity

un
.

Interleave
D bli PSK soft demod
‘ escrambling M Q em _ -t B .. Length: 240

Rate unmatch BCH Viterbi CRC Calculator
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Implementierung

@ Synchronisation

® CP-basierte Synchronisation PSS Tag _ >
FFT Length: 512

W Tags: Symboltakt K FFT
. PSS SynChronlsatlon PSS Selector h». ::::aur:;:el\zlerse: Forward

® Tags: Halbframetakt ihuiuitn BN el T

. . Num. Threads: 1

® Frequenzsynchronisation : _ \\\

® FFO ST

T - - PSS Calculator
] . Extract occupied tones ) e .
® SSS Synchronisation resource blocks: 6 F—>. Togi ety
FFT length: 512 -
W Tags: Frametakt
W Cell ID

555 Synchronizati
d CP-based Syncronization M P55 Synchronization CP freq Estimation Daem]::‘;a;-,nn:ﬂ on
S FFT length: 512 _ » # FFT length: 512 EFT lemoth 512

I Cell ID = 3 * (Cell ID group) + (Cell ID number)

Selector: pss_sel
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Implementierung

® Physical Broadcast Channel (PBCH)
® Demultiplexing
® Predecoding
® |ayer Demapping
|
|

QPSK Soft Demodulation

Descrambling
B 4 Teile
® SFNLSBs

Layer demapper

antenna ports: 1

RX style: tx_diversity ﬁln:::;:vegqn -_
€ H

Pre Decoder
RX style: tx_diversity

PBCH demux
resource blocks: &

antenna ports: 2

RX style: tw_diversity RX style: tx diversity

Pre D - \ Layer demapper

4—‘ Descrambling H QPSK soft demod _4—
*
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Implementierung

® Broadcast Channel (BCH)

@ Rate Unmatching
® Deinterleaving

® Viterbi-Decoding
® CRC-Check
W Fur verschiedene Antennenports

® Master Information Block (MIB)

SKIT
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Decoded 411
Decoded 413
Decoded 419
Decoded 422
Decoded 425
Decoded 426
Decoded 429
Decoded 431
Decoded 433
Decoded 434
Decoded 435

Konsole

N_rb_di = 50
N_rb_dl = 50
N_rb_dl = 50
N_rb_dl = 50
N_rb_di = 50

N_rb_dI = 50
N_rb_dI = 50
N_rb_dI = 50
N_rb_dI = 50
N_rb_dI = 50
N_rb_dI = 50

BCH

*‘ Rate unmatch H BCH Viterbi _—». CRC Calculator

(e -5 |

N ant-ie{M ant

MIB unpack
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Ubersicht XIT
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W Messergebnisse
W Ausblick
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Karlsruher

Messung
Dekodierte SFNs
n Gondelshej_mr | - o S84
Sl - p— o
586
587
590
591
593
605
CellID 124 613
Anzahl Antennen 2 621
Bandbreite 10 MHz (50 RBs) 629
PHICH Duration normal 633
PHICH Resources 1 634
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Zusammenfassung und Ausblick Q(IT

® Grundlagen fur den Empfang von LTE-Signalen werden bereitgestellt
® Synchronisation
® Kanalschatzung
W Extraktion der Systemparameter

W Zukunftige Moglichkeiten fur Erweiterungen
® Dekodierung weiterer Kanale
® Implementierung in GNU Radio
® Optimierungen
W der Synchronisation
® des Kanalschatzers
® FEinsatz von Message Passing
@ Einsatzbeispiel
® Belegungsmessungen
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