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Introduction
: THz Systems
— Previous work: Development
investigation of system performance
based on channel propagation Feasibility
properties only studies
— Open issues:
How does the THz channel influence RF channel -
the performance of a THz- modeling V/
e -
communications system® I =
Which requirements arise from System
system aspects as e.g. modulation Simulations

schemes?

Final
THz System

What is the impact of RF impairments?
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Link level simulation environment

Random Data | FEC Encoder > Modulator
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« Equivalent baseband model
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Scenario for simulations

Empty room
emx4mx25m

* Height:
Transmitter (TX) 2.3 m
Receiver (RX) 0.8 m

« 25 propagation paths
1 direct path
4 with 1 reflection
8 with 2 reflections
12 with 3 reflections
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Link budget for direct path

SNR = 10 dBm transmitter power (baseband)
- 7.4 dB conversion loss

+ G, dBi antenna gain (transmitter)

- Lgg, dB  free space loss

+ G,, dBi antenna gain (receiver)

- 7.6 dB noise figure

- P, dBm thermal noise

For the direct path only:

Carrier frequency: 325 GHz - 4912421 32_1:;?]?89;%?3;9”585
N = 46. i i
Bandwidth: >0 GHz for a SNR = 10 dB
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Channel Impu

Ise Response (CIR)

N
1. Calculate the CTF of 2. Calculate the CTF of
each propagation path each path (ifft)
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Channel Impu

<
3. Sum all CIR of the
propagation paths
J

Ise Response (CIR)
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4. Extract peaks; sync and
normalize (not shown)
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Directive antennas — shapes and gain

— Antenna gain of 46.4 dBi required

— Assumption of Gaussian beam shape
(azimuth and elevation) with the
same Half Power Beam Width
(HPBW), c.f. IEEE 802.15-15-12-0102-00-0thz.

— Examples, same antenna for the
transmitter and the receiver:

HPBW gain
1,5° i
@ 51.2 dBi
15° . |
45° 12.8 dBI

BUT: Inter Symbol Interference ?

antenna gain in dB
— —
o ()]

)]

o

[y
o
T

........... 450 HPBW-

i :
i [---15°HPBW

-50 0 50
azimuth / elevation angle in degree

Transmitter Receiver

A path
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Directive antennas — spatial filtering

Problem: Inter symbol interference (ISI) resulting from multipath components (MPC)

Question: Necessary HPBW to cancel out ISI?

10 20 30 40 50 60 70 80
HPBW in degree

| Random Data ]—)[ FEC Encoder H Modulator ]

| 5

Channel
(FIR Filter)

1
1
1
1
1
1
1
1
v

¢

| Bit Error Rate l(-—{ FEC Decoder H Demodulator | 7

= a HPBW of 20° sufficiently
suppresses IS|

= put the antenna gain is to low
(only SNR not absolute power
In the simulations)

= a HPBW of 10° is suitable
(gain and ISI suppression)
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Directive antennas — misalignment

Problem: Perfect alignment of the antennas to a (direct) propagation path is impractical.
Question: How much misalignment can be tolerated (receiver, azimuth, HPBW=15°)?

¢

S

1
1
1
1
1
1
1
1
v

o

| Bit Error Rate l(-——{ FEC Decoder H Demodulator |

» a misalignment of almost 30°
can be tolerated in terms of
suppressed ISI

= put the absolute antenna gain
IS to low (normalized CIR)

» a misalignment of 7.5° means

10 e _
0 10 20 30 40 -3dB in SNR

angular mismatch in degree
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Forward error correction (FEC)

10
— Error free transmission
S ; = r | | QPSK ; requires approx. a
1|:| e . .............. .................. .................... - BER<10_9
" | - Convolutional code
10 ............... : ................. s . very efficient (regarding
o NN N 5 code rate and SNR)
el N ? 3 N | - datarate (QPSK) 50 Ghit/s
: | | » decoder is (too?) complex
—t—Hamming(7,4) H : Cod
10° | ——BCH(15.5) - namming Lode
—&—Conv (1/2) * needs higher SNR
- —E—RS(255,239) | . .- - data rate (QPSK) 57 Gbit/s
4 6 8 10 12 * very easy to decode
SNR in dB (lookup table)
SRS ORI O GRS LOR N CNOZ\VR — Quasi error free definition
SNR for simulations without FEC:
ogF) 8508 116dB 165dB 183dB  BER<10*
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Phase noise — current components

What is the maximum phase noise for a quasi error free transmission?

................................................................................................. jl |F:andomDalal—>| FEC Encoder —3{ Modulator |
£ _________________________________________________________________ _______________________________ _. ‘
L | = = N I . A o e e e e e e e e e e e e e e e | ;I,n — ]‘._{ FECDMder I‘—{ — otu'aw I
% .
£ 1. SNR as determined for
@ . .
2 _ : _ | 1 QEF without phase noise
E 00— R ; for each modulation
n : : .
£ 0l 2. Max. phase noise for
| QEF for each mod.
ol 7T 16QAM 3. Comparison with a
140 | —oscillatorl................... 0N D . .
- a commercialy available
2 . . .y
10 oscillator with a multiplier
frequency offset in Hz
Only BPSK and QPSK work with this oscillator
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Phase noise — BER and SNR

10 ——————
| ——BPSK [
| e apsk |
| apsK |

v || —E—160AM
g 10 o :

60  -50

-40 -30

phase noise in dBc/Hz

SNR in dB

-50 -40 -30
phase noise in dBc/Hz

A small increase of the phase noise (@10Hz)...
» ... Increases the bit error rate if the SNR is kept constant.
» ... can be ,compensated® by increasing the SNR slightly (BER<10-4).
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Summary

— Physical layer simulation environment
* incorporating realistic THz channels
» obtained by broadband ray tracing

— Exemplary results

 highly directive antennas (10° HPBW)
needed (ISI suppression and antenna gain)

+ fec

* phase noise is a limiting factor for
modulations schemes (only simple ones)

— Future steps:
 other scenarios
* more RF impairments

/}\‘
o [
£ 1] 1
c 151 g
£ ' 1
o
c !
& . :
% 5 45u HPBW.
¢ | ——-15" HPBW
0 1 i T
-50 0 50
azimuth / elevation angle in degree

E
: 60% | |
3 ;
£ B0 s o e —
3 \N{\
@ ——BPSK : k
] H
R ‘

—E—16QAM
1400 — oscillator

| ndom Dala}—-)l FEC Encoder l——)[ Modulator I

Rai
T
1
1
1
1
1
I
1
1

v

Bit Error Rate I(—{ FEC Decoder l(—( Demodulator |

10° 10" 10°
frequency offset in Hz

Submission Slide 19

Sebastian Rey, TU Braunschweig



July 2013 doc.: IEEE 802.15- 15-13-0406-00-0thz

Thank you for paying attention.

Dipl.-Ing. Sebastian Rey
rey@ifn.ing.tu-bs.de
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