Telecommunication systems




DIAL-UP MODEMS

Traditional telephone lines can carry frequencies between 300 and 3400 Hz, giving
them a bandwidth of 3100 Hz. All this range is used for transmitting voice, where a
great deal of interference and distortion can be accepted without loss of intelligibility




Telephone line bandwidth

» The signal bandwidth must be smaller than the cable bandwidth
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A simple amplitude modulated digital signal

Phase modulation
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Frequency modulation




Modulation/demodulation
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Uploading and downloading in 56K modemes:

Quantization noise limits
the data rate
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Bandwidth division in ADSL
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Discrete Multitone Technique (DMT)

» We have 256 Channel, each Channel is 4,3125 kHz
» Voice. Channel 0 is reserved for voice communication.

» Idle. 1 to 5 are not used and provide a gap between voice and data
communication.

Upstream data and control:

> Cha{m?ls 6-30 (25 channels) are used for upstream data transfer and
control:

» 1 channel for control.
» 24 channels are for data transfer.

» If there 24 channels, each using 4 kHz with QAM modulation:
» Bandwidth = 24 X 4000 X 15 = 1.44 Mbps.

» However, the data rate is normally below 500 kbps because some of the
carriers (channels) are deleted at frequencies where the noise level is
large (some of channels may be unused).




Discrete Multitone Technique (DMT)

Downstream data and control

» Channels 31-255 (225 channels) are used for downstream data and
control:

» 1 channel for control.
» 224 channels for data transfer.

» If there are 224 channels, we can achieve up to 13.4 Mbps:
» Bandwidth = 224 X 4000 X 15 = 13.4 Mbps.

» However, normally the data rate is below 8 Mbps because some of
carriers are deleted at frequency where the noise level is large (some
of channels may be unused).




QAM modulation

mﬂ
‘ Amplitudo Phase a_ngel |
Amplitudé 5
A=1 45 1350 2250 3150
A a o o 9 A=22 18° 720 108° 162°
QAM spektrumkép 0111 0101 0001 70011 198° 2520 288° 3420
— o . A=3 45 1350 2250 3150
0110 0100 mw"'&’w
180° >0
» [+ (o] @ [&]
Frekvencia 1110 1100 | 1000 1010
® Q Q [o]
1111 1101 1001 1011

270°




Discrete Multitone Technique (DMT)

The modulation technique that has become standard for ADSL is called the
discrete multitone technique which combines QAM and FDM.
The DMT divides a 1.104 MHz bandwidth into 256 channels about 4.312 kHz each.
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Discrete Multitone Technique (DMT)

Bitek szama & owanal atiteli

&

Bitek szama

czatornank ent 4 karakteriz=tk aja & o atomnanként
Ideadlis allapot + —_
Frekwencia [Hzi Freliwencia [Hz] Freliwancia [Hzi
Bitek szama Zaj, interferencia Bitek szama
& oz atorn ik ént 4 &

Al radidadd

-+

csatornark ent

Téemdeges allapot

I

.
Frekwencia [Hz] Frebkwencia [Hz]

Frelkwencia [Hzi



ADSL?2
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VDSL, VDSL2




