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Source coding (speech coding)

• Speech is digitized before transmission.
• On the basis of subjective speech quality and complexity issues, a regular pulse excited-linear 

predictive coder (RPE-LPC) with a long-term predictor loop is used in GSM.
• Information from previous samples, which do not change very quickly, is used to predict the 

current sample. The coefficients of the linear combination of the previous samples, in 
combination with an encoded form of the residual (the difference between the predicted and 
actual sample), represent the signal. 

• Speech is divided into frames of 20-ms samples, each of which is encoded as 260 bits, giving a 
total bit rate of 13 Kbps. This is called the  full-rate speech coding 

• Other rate codings are also available – half rate, enhanced full rate etc.

3 Copyright © 2008 Nokia. All rights reserved.       <date>       <doc id> / <version and status>     

Radio Rx Bit Detection De-Ciphering

Channel 
Decoding

- - - - - - - - - - - - - - -
De- Interleaving

Speech
Decoder

Radio Tx Modulator Ciphering

Channel 
Coding

- - - - - - - - - - - - - - - -
Interleaving

Speech
Encoder

Tx ChainTx ChainTx ChainTx Chain

Rx ChainRx ChainRx ChainRx Chain

Cellular 
Protocol

Processing

User 
InterfaceApplications



Channel coding
• The encoded speech transmitted over the radio interface needs to be protected against noise, interference, and 

multipath radio propagation conditions.
• Convolutional encoding and block interleaving are used to achieve this protection. 
• From subjective testing, it was found that some bits of this block were more important for perceived speech 

quality than others. The bits are therefore divided into three classes:
•Class Ia: 50 bits, most sensitive to bit errors;
•Class Ib: 132 bits, moderately sensitive to bit errors;
•Class II: 78 bits, least sensitive to bit errors.

• Class Ia bits have a 3-bit cyclic redundancy code added for error detection. => we get 53 bits
• These 53 bits, together with the 132 class Ib bits and a 4-bit tail sequence (a total of 189 bits), are input into a 

1/2-rate convolutional encoder of constraint length 4. This gives an output of 378 bits.
• These 378 bits + 78 bits of Class II make a total of 456 bits. This implies every 20ms frame has a total of 456 
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• These 378 bits + 78 bits of Class II make a total of 456 bits. This implies every 20ms frame has a total of 456 
bits. This represents a rate of 22.8 kbps
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Interleaving

• Adjacent bits after the convolutional coding 
are distributed around the transmitted burst

• Convolutional code can correct bit-errors 
more effectively, if they are scattered over 
the block

• The 456 coded bits are permutated, and 
divided into eight blocks of 57 bits, and these 
blocks are transmitted in eight consecutive 
bursts, as described in figure below

• Each burst can carry two 57-bit blocks and 
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• Each burst can carry two 57-bit blocks and 
each burst carries traffic from two adjacent 
speech frames. This provides time diversity 
of the speech bits.

• If a sequence of several consecutive bits is 
corrupted by the degraded propagation 
conditions (fading, for example) during a 
given period of time, interleaving ensures 
that the errors will be randomly distributed 
over the block of 456 bits.

• This property is required for a better 
performance of the decoding algorithm. 
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Interleaving contd

• The following figure shows how interleaving happens for a 456 bit block
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Ciphering/De-ciphering

• To ensure secure communication, ciphering is used to modify the data parts of the 
burst, with a binary XOR operation between a pseudorandom bit sequence and the 
114 data bits. 

• The same operation is performed by the receiver for deciphering. The pseudorandom 
bit sequence needs to be the same as that the sender used. 

• The pseudorandom bit sequence is different in the uplink and in the downlink.
• Ciphering mask is generated using the ciphering algorithm
• Sender performs the ciphering i.e. XOR function of the burst and the ciphering mask
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ciphering mask
(from A5 algorithm)
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00011011... 00111110...

ciphering mask
(from A5 algorithm)

interleaved data bits ciphered
bits for burst builder

00100101...

00011011... 00111110...
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Modulation

• Modulation used is Gaussian Minimum Shift Keying
• Minimum Shift Keying is a modulation scheme evolved from Continuous phase FSK to have a 

bandwidth efficient modulation
• Gaussian Minimum Shift keying applies a filter with a Gaussian impulse response to the 

baseband signal in order to achieve a very low bandwidth requirement
• The advantages of this scheme

•Constant envelope scheme: Allowing for non linear Power Amplifier, thereby increasing efficiency
•No phase discontinuity: Allowing for reduced bandwidth usage

• Figure of merit of >1 bits/s/Hz (271Kbps at 200KHz analog BW) which is a good modulation 
technique considering the simplicity as well as the constant envelope nature of the signal
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Radio Frequency architecture
• Receiver 

•removes the RF carrier from the signal (= “down conversion”)
•amplifies the weak signal to suitable level for A/D conversion
•also rejects all interference from entering the A/D converter

• Transmitter 
•adds the RF carrier to the baseband information signal (= “up conversion”)
•amplifies the signal to the precise right level for air transmission

• Both the RX and TX need an RF sinewave for the frequency conversion => RF synthesizer is needed
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Generation 2.5

• Data transmission capabilities in GSM are limited in speed. Only 9.6kbit/s 
(or 14.4) available. Landline connections achieve 56kbit/s with common 
modem and up to 8Mbit/s using DSL technology.

• New techniques defined to speed up the GSM data.

• HSCSD is able to maximum of 64kbit/s speeds

• GPRS is able to have up to 170kbit/s connections

• EDGE will even further speed up the connections. 
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• EDGE will even further speed up the connections. 



Third Generation (3G)

• UMTS (Universal Mobile Telephone System) is a part of the International 
Telecommunications Unions's (ITU) 'IMT-2000' vision of a global family of 
third generation mobile communication system. UMTS forum coordinates 
the 3G realization

• Technology consepts and services are under development. A global 3G 
Partnership Project (3GPP), a collaboration of organizations which includes 
the GSM assocoation, are committed to specify the 3G 

• WCDMA is one part of the 3GPP work and is selected as the 3G standard 
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• WCDMA is one part of the 3GPP work and is selected as the 3G standard 
for Japan and Europe

• In US an uncompatible standard cdma2000 will be taken into use. It is an 
evolution of IS-95

• 3G networks will be opened in Japan during 2001  


