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3)
Voice Activity Detector (VAD) flag;

4)
Encoded speech frame, 50 frames/s, number of bits/frame depending on the AMR codec mode;

5)
SIlence Descriptor (SID) frame (marked SID_FIRST or SID_UPD);

6)
TX_TYPE, 2 bits,  indicates whether information bits are available and if they are speech or SID information;

7)
Information bits delivered to the radio subsystem;

8)
Information bits received from the radio subsystem;

9)
RX_TYPE, the type of frame received quantized into three bits, (classified by the RSS).
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Figure 1: Block diagram of the AMR system.

5
Adaptive multi-rate speech channel transcoding

GSM 06.90 [7] describes the adaptive multi-rate speech codec and GSM 06.73 [8] defines the ANSI-C code, thus enabling the verification of compliance to GSM 06.90 [7] to a high degree of confidence by use of a set of digital test sequences given in GSM 06.74 [6].

5.1
Full rate channel

As shown in 
Figure 1
, the speech encoder takes its input as a 13‑bit uniform Pulse Code Modulated (PCM) signal either from the audio part of the Mobile Station or on the network side, from the Public Switched Telephone Network (PSTN) via an 8‑bit A‑law or 

-law to 13-bit uniform PCM conversion. The encoded speech at the output of the speech encoder is delivered to the channel coding function defined in GSM 05.03 [4] to produce an encoded block consisting of 456 bits leading to a gross bit rate of 22.8 kbit/s.

In the receive direction, the inverse operations take place. GSM 06.90 [7] describes the detailed mapping between input blocks of 160 speech samples in 13‑bit uniform PCM format to encoded blocks (in which the number of bits depends on the used codec mode) and from these to output blocks of 160 reconstructed speech samples. The coding scheme is Multi-Rate Algebraic Code Excited Linear Prediction. The bit-rates of the source codec for the adaptive multi-rate full rate channel (TCH/AFS) are listed in Table 1. An adaptive multi-rate compliant MS shall support all full rate source rates listed in Table 1. An adaptive multi-rate compliant TRAU shall support at least one source rate listed in Table 1. 
5.2
Half rate channel

As shown in 
Figure 1
, the speech encoder takes its input as a 13‑bit uniform Pulse Code Modulated (PCM) signal either from the audio part of the Mobile Station or on the network side, from the Public Switched Telephone Network (PSTN) via an 8‑bit A‑law or 

-law to 13‑bit uniform PCM conversion. The encoded speech at the output of the speech encoder is delivered to the channel coding function defined in GSM 05.03 [4] to produce an encoded block consisting of 228 bits leading to a gross bit rate of 11.4 kbit/s.

In the receive direction, the inverse operations take place. GSM 06.90 [7] describes the detailed mapping between input blocks of 160 speech samples in 13‑bit uniform PCM format to encoded blocks (in which the number of bits depends on the used codec mode) and from these to output blocks of 160 reconstructed speech samples. The coding scheme is Multi-Rate Algebraic Code Excited Linear Prediction. The bit-rates of the source codec for the adaptive multi-rate half rate channel (TCH/AHS) are listed in Table 1. An adaptive multi-rate compliant MS supporting the half rate mode of the adaptive multi-rate speech channel shall support all half rate source rates listed in Table 1. An adaptive multi-rate compliant TRAU shall support at least one source rate listed in Table 1.
Table 1: Source codec bit-rates for TCH/AFS and TCH/AHS channels

Channel
Source codec bit-rate


12.2 kbit/s (GSM EFR)


10.2 kbit/s


7.95 kbit/s

TCH/AFS
7.40 kbit/s (IS-641)


6.70 kbit/s


5.90 kbit/s


5.15 kbit/s


4.75 kbit/s


7.95 kbit/s


7.40 kbit/s (IS-641)

TCH/AHS
6.70 kbit/s


5.90 kbit/s


5.15 kbit/s


4.75 kbit/s

NOTE:
IS-641is the TIA/EIA IS-641 TDMA Enhanced Full Rate SpeechCodec.

6
Adaptive multi-rate speech channel discontinuous transmission (DTX)

During a normal phone conversation, the participants alternate so that, on the average, each direction of transmission is occupied about 50 % of the time. Discontinuous transmission (DTX) is a mode of operation where the transmitters are switched on only for those frames which contain useful information. This may be done for the following two purposes:

1)
in the MS, battery life will be prolonged or a smaller battery could be used for a given operational duration;

2)
the average interference level over the air interface is reduced, leading to better Radio Frequency (RF) spectrum efficiency.

The overall DTX mechanism is implemented in the DTX handlers (Transmit (TX) and Receive (RX)) described in GSM 06.93 [10] and requires the following functions:

-
a Voice Activity Detector (VAD) on the TX side, see GSM 06.94 [11];

-
evaluation of the background acoustic noise on the TX side, in order to transmit characteristic parameters to the RX side, see GSM 06.92 [9];

-
generation of comfort noise on the RX side during periods where the radio transmission is turned off, see GSM 06.92 [9].
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