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Start change 1
4.3
eCall in-band modem architecture

It is a challenging task to transmit data over the mobile voice channel as required of an in-band modem since speech codecs used in digital cellular systems are optimized explicitly for speech signal compression. Therefore, modem signals may incur heavy distortion after passing through the effective transmission channel consisting of speech codec, possible degradations on the radio channel, and speech decoder with error concealment. Furthermore, in digital cellular communications frame losses occur regularly and increase the burden of data recovery by the in-band modem.

CTM was developed in 3GPP for transmitting text data for text telephony. It was evaluated as a potential solution for eIM in the technical report (3GPP TR 26.967 [4]) and found not able to meet eCall requirements.

The present eIM solution consists of an IVS data modem and a PSAP data modem, employing signals that have been designed to pass through modern speech codecs with only moderate distortion, yet providing sufficiently high data rates for quick MSD transmission.

The overall cellular system architecture, including the IVS and PSAP data modems, is given for information in a simplified diagram in Figure 2.

After an emergency voice call has been (automatically or manually) established, the IVS modem receiver constantly monitors the incoming signal from the speech decoder output for a trigger signal from the PSAP or, alternatively, it can be the IVS that  triggers the MSD transmission. In thelatter case, the IVS asks the PSAP to request an MSD transmission. The first operation mode shall be referred to as the pull mode whereas the latter one is the push mode. Essentially, a push of the MSD is realized by a request from the IVS to the PSAP to pull the MSD.

When prompted by a request from the PSAP operator for MSD, the IVS connects the IVS data modem transmitter to the input of the speech coder and mutes any speech from the motorist for the duration of MSD transmission to prevent it from interfering with the eCall data transmission. In general, the mircophone has to be detached from the signal path whenever the eCall modem is actively transmitting. 

The operational principles of the IVS and PSAP modems within the environment illustrated in Figure 1 are further explained in the following. Details of the employed algorithms and functions are given in clauses 5 and 6.
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Figure 2: eCall system within the cellular system architecture

4.3.1
Principle operation of the IVS data modem

The main components of the IVS data modem are illustrated in Figure 3. The MSD information input into the IVS transmitter is first appended with CRC information. These bits are then encoded in the hybrid ARQ (HARQ) encoder using FEC coding to reduce the susceptibility to transmission errors. The HARQ encoder employs a powerful state-of-the-art turbo encoding scheme with incremental redundancy added for each retransmission. The signal modulator converts the encoded data into waveform symbols which are especially suitable for transmission through speech codecs employed in present mobile systems, including the GSM Full-Rate (3GPP TS 46.001 [5]) and the various modes of AMR codecs (3GPP TS 26.071 [7]).

The IVS receiver continues to monitor the feedback messages from the PSAP data modem. As long as the received feedback messages are NACK messages, retransmissions of the MSD with incremental redundancy are automatically continued until an ACK messageis received by the IVS, or operation is terminated by the PSAP. After the transmission of the MSD information and the higher-layer ACK message is completed, the eCall modem transmitters in both the IVS and PSAP return to idle state and the signal paths from the transmitters are switched off to avoid interference with the normal voice call.

End change 1
Start change 2
5.2.5
Message handler

This function activates the appropriate functions in the IVS modem according to the message received. If the START message is received, the IVS transmitter is activated to send MSD data to the PSAP. If NACK messages have been received prior to the START messages, it requires at least 3 consecutive reliable START messages to restart the IVS transmitter. If NACK is received, retransmission starts automatically with incremental redundancy. Two subsequent link-layer ACK messages simply instruct the IVS transmitter to stop transmission and wait for the compressed higher-layer ACK message. Also, if the Sync Check fails to detect the preamble, the IVS transmitter is reset to idle state.
End change 2
Start change 3
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Figure 20: State model of the IVS
End change 3
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