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Foreword

The present document is a description of the Cellular Text Telephone Modem solution for reliable transmission of a text telephone conversation via the speech channel of cellular or PSTN networks

The contents of the present document are subject to continuing work within 3GPP and may change following formal 3GPP approval. Should the 3GPP TSG modify the contents of this TD, it will be re-released by the 3GPP TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to 3GPP for information;

2
presented to 3GPP for approval;

3
Indicates 3GPP approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the specification;

1
Scope

This Technical Specification (TS) concerns the eCall Data Transfer Inband Modem Solution. The eCall Modem allows the fast reliable transfer of an MSD from an IVS to PSAP. The modem consists of two separate but interfacing components, one functioning at the IVS and the other at the PSAP. After transmission of the MSD, the established channel can be used for voice communications.
The following describes the IVS and PSAP components of the eCall Modem.

2
References

This TS incorporates by dated and undated reference, provisions from other publications. These normative references are cited at the appropriate places in the text and the publications are listed hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to this TS only when incorporated in it by amendment or revision. For undated references, the latest edition of the publication referred to applies.

[1]
                  
3GPP TS 22.101 V8.6.0 “Service aspects; Service principles”
3
Definitions and Abbreviations

3.1
Definitions

eCall:
A manually or automatically initiated emergency call,(TS12) from a vehicle, supplemented with a minimum set of  emergency related data (MSD), as defined under the EU Commission’s eSafety initiative.

MSD:  The Minimum Set of Data forming the data component of an eCall sent from a vehicle to a Public Safety Answering Point or other designated emergency call centre. The MSD has a maximum size of 140 bytes and includes, for example, vehicle identity, location information and time-stamp.

3.2
Abbreviations

For the purposes of this TS, the following abbreviations apply:

       CRC                    Cyclic Redundancy Check

      DTFT                  Discrete Time Fourier Transform

IVS
In Vehicle System (eCall terminal and associated sub-systems in vehicle)

PSAP                   Public Safety Answering Point

4
Introduction
The eCall modem is used to transmit a Minimum Set of Data (MSD) reliably between the In Vehicle System (IVS) and the Public Safety Answering Point (PSAP). According to the requirements for eCall [1], the MSD can be up to 140 bytes in length. As it is essential for the data to be completely reliable, the 140 bytes is protected with a 32 bit CRC.
5
Technical description of eCall Inband Modem
5.1
Overview
The key components in the eCall modem scheme are its ability to adapt to varying channel conditions and its ability to transmit  the MSD data reliably from the IVS to the PSAP. To this end two different modulation schemes are used, a high rate modulation scheme and a low rate modulation scheme. The high rate modulation scheme has a raw bit rate of 533 bits per second, while the low bit rate has a raw bit rate of 266.5 bits per second. The design relies on a rateless code (a random linear fountain code), for transmitting the data reliably from the IVS to the PSAP. The rateless encoded packets are transmitted in bursts with CRC error detection. The number of rateless encoded packets in a burst is adapted depending upon the channel conditions. Finally the PSAP trigger to the IVS to initiate data transmission is used not only as a signal for the IVS to begin transmission, but to also give the IVS information about the channel conditions and which transmission schemes may be most effective.
5.2
Modulation Schemes
The IVS and PSAP use two different modulation schemes. They will be referred to here as the high rate and low rate modulation schemes.
For both modulation schemes, each symbol is formed as the sum 
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sinusoids out of a possible set of 
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 sinusoids, thereby transmitting 
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 bits of information.  For the high rate modulation scheme 
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 and for the low rate modulation scheme 
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.  For the high rate modulation scheme, since there are 4,396 possible ways of choosing 5 sinusoids out of a set of 16, 12 bits of information can be communicated with each symbol.  Each possible symbol has a one to one correspondence with a 16 bit binary word having exactly 5 ones. We limit this set of 4,396 words to a subset of 4,096 by taking the smallest 4,096 binary words. Similarly, for the low rate modulation scheme there are 66 possible ways of choosing 2 sinusoids out of a set of 12, so 6 bits of information can be communicated with each symbol. In this case there is a one to one correspondence between symbols and 12 bit binary words having exactly 2 ones. The set of 66 possible words is limited to a subset of 64 by taking the smallest 64 binary words.  For the high rate modulation scheme, the set of sinusoid frequencies used is 450 Hz, 500 Hz, 550 Hz, 600 Hz, 650 Hz, 700 Hz, 750 Hz, 800 Hz, 850 Hz, 900 Hz, 950 Hz, 1000 Hz, 1050 Hz, 1100 Hz, 1150 Hz, and 1200 Hz. For the low rate modulation scheme, the set of sinusoid frequencies used is 450 Hz, 500 Hz, 550 Hz, 600 Hz, 650 Hz, 700 Hz, 750 Hz, 800 Hz, 850 Hz, 900 Hz, 950 Hz, and 1000 Hz.

5.3         Demodulation

For both rates, the demodulator structure is the same. The demodulator takes the Discrete Time Fourier Transform (DTFT) at each of the 
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 frequencies and then sorts the 
[image: image11.wmf]k

 frequencies that have the highest magnitude. The window length of the DTFT is chosen to be 160 samples. Since the window length of the DTFT is an integer number of periods for each of the 
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 possible sinusoids, each sinusoid produces energy at only one frequency of the DTFT. Therefore the probability that a particular 
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 sinusoids were transmitted given the received symbol will be maximum for the 
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 largest peaks of the DTFT.  The symbol length for both modulations schemes is 180 samples.
Eighteen times oversampling is used when demodulating. So the 160 sample DTFT is taken every 10 samples.  For each DTFT taken, a quality metric is used that takes the amount of energy in the 
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 frequencies corresponding to the largest peaks of the DTFT divided by the total energy. As this number approaches 1, the confidence that the received signals are in fact valid symbols and not some other noise or interference increases.
5.4      Transmission Schemes

Three transmission schemes are used. They will be referred to here as the high , mid, and low rate transmission schemes.
The MSD  for eCall can be up to 140 bytes in length. A 32 bit CRC is used for error detection of the received 140 bytes. So if the MSD is 140 bytes in length, then the total number of  bits that need to be transmitted, including the 32 bit CRC, is 1152.
Each of the three transmission schemes breaks this 1152 bits up into 18 bit packets. So there are 64 packets per MSD. These unencoded packets will be referred to here as source packets. For the first 64 packets, the encoded packet and the source packet are the same.  Starting from the 65th packet, a random linear fountain code is used to create the encoded packets. To create an encoded packet, first a random vector of 1’s and 0’s having length 64 is created.  If the 
[image: image16.wmf]n

th random vector is denoted as 
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th source packet is denoted as 
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th source packet as 
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, then we have:
[image: image22.wmf]

[image: image23.wmf]2

mod

).

(

63

0

÷

ø

ö

ç

è

æ

=

å

=

k

k

n

n

p

k

G

e

.
So, the encoded packet is the modulo 2 bitwise sum of the source packets, 
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, for which 
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 is equal to 1. During transmission some of these encoded blocks will be lost. We assume that the receiver has knowledge of 
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 for each 
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. If at the decoder, we place the corresponding  vector 
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 for each correctly received packet,
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 ,into a matrix, 
[image: image30.wmf]D

, then when the rank of 
[image: image31.wmf]D

 becomes equal to 64, it is possible to take the inverse of  
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 and recover the source packets 
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. With a random linear fountain code, even in a clean channel typically we need to receive a number of encoded packets slightly above the number of source packets in order to be able to invert D and recover the source packets. This is because some of the random vectors generated will by chance be linearly dependent. By choosing the first 64 encoded vectors deterministically (in this case equal to the source packets), we can guarantee that in a clean channel we can decode the source packets after receiving 64 encoded packets.
Since according to the above, we have to know which encoded packets were received correctly, we now define a burst as a set of encoded packets together with a CRC.

For the high rate transmission scheme, a burst is defined as a set of 4 encoded packets with a 24 bit CRC. The burst is modulated with the high rate modulation scheme defined previously. So each burst has 4*18 + 24 = 96 bits. With the high rate modulation scheme, there are 12 bits per symbol, so 1 modulated burst with the high rate transmission scheme is 8 symbols in length or 8*180 = 1440 samples. For the high rate transmission scheme, 4 speech frames of silence are inserted every 6 bursts in order to avoid DTX.
For the mid rate transmission scheme, a burst is defined as a set of 2 encoded packets with a 12 bit CRC. The burst is modulated with the low rate modulation scheme defined previously. So each burst has 2*18 + 12 = 48 bits. With the low rate modulation scheme, there are 6 bits per symbol, so 1 modulated burst with the mid rate transmission scheme is 8 symbols in length or 8*180 = 1440 samples. For the mid rate transmission scheme, 4 speech frames of silence are inserted every 6 bursts in order to avoid DTX.
 For the low rate transmission scheme, a burst is defined as 1 encoded packet with a 12 bit CRC. The burst is modulated with the low rate modulation scheme defined previously. So each burst has 18+12 = 30 bits. With the low rate modulation scheme, there are 6 bits per symbol, so 1modulated burst with the low rate transmission scheme is 5 symbols in length or 5*180 = 900 samples. As with the other transmission schemes, 4 speech frames of silence are inserted every 6 bursts in order to avoid DTX.
For all three of the above transmission schemes, there is an associated number with each burst. The PSAP needs to keep track of which packets are received in order to build the matrix D and recover the original source packets. This burst number is appended to the group of encoded packets in the burst for the purpose of CRC calculation. So the CRC is based on the encoded packets within the burst and also the burst number. The burst number is not, however, transmitted as part of the burst. Using the burst number in the CRC computation has 2 key advantages. Firstly, transmission time is saved by not having to transmit the packet number. For constrained applications with small packets, this savings is not trivial. Secondly, simulations show that the bit stream formed by concatenating multiple packets (data with CRC) is more robust against CRC false positives caused by bad decoder synchronization. With this improvement, it is possible to use the CRC as a way to search for packet synchronization (with low probability of false detection) instead of introducing additional synchronization bit sequences. 
5.5 PSAP Trigger

The PSAP trigger is sent from the PSAP to the IVS to initiate the sending of the MSD. It needs to be robust against false detection. The high rate transmission scheme and the mid rate transmission schemes described in the previous section are used to send pseudorandom sequences. The PSAP alternates between these two transmission schemes. The high rate transmission scheme is used to send a pseudorandom sequence that is 96 bits in length. This is equivalent to one burst, except that there is no CRC, so all of the bits of the burst are allocated to the pseudorandom sequence. The mid rate transmission scheme is used to send a pseudorandom sequence that is 48 bits in length. Since the CRC is not used, this is the same length as one burst as well.
8 pseudorandom sequences of either transmission type must be received correctly in order for the IVS to decide that the trigger has been sent by the PSAP. Once the IVS has received the total of 8 pseudorandom sequences successfully, it then analyzes which sequences have been received successfully. If 2 or more sequences out of the 8 have been successfully received from the high rate transmission scheme, the IVS initiates sending data to the PSAP with the high rate transmission scheme. Otherwise, the IVS initiates sending data to the PSAP with the low rate transmission scheme. In this way the PSAP trigger gives the IVS information about the channel conditions. If the downlink channel conditions are bad, it is very often the case that the uplink conditions are bad as well.
5.6 Adaptation of the transmission rate 
When the IVS begins transmitting with the high rate transmission scheme described previously, it sends up to 24 bursts at this rate. 24 bursts would contain 24x4=96 encoded packets. Since only 64 would be needed in a clean channel, if  we have had to send 24, then clearly a significant number of the bursts have not been received correctly. If after 24 bursts at the high rate there is no indication from the PSAP that the message is successfully received, then the IVS will begin transmission at the mid rate. In both the case of the IVS beginning transmission at the mid rate and of the IVS adapting from the high rate to the mid rate, up to 36 bursts will be sent at the mid rate. If after 36 bursts at the mid rate there is still no indication from the PSAP that the message is successfully received, then the IVS will begin transmission at the low rate. 
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