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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the 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 TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG 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 document.

1
Scope

This Technical Specification (TS) provides a general description of the in-band modem as specified for the European eCall emergency service. The eCall modem enables the reliable transmission of accident and emergency related data e.g. accurate location, direction of travel and vehicle identity information, to a Public Service Answering Point (PSAP). The eCall modem is intended to operate over existing mobile cellular and fixed networks that support Teleservice 12 (TS12) [2] emergency voice calls, and specifically over those networks that support 112/E112 emergency calls. 
The Minimum Set of Data (MSD) will normally be transmitted, upon request, immediately following the establishment of a voice call to the PSAP and, when required, additional data may also be transferred during the emergency call. Reliability is achieved by an enhanced FSK modulation technique and includes error protection, interleaving and synchronization. In addition to the general description given in the present document, the eCall modem algorithm is fully specified, together with a bit exact ANSI C-code reference, in TS26.xyz [8]. 
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 22.003: "Circuit Teleservices supported by a Public Land Mobile Network (PLMN)".

[3]
3GPP TS 22.004: "Services and System Aspects; General on supplementary services".

[4]
3GPP TS 22.101: "Service aspects; Service principles".
[5]
3GPP TS 22.105: "Service aspects; Services and service capabilities".

[6]
3GPPTS 23.002: "Services and Systems Aspects; Network architecture"
[7]
3GPPTS 24.008: "Mobile radio interface Layer 3 specification; Core network protocols"
[8]
3GPP TS 26.xxx: "eCall Data Transfer – in-band modem solution; ANSI-C Reference Code ".
[9]
3GPP TS 26.xxx: "eCall Data Transfer – in-band modem solution; Conformance Testing".

[10]
3GPP TR 26.xxx: "eCall Data Transfer – in-band modem solution; Characterization Report ".

3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
eSafety: 
European Commission sponsored forum for the improvement of  road safety aspects for European citizens
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.
E112 call :  An emergency call initiated using the pan-European harmonised number 112, with additional ‘best effort’ location information  provided by the network operator.
3.2
Abbreviations
For the purposes of this TS, the following abbreviations apply:

eMLPP
Enhanced Multi‑Level Precedence and Pre‑emption service
IVS

In Vehicle System (eCall terminal and associated sub-systems in vehicle)
TS11
Teleservice 11

TS12
Teleservice 12

PSAP 
Public Service Answering Point

4
General
As currently defined by the European Commission’s eSafety initiative, and as specified in TS 22.101 [4], an eCall shall consist of a Teleservice 12 (112/E112) emergency call supplemented by a minimum set of emergency related data (MSD) [5]. The contents of the MSD e.g. vehicle identity, location information and other parameters, are defined by national public safety authorities. Using this information, the emergency services can accurately locate and provide more rapid assistance to accident and emergency victims, thus saving many more lives and reducing the long term effect of some injuries. 
As with an E112 emergency call, the integrity of the MSD sent from the vehicle to the Public Service Answering Point (PSAP) has to be ensured. The eCall in-band modem, described in this technical specification shall, upon request, reliably transmit the MSD immediately following the establishment of the voice call to the Public Service Answering Point (PSAP). 
The use of an in-band modem for the eCall service requires minimal or no changes to existing networks that support TS 12 emergency calls. This enables simple, reliable routing of both voice and data to the same PSAP, more rapid regional deployment of the eCall service and, most importantly, a greater chance of survival for the accident and emergency victims. As with E112 calls, eCalls are afforded the same network access and routing priority as other TS12 emergency calls. 

It is envisaged that the in-band modem described in this document may also be used for EDATA applications, as specified in TS22.101 [4], and for telematics, telemedicine, human to machine (H2M) and for machine to machine (M2M) communications.

For the purposes of the present specification it has been assumed that the eCall modem and 2G/3G radios are integral to the In Vehicle System (IVS).
5
In-band transmission of data over speech channels
Mobile networks that support speech services (TS 11) and emergency voice calls (TS12) are typically not optimised for the transmission of non-speech tones e.g. DTMF, fax, music, or in-band modem tones.  The eCall modem described in this specification has been specifically designed to overcome many of the potentially adverse effects associated with  the transmission of non-speech tones via existing 3GPP specified speech codecs, Voice Activity Detectors (VAD type 1 and type 2), G.711 transcoding and other speech processing network entities. The need for robust and reliable data transmission over existing speech channels in sub-optimal radio conditions is also essential for the integrity of the eCall service.
5.1 
Radio conditions and impairments

Adjacent channel interference can result in significant signal to noise (C/I) impairments leading to the loss of speech frames and the introduction of data errors.  To counter this problem the algorithm provides reliable transmission and reception performance over a range of C/I conditions and speech codec bit rates. The modem also preserves the integrity of the transmitted MSD content through the use of predictive FEC and interleaving.
5.2
Mobility management, cell changes and handovers

When registered on a mobile network an eCall terminal will be subject to the same mobility management (MM) procedures as specified for other UEs. These MM procedures, together with an optional eCall identifier and call routing procedures, are defined in TS24.008[7]. 
If a cell change or handover between radio access networks occurs during an established eCall , and data is being transferred, then some data may be lost. When this occurs the modem located in the PSAP (modem-server) will detect the loss of data and will not return an acknowledgement (ACK). The sending modem may then re-send part or all of the MSD; subsequently the PSAP operator can initiate a request for the MSD to be re-sent at any stage during the call.
5.3 
Immunity to random speech, DTMF and common network tones

Random speech and network tones, that may be encountered whilst establishing an emergency call to a PSAP, can cause false triggering of the modem transmission. Where the PSAP has not been upgraded to handle eCall data, this can lead to several seconds of audible data tones being heard by a PSAP operator. To avoid this problem the eCall modem is designed to reject random speech and  network tones and to respond only to valid data requests (calling tones) sent by the PSAP eCall modem-server. As part of the selection and conformance testing process, when subjected to 30 minutes of random speech and 30 minutes of DTMF and common network tones, the in-band modem was found to be resilient to false triggering.
5.4 
Delay before a caller can speak to a PSAP operator
When an eCall is initiated automatically, following an accident or the inflation of an airbag, then the MSD will normally be sent within the recommended first 4 seconds from the time that the call is answered by the PSAP / PSAP modem-server.  If the radio conditions are poor then this may take a little longer, however,  as the MSD is likely to be less than the permitted  maximum 140 bytes this should not add greatly to the recommended transmission time. In these circumstances the user is unlikely to be aware or inconvenienced by this short delay before being able to speak with a PSAP operator.
When the user manually initiates an eCall by e.g. pressing an SOS button, then the expectation is that a PSAP operator will answer the call within about 4 seconds from the user hearing the ring-back tone.  Whilst the IVS terminal is expected to provide a visual and/or audible call progress indicator to the user, it is important that under good radio operating conditions the data be sent without undue delay and within the recommended 4 seconds, as previously described. During conformance testing, under good channel conditions the time for the eCall modem to reliably transmit 140 bytes of data and receive an acknowledgement, was found to be less that the recommended 4 seconds. The full results of the conformance testing can be found in TS26.xyz [9]. 
5.4
 Impact of supplementary services on in-band data
With the exception of  Multicall (MC) and eMLPP,  the supplementary services as defined in TS22.004 [3] are not applicable to Circuit Switched TS12 emergency calls. Therefore, the transmission of data over an established in-band connection between the transmitting and receiving eCall modems  should not be adversely affected by the attempted invocation of  mobile network centric supplementary services applicable to other Teleservices.
6
eCall service architecture
The eCall system is expected to be installed in a wide range of vehicle types including cars, busses, commercial goods vehicles and possibly motor cycles. A typical installation is likely to comprise an IVS that gathers the eCall data from the vehicle systems including - impact sensors, SOS buttons, GPS derived location information, direction of travel, vehicle type and identity (VIN), and fuel type. The IVS populates the various fields in the Minimum Set of Data (MSD), compiles the data and sends it to the eCall Transmitter (DTE). The DTE provides the communications control function for the in-band modem transmitter (DCE).  Subject to vehicle type and configuration, the mobile network radio access components, including the speech codecs, will normally form an integral part of the IVS; exceptionally, an external UE may be used to access the mobile network. 
Figure 6-1 shows the vehicle eCall architecture comprising IVS, DTE, DCE and the UE, shown logically separated. In addition to the data handling components the IVS also supports the audio (microphone and speaker) interfaces, a muting function, and other ancillary functions e.g. call progress monitor and MMI.  An IVS shall also support a SIM/USIM application in accordance with TS22.101 [4].  
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Figure 6-1: One possible eCall Architecture inside the vehicle

Sequence of operation:

1.
The In-Vehicle System (IVS) controller receives inputs from various vehicle sensors, that may include the user accessible SOS button, analyses the data and decides to initiate an eCall. 

2.
 The Minimum Set of Data (MSD) fields are populated with the available accident and emergency related data and the MSD is compiled.

3. The IVS sends an emergency voice call set-up request to the access radio function (UE), together with an eCall service identifier.  The UE sets either Bit 6 (manually initiated eCall) or Bit 7 (automatically initiated eCall) in Service Category IE and sends the TS12 emergency call set-up message to the network [7]. 
a.
If the IVS is an eCall only capable terminal i.e. is not subscribed to other services, it will be necessary for the eCall terminal to register on a mobile network that may or may not require the authentication of the terminal prior to granting the emergency call request. 
4.
On receipt of the emergency call set-up message the MSC will establish a voice call to the serving PSAP or, optionally, route the call to a dedicated eCall PSAP if the eCall identifier is supported by the network. 
5. If the PSAP is eCall capable (equipped with an eCall modem - server) then on answering the call the PSAP modem will send a short [insert vale] data request to the IVS modem. 

a.
If the PSAP is not equipped to handle eCalls no request for data will be sent and the IVS will, after a short period, un-mute the speaker and microphone audio channels. The call will then be handled by the PSAP operator as a normal 112 / E112 emergency voice call.  

 6. 
The IVS modem will validate the request to send data, to preclude false triggering, and route the request to the eCall Receiver (DTE). The requested is then passed to the eCall Transmitter (DTE) function.

7.
Upon receiving the request to send data to the PSAP, the eCall Transmitter (DTE) will initiate a request to the IVS modem (DCE) to send the MSD.  
7
Technical Description of the eCall In-band Modem Technology
7.1
Overview
The eCall voice band modem (VBM) is an in-band signaling protocol that provides reliable, acknowledged delivery of data payloads.  Rather than simply relaying a stream of bytes, the modem delivers application data as a sequence of discrete message payloads.  This approach relieves the overlying application of certain protocol responsibilities such as stream synchronization, error detection, and message retransmission.  The application still retains the option of transmitting the MSD in two or more separate message payloads.

The error control scheme employed by the modem is directly integrated with its automatic repeat request (ARQ) scheme to provide timely feedback to the transmitting modem on the progress of each message delivery.  This feedback is provided in the form of short status messages, transmitted simultaneously in the opposite direction across the speech channel.  To avoid interference during full-duplex signaling, the modem on the mobile side uses a pre-defined transmission band that has minimal overlap with the one used by the modem on the network side.  This is a precaution against reflections that might occur over an analog signal path.
The ARQ scheme works by fragmenting each message payload into a series of  independent frames.  Each frame carries overhead for error correction and detection.  Because error detection can be localized to a single frame, a selective repeat mechanism is employed to achieve the most efficient retransmission of lost frames.  This scheme provides both error checking and explicit acknowledgement of each message frame, thereby satisfying the acknowledgement requirement for the MSD transmission.

To achieve delivery of 140 bytes of MSD data in 4 seconds, the effective data rate of the VBM is at least 280 bits per second.
The transmitter and receiver are based on an FSK modulation of 2.5 msecs per symbol, and operate in an 800 bps mode and a 400 bps mode. The forward error correction method used is based on  BCH block codes.
7.2
Software Description

The eCall modem  resides between the eCall application layer and the digital audio interface to the voice channel.  The two eCall modem  implementations (IVS and PSAP) are functionally symmetric except for the frequency band used in the modulation algorithm.  Each side uses a separate, pre-assigned transmission band to allow for full-duplex modulation without the need for echo cancellation.

The transmitting modem uses two basic modes of FSK signalling: a four-tone FSK scheme transmitting at a raw rate of 800 bps, and a two-tone FSK scheme transmitting at a raw rate of 400 bps.

The receiving modem uses a two tone FSK mode for transmitting acknowledgements back to the vehicle.

All three FSK modes use a 2.5-millisecond symbol interval (400 symbols per second).  One frequency is transmitted during each interval according to the digital data for that interval.

8
Complexity and Memory Requirements 

According to PD2 (S4-080226) “Performance Requirements/Objectives and Design Constraints”, the design constraints for the eCall modem are given in PD2 as:

· The candidate algorithm as implemented in the IVS should not have more than 10 times the complexity of CTM.  The candidate algorithm as implemented in the PSAP should not have more than 20 times the complexity of CTM.
The complexity is estimated by compiling the C-Codes under similar compiler conditions and then measuring the processing times.

· The candidate algorithm as implemented in the IVS should not require more than 20KB of data memory.  The candidate algorithm as implemented in the PSAP should not require more than 40KB of data memory.
The memory requirements are estimated by inspection of the C-Codes.
Meeting this requirement provides some assurance that the modem can be implemented at reasonable cost, an important consideration for a mandatory emergency service.  Any barrier to wide deployment of life-critical services should be minimized as much as possible.

The eCall modem shall be evaluated to verify that it meets these requirements.

8.1 
eCall Modem Complexity

[ Editor's note: The eCall modem complexity shall be measured relative to the core algorithmic functions as provided in the CTM reference code (3GPP TS 26.230).   As suggested in the PD2 requirements, a relative measure of the processing times shall be obtained by compiling both the CTM and  eCall software with the same compile settings in the linux environment.  The “gprof” profiler is a possible tool for obtaining the processing times of the algorithms under perfect channel conditions and in the presence of channel bit errors. The latter will exercise the error correction functions.  This comparison will be made at a later time.]
8.2 
eCall Modem Memory

[ Editor's note: The data memory required is TBD.]
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