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Introduction
This document describes a voice-band modem (VBM) protocol for reliable transfer of eCall data.  

Its maximum effective data rate is 325 bits per second.

Service requirements

TS 22.101 [1] gives the following requirements for the transfer of MSD from the in-vehicle system to the PSAP:

A.27 
Requirements for the transfer of eCall Minimum Set of Data (MSD)

With the exception of the following specific requirements, considered necessary for the satisfactory operation of the eCall service, all existing TS12 emergency call requirements shall apply.

An eCall shall consist of a TS12 emergency call supplemented by a minimum set of emergency related data (MSD). The definition of the data e.g. vehicle identity, location information and other parameters, is defined by the public safety authorities.

-
An eCall may be initiated automatically, for example due to a vehicle collision, or manually by the vehicle occupants;

-
The Minimum Set of Data (MSD) sent by the In vehicle System (IVS) to the network shall not exceed 140 bytes; 

-
It shall be possible for the PSAP to acknowledge receipt of the data;

-
The MSD should typically be made available to the PSAP within 4 seconds of being sent to the network; 

-
Should the MSD component not be included in an eCall, or is corrupted or lost for any reason, then this shall not affect the associated TS12 emergency call speech functionality.

Signalling Scheme
As stated in the requirements, the MSD contains up to 140 bytes that "should typically be made available to the PSAP within 4 seconds."  This corresponds to an effective data rate of 280 bits per second (bps).

The VBM on the mobile side uses two basic modes of FSK signalling

· A four-tone FSK scheme transmitting at a raw rate of 800 bps.  The signalling frequencies are 500, 900, 1300, and 1700 Hz.

· A two-tone FSK scheme transmitting at a raw rate of 400 bps.  The signalling frequencies are 500 and  900 Hz.

The VBM on the network side uses a third FSK mode (for transmitting acknowledgements back to the vehicle):

· A two-tone FSK scheme transmitting at a raw rate of 400 bps.  The signalling frequencies are 1200 and 1600 Hz.

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.

	FSK Mode
	Frequency (Hz)
	Digital data

	Mobile side (800 bps)
	500
	"00'

	
	900
	"01"

	
	1300
	"10"

	
	1700
	"11"

	Mobile side (400 bps)
	500
	"0"

	
	900
	"1"

	Network side (400 bps)
	1200
	"0"

	
	1600
	"1"


Table 1: Frequency parameters for VBM modulation.

Figure 1 illustrates the VBM modulation algorithm.  The pulse train f(t) takes values from Table 1.  The signal is then integrated to obtain a time-varying phase signal (t) for the output sinusoid.


[image: image1.emf]2.5 ms

f(t)

...0101...

2p

sin( . )

f(t)

x(t)


________________________________________________
Figure 1: Frequency parameters for VBM modulation.

Figure 2 describes VBM's periodic transmission sequence.  Each "Type" pattern indicates whether the accompanying frame data was transmitted using the 400-bps mode or the 800-bps mode.  The frame data itself contains fields for message reassembly and error control.  Note: Any time the 400-bps mode is used, the modem on the network side has an opportunity to transmit short status messages back to the mobile without using an overlapping frequency band.
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Figure 2:  Periodic transmission sequence for VBM.

Clock recovery is accomplished by transmitting a pre-defined modulation "Sync" pattern at the beginning of each period.  The 60-millisecond pattern contains transitions on symbol boundaries and also at symbol midpoints.  This reduces the rate of false sync pattern detections as the frame data sections pass through the correlator.
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Figure 3: Synchronization pattern

Frame Format
Figure 3 shows the internal format of the "Frame Data" segments in Figure 2.
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Figure 3: Synchronization pattern

· Header – This is a byte allocated for message fragmentation and ARQ overhead.

· Data – This fields carries 12 bytes of MSD "payload" data.

· CRC – A 16-bit cyclic redundancy check that protects the Header and Data fields

· BCH_255_187 – Parity bits for the primitive (255,187) error-correcting code that protects all three of the preceeding fields.
Note that 12 frames can accommodate 144 bytes of payload data.  The extra 4 bytes could be used to carry a 32-bit CRC that protects the entire 140-byte MSD.

Figure 4 shows the internal format of the status messages transmitted back to the vehicle to facilitate ARQ.
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Figure 4: Status message format.

· Data – This field is allocated for ARQ feedback to the vehicle.

· CRC – A 16-bit cyclic redundancy check that protects the Data field

· BCH_63_30 – Parity bits for the primitive (63,30) error-correcting code that protects the preceeding fields.
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