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Start change 1
4.2
eCall system requirements

The eCall service requirements have been defined in 3GPP TS 22.101 [1], and are reproduced here for information. Not all of the requirements apply to the eCall modem specification in this document.

 -
The data may be sent prior to, in parallel with, or at the start of the voice component of an emergency call.

-
Should the PSAP request additional data then this may be possible during the established emergency call.

-
The realisation of the transfer of data during an emergency call shall minimise changes to the originating and transit networks.

-
Both the voice and data components of the emergency call shall be routed to the same PSAP or designated emergency call centre.

-
The transmission of the data shall be acknowledged and if necessary data shall be retransmitted.

-
A UE configured only to transfer data during emergency calls (e.g. eCall only UE) shall not generate signalling to the network besides what is needed to place an emergency call.

-
The UE shall indicate at call setup if the emergency call will carry supplementary data.

The following specific requirements are considered necessary for the satisfactory operation of the eCall service. Additionally, 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).

-
An eCall may be initiated automatically, for example due to a vehicle collision, or manually by the vehicle occupants.
-
An IVS, or other UE designed to support eCall functionality, shall include in the emergency call set-up an indication that the present call is either a Manually Initiated eCall (MIeC) or an Automatically Initiated eCall (AIeC). 

-
The Minimum Set of Data (MSD) sent by the In vehicle System (IVS) to the network shall not exceed 140 bytes.
-
The MSD should typically be made available to the PSAP within 4 seconds, measured from the time when end to end connection with the PSAP is established.
-
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
-
A call progress indication shall be provided to the user whilst the MSD transmission is in progress
-
To reduce the time taken to establish an eCall an IVS whilst in eCall only mode, may receive network availability information whilst not registered on a PLMN. 

-
Optionally, PLMNs may make use of eCall indicators, received in the emergency call set-up, to differentiate eCalls from other TS12 emergency calls.

-
The MIeC and AIeC may be used to filter or route eCalls to a dedicated PSAP operators.
Throughout the duration of the emergency call and following receipt of the MSD by the PSAP

-
It shall be possible for the PSAP to send a confirmation to the IVS that the MSD has been acted upon.

-
It shall be possible for the PSAP to request the IVS to re-send its most recent MSD.
-
It shall be possible for the PSAP to instruct the IVS to terminate the eCall.
For the purpose of selecting the best performing eIM solution, these service requirements have been further clarified, and performance objectives under different radio channel conditions as well as design constraints are defined in Annex A.
End change 1
Start change 2
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 message set (containing a link-layer ACK message and a compressed higher-layer ACK message from the application layer) is 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.

This document only specifies the eCall modem for the transmission of one MSD of length 140 bytes. Messages shorter than 140 bytes are assumed to have been padded, e.g., with zeros before being fed to the IVS transmitter. Longer message lengths would require a packet segmentation mechanism as well as adaptations to the transmission protocol, which are out of scope for this document.
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Figure 3: eCall IVS data modem overview

4.3.2
Principle operation of the PSAP data modem

The main components of the PSAP data modem are illustrated in Figure 4. After having triggered the IVS data modem for transmission of MSD, the eCall PSAP receiver continuously monitors the incoming signal from the PSTN.  When the eCall data signal is detected and synchronized, the signal demodulator demodulates the incoming data symbols. The HARQ decoder soft-combines the first MSD transmission with any retransmissions of the information and decodes the FEC to determine the information bits, i.e. its estimate of the CRC protected MSD information. If a CRC error is detected in the decoded MSD, the PSAP receiver returns NACK and thereby prompts the IVS transmitter to provide retransmissions with incremental redundancy. Otherwise, the MSD information is provided to the PSAP operator and the IVS transmitter is notified with link-layer ACK messages that retransmissions are no longer required. To conclude the MSD transmission sequence, a compressed higher-layer ACK message (received from the application layer) is repeatedly transmitted from the PSAP to the IVS.
The incoming speech path is switched off when the PSAP transmitter needs to use the voice channel for feedback messages. Once the MSD is correctly received and the compressed higher-layer ACK message is transmitted, the speech path is unmuted to avoid interference with the normal voice call.
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Figure 4: eCall PSAP data modem overview

End change 2
Start change 3
5.2
IVS receiver

The IVS receiver demodulates and decodes feedback messages (START, NACK, link-layer ACK, and compressed higher-layer ACK) from the PSAP. It starts the IVS transmitter after detecting a request message (the START trigger) for MSD data transmission on the downlink. The different blocks of the IVS receiver are shown in Figure 13.
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Figure 13: IVS receiver block diagram

5.2.1
Synchronization detector

For support of the synchronization/detection function, each synchronization frame includes two parts, which are denoted as synchronization tone and synchronization preamble as described in clause 5.1.6.

NOTE:
The downlink synchronization frame is identical to the uplink synchronization frame (except that the downlink only uses a frequency of 500 Hz for the synchronization tone), however, the data frame formats are different in uplink and downlink.

The synchronization detector has two main functions:

1)
Scan the input signal and identify the start of an eCall data transmission. The result of this operation is a synchronization detection flag which indicates whether or not eCall data transmission has been detected.

2)
Determine the timing of the data frame. The result of this operation is timing information from which the location of the data burst in the input signal can be calculated at sample resolution. 

To avoid false detection of an eCall data transmission in the IVS receiver, the synchronization detector evaluates three consecutive sync frames. It sets the detection flag DF = 1, only if the same timing information is detected in three successively detected sync preambles. This feature is also required to prevent misdetection of the START message and to keep the synchronization failure rate at virtually zero.

The synchronization preamble sequence in Figure 10 is constructed to have good autocorrelation properties for optimal detection as shown in Figure 14.
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Figure 14: Autocorrelation properties of pulse sequence of Figure 10

The synchronization algorithm acquires the delay value by checking the correctness of the distance between the five correlation peaks. A preamble is considered detected if either the pair of peaks (2, 4) or the pair of peaks (1, 5) exhibit correct distances from each other, provided that they fulfil certain amplitude constraints (the amplitude differences shall not differ by more than a factor of 3 and their average shall not be less than half of the global maximal sync filter output since first activation of the synchronization detector). Additionally, a preamble is also considered detected if any four peaks are detected without significant amplitude constraints except for a global threshold.
To distinguish between compressed higher-layer ACK message and link-layer ACK messages on the downlink, an inverted sync pulse sequence precedes the compressed higher-layer ACK messages. The synchronization detector determines the signs of the autocorrelation pulses independently from the absolute peak values and peak distances. If the IVS has already detected a lower layer acknowledgement for the current MSD, the correlation peak signs are used to determine whether the incoming feedback message is a link-layer ACK or compressed higher-layer ACK message. 
Because feedback messages are transmitted continuously on the downlink, it is usually sufficient for the IVS receiver to perform the synchronization only once per MSD. This means, synchronization can be locked once an eCall data transmission has been detected and the timing information has been computed. Nevertheless, there exist rare scenarios that may require a resynchronization due to lost synchronization, e.g. because of an adaptive jitter buffer. Therefore, the correctness of the synchronization is checked continuously (referred to as ‘Sync Check’) by evaluating the correlation at the expected peak positions for any of the feedback messages. The data part of a message is ignored if all five peak values are significantly below the average peak amplitude that triggered the original synchronization event. If this happens 8 times in a row, the IVS resets itself.

5.2.2
Timing Unit

The timing unit adjusts the timing of the received signal for the following processing stages according to the timing information obtained by the synchronization detector.

5.2.3
De-multiplexing

The de-multiplexer removes the muting and synchronization signals from the input data stream.

5.2.4
Data demodulation and FEC decoding

The data demodulator and decoder on the downlink are represented by a single correlator matched directly to the modulated downlink waveforms. The received waveform is correlated to each of the stored waveforms and a maximum likelihood decision on the feedback message, msg, is made.
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Since only a very small number of different data messages (see Table 3) is used on the downlink, the entire expected signal patterns can be stored at the IVS receiver. These patterns have a length of 480 samples each (corresponding to 60 ms, which is the length of modulated feedback messages). In the demodulator/decoder the cross-correlation between the received signal and the stored pattern for each possible transmit message is calculated, and a decision for a message is made according to individual correlation thresholds. If synchronization has detected a message, but the demodulator threshold is not reached for either of the valid messages, the message is marked as unreliable and ignored in the case of lower-layer ACK or NACK. In case of START, the first six unreliable messages are ignored, but subsequent unreliable messages are not distinguished from reliable ones any more. The compressed higher-layer ACK is considered as successfully received if three consecutive messages (irrespective of reliability), or two reliable, consecutive messages, are detected with identical data.
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 wait for the compressed higher-layer ACK message, and to stop transmission afterwards. Also, if the Sync Check fails to detect the preamble, the IVS transmitter is reset to idle state.
End change 3
Start change 4
6.1
PSAP transmitter

The PSAP transmitter generates the signal sent on the downlink. This signal is required to control the transmission of the MSD message on the uplink. The different blocks of the PSAP transmitter are shown in Figure 15.


[image: image6.emf] 

CRC flag 

Modulated BCH encoded   message  

Muting   signal  

Sync   signal  

MUX  

S TART   trigger  

PSAP  data    Tx  signal  

Speech   encoder  input  

Audio - in   processor  


Figure 15: PSAP transmitter block diagram

6.1.1
Message encoding

The PSAP transmitter is designed to send up to 16 different link-layer feedback messages to the IVS. Three of them are used currently as follows:

1)
START signal, i.e. the signal that triggers start of the IVS MSD transmission.

2)
NACK, i.e. negative acknowledgement upon CRC check failure.

3)
ACK, i.e. positive acknowledgement upon CRC check success.
A fourth link-layer message is defined for exclusive use in the compressed higher-layer ACK message (see Table 3).
6.1.2
BCH encoding

The link-layer feedback message code is error protected by a shortened (60, 4) BCH block code which is derived from a (63, 7) BCH code. The messages and their encoded representations are shown in Table 3.

Table 3: Downlink message encoding
	Link-layer feedback message
	Binary representation
	BCH encoder output, bi (hexadecimal)

	START trigger
	0000
	A72 F298 41FA B376

	CRC flag = 1   (ACK)
	0001
	4C4 1FD6 6ED2 7179

	CRC flag = 0   (NACK)
	0010
	97A 8C41 FAB3 7693

	reserved
	0011
	DBE 9397 9461 07EA

	Not used
	0100 to 1111
	


The binary representations of the link-layer feedback messages defined in Table 3 are re-used for the compressed higher-layer ACK (HL-ACK) message, in which four data bits (i.e., two of the binary link-layer message representations) are transmitted in a different feedback message format (see clause 6.1.4)
6.1.3
Modulation

The encoded binary data stream bits 
[image: image7.wmf]i

b

are grouped into symbols. Each symbol 
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 carries 4 bits of information and modulates one basic downlink waveform.

The duration of the downlink waveform is 4 ms or 32 samples at 8 kHz sampling rate. Therefore 5 modulation frames correspond in length to one speech frame. Each modulated waveform carries one symbol of 4 bits of binary information and the modulation data rate is 1 000 bits/s for the downlink transmitter (modulation data rate for FEC-encoded bits, not considering muting gaps and synchronization frame).

The basic downlink waveform 
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is defined for n = 0,…,31 as follows:

pDL(n) = (40,   -200,    560,   -991,  -1400,   7636,  15000,   7636,  -1400,   -991,    560,   -200,     40,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0,      0)

Table 4 describes the symbol modulation mapping between symbol and the downlink waveform. The downlink waveform is derived from the basic downlink waveform pDL(n) by a cyclic right-shift by k samples, denoted by 
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, and multiplication with a sign q.

Table 4: Symbol modulation mapping (downlink)
	Symbol
	Downlink waveform 
wDL(n) = 
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	sign q
	cyclic shift k

	0
	0000
	1
	0

	1
	0001
	1
	4

	2
	0010
	1
	8

	3
	0011
	1
	12

	4
	0100
	1
	16

	5
	0101
	1
	20

	6
	0110
	1
	24

	7
	0111
	1
	28

	8
	1000
	-1
	28

	9
	1001
	-1
	24

	10
	1010
	-1
	20

	11
	1011
	-1
	16

	12
	1100
	-1
	12

	13
	1101
	-1
	8

	14
	1110
	-1
	4

	15
	1111
	-1
	0


Since there are only few messages for the downlink and the modulated waveform for each message is relatively short (480 samples), the modulated downlink waveforms are stored in ROM tables to save computation complexity at runtime. The downlink waveforms can be found in 3GPP TS 26.268 [2].

6.1.4
Downlink signal
6.1.4.1
Link-layer feedback messages
Every downlink message starts with a synchronization frame (as defined in clause 5.1.6) and continues with a feedback frame. For the link-layer control messages, the feedback frame consists of a single DL-Data field surrounded by muting periods as follows:

1)
2 frames of muting, M1 (40 ms).

2)
3 frames of modulated data, DL-Data (60 ms).

3)
2 frames of muting, M2 (40 ms).

Each DL-Data field includes one of the three types of link-layer messages in a block-encoded representation as described in clause 6.1.2.
6.1.4.2
Compressed higher-layer acknowledgement messages
For the compressed higher-layer acknowledgement messages, the synchronization frame defined in clause 5.1.6 is inverted (i.e., each sample is multiplied with -1). The feedback frame consists of two DL-Data fields preceded by a muting period as follows:

1)
1 frame of muting, M1 (20 ms).

2)
3 frames of modulated data, DL-Data 1 (60 ms).
3)
3 frames of modulated data, DL-Data 2 (60 ms).

Each DL-Data field includes one of the four types of block-encoded two-bit binary message representations as described in clause 6.1.2. The feedback frame for compressed higher-layer acknowledgement messages therefore transports four information bits for use by the higher-layer application protocol (HLAP). These information bits can be used to satisfy the eCall requirements [1], e.g. to clear down the call.
6.1.4.3
Handling of downlink messages
The PSAP transmitter retransmits the START message multiple times until it has detected the uplink synchronization frame. Upon detection of the synchronization frame, the PSAP transmitter sends a series of NACK messages, until a successful CRC check of the MSD message is obtained. After successful MSD detection, the PSAP transmitter sends link-layer ACK messages and then the compressed higher-layer ACK (HL-ACK). This operation is illustrated in Figure 16.
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Figure 16: Downlink signal format

If the PSAP transmitter fails to obtain uplink synchronization, it will not start transmitting NACK on the downlink. Instead, START messages are repeated. The IVS awaits the reception of a NACK after transmission of the first uplink synchronization frame. If instead repeated START messages are received, it interrupts the current MSD transmission attempt and starts with a new synchronization frame and MSD rv0. If the receiver is not able to decode the message successfully within 8 redundancy versions, it asks the IVS to restart the transmission with a new synchronization frame and MSD rv0. This is achieved by switching from NACK to START messages.

The repetition of START messages by the PSAP (in case it does not obtain any uplink synchronization) continues until the PSAP modem is manually switched off by the operator. An automatic PSAP timeout mechanism should be added to the PSAP implementation if this behaviour is not desirable. The PSAP timeout mechanism is not part of this specification.

6.1.5
Synchronization 

Synchronization signals for the PSAP transmitter are the same as described in clause 5.1.6., except for compressed higher-layer acknowledgement messages, in which case the synchronization frame defined in clause 5.1.6 is inverted (i.e., each sample is multiplied with -1). 
6.1.6
Multiplexing

The multiplexer combines synchronization, muting and feedback frames to form the downlink signal for the PSAP transmitter.
End change 4
Start change 5
7.1
Normal operation

The operation of the eCall data transmission in the "normal" non-erroneous case works as outlined on a high level in the previous clauses.

Upon request by the operator, the PSAP transmitter starts sending START messages. The IVS receiver shall detect the synchronization preambles that are transmitted along with the START messages and obtain synchronization. This enables the IVS receiver to demodulate and detect the START messages. The PSAP transmitter continues sending START messages to the IVS at this stage.

Upon detection of the START message, the IVS starts the transmission of the first MSD message with incremental redundancy version rv0 which is preceded by a synchronization frame. The PSAP receiver shall detect the synchronization frame and obtain exact synchronization on the synchronization preamble. The PSAP receiver is then enabled to demodulate the MSD and to decode it.

As soon as the PSAP receiver has obtained synchronization, it changes the PSAP to NACK message transmission and continues sending this message repeatedly. The IVS transmitter then should detect the NACK messages. The IVS continues sending MSD data. When transmission of the MSD message with rv0 has been completed, the IVS transmitter continues sending the next redundancy version rv1 of the same MSD, and so on.

The PSAP receiver, after demodulation of the full MSD with rv0, performs a CRC check. If the CRC check fails, the PSAP receiver continues sending NACK messages. If the CRC check succeeds, the PSAP transmitter changes the message to the link-layer ACK message. This ACK shall be transmitted consecutively at least four times for security. The IVS receiver should detect at least two of the ACK messages and then stop the IVS transmitter sending the MSD.
After transmitting all of the lower-layer ACK messages, the PSAP immediately sends the compressed higher-layer ACK message. This compressed higher-layer ACK message shall be transmitted consecutively at least five times for security. For a successful HL-ACK message reception, the IVS receiver should either detect three consecutive identical messages with inverted sync preamble (irrespective of correlation reliability threshold) or two reliable consecutive and identical messages.
End change 5
Start change 6
7.3
PSAP and IVS protocol state models

The state model of the PSAP is shown in Figure 19.
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Figure 19: State model of the PSAP

The state model of the IVS is shown in Figure 20.
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Figure 20: State model of the IVS

End change 6
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