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1. Introduction
This document describes the changes that have been applied to the eCall modem (general description [1] and ANSI-C reference code [2]) since the official selection test which was conducted by AT4Wireless [3]. The new code incorporates the changes that were proposed at SA4#51, see [4] and [5], and some minor code cleanup has been carried out. Additionally, a few modifications were motivated by the results of the verification tests [6], which are detailed in this document. These changes ensure that the modem works reliably under extremely challenging conditions such as transcoding and half rate (HR) codecs. Despite these changes, the overall functionality of the modem is maintained, which is also reflected in the fact that the performance with the official test campaign [3] is not affected. In other words the new figure of merit (FoM), which is 2.0314 sec, matches well with the FoM of the original modem configuration, which was 2.0371 sec. Also, the complexity and memory figures remain similar.
2. Modem/Code Changes and their Motivation
a. Downlink Message Format
Verification result [6]: There have been some issues with voice activity detection when transcoding was applied using the G729B(A) codec. With a low probability, a discontinuous transmission (DTX) event was triggered in the downlink.
Solution: The synchronization tone was extended by one speech frame. Moreover, both muting gaps were reduced by one speech frame each, see clause 6.1.4 in [1]. These changes increase the energy of the feedback messages, which avoids DTX events when transcoding is applied.
b. Introduction of Fractional Delays
Verification result [6]: For some codecs (e.g. GSM-HR), the performance of the modulator was observed to depend on the modulation frame position within the speech frame.
Solution: A new fractional delay insertion device (fractional with respect to a speech frame) has been introduced for any new trial of sending the MSD when the modem has failed to transmit the data successfully within all 8 redundancy versions. In other words, each trial of sending the MSD observes a different sample based offset with respect to the speech frame structure. This is beneficial because it avoids that the transmission permanently fails due to a bad position within the speech frame. Note that this is most relevant in cases with bad C/I.
c. Modifications of the Sync Detector
Verification result [6]: Fluctuations of the amplitude levels were observed due to transcoding and different settings of the automatic gain control (AGC). The current synchronization thresholds turned out to be too high to ensure that the modem works reliably.
Solution: The original synchronization thresholds have been reduced by a factor of 10. A few additional measures (see below) have been taken to avoid false detections of synchronization preambles due to the lower thresholds. Note that the basic strategy of synchronization remains the same. The main trigger of a sync event remains the detection of a certain number of correlation peaks with appropriate distance between the peaks. The correlation values, which are compared with the synchronization thresholds, are used to check the validity of such events. Also, note that all changes only affect the detection algorithm of the synchronization preamble. The transmit signal of the preamble is not affected. 
To implement the changes, the sync detector is now based on a sparse filter and thus incorporates some memory about previous states. Additional adaptive thresholds have been introduced, which are based on the history of correlation values and previous successful sync events.
A sync observer has been added on the PSAP side, see clause 6.1.2 in [1]. It monitors the received signal for another 10 speech frames after the detection of a synchronization preamble. This helps to avoid rare cases of early misdetection of the synchronization preamble, which is now overridden by the sync observer. Originally, the PSAP sync detector was switched off entirely, once a synchronization preamble was detected.
Verification result [6]: Very rare erroneous sync events were observed at the IVS. Also, sample based jitter buffers could make the IVS lose synchronization. Additionally, it has to be ensured that the modem resets itself in case of missed ACK messages at the IVS. Note that the ACK messages have never been evaluated in the official selection test setup [7].
Solution: Originally, the synchronization preambles were ignored once the IVS locked the synchronization delay despite being part of each feedback message. Now, after having locked the synchronization delay, the IVS continuously checks whether there are sync correlation peaks at the expected positions. If it does not detect any of these peaks the following measures are taken: The feedback message is ignored after a missed detection. If a certain number of synchronization preambles are not detected in a row, the IVS resets itself and starts monitoring the downlink for new synchronization signals.
d. Modulator Enhancements

Verification result [6]: A degradation of the performance of the modulator was observed in unusually adverse conditions like the GSM-HR in environments with bad C/I.
Solution: A second modulator mode has been implemented for the uplink. It increases robustness by increasing the width of the modulation frame. The following figure illustrates both modulation modes. The robust modulation mode transmits 5 symbols in each 20 ms frame instead of 10. Each symbol still carries 3 bit of information (2 bit for the position and 1 bit for the sign). Note that, in the figure, the peaks just identify the position of the basic pulses. The basic pulse shapes remain the same, see also clause 5.1.4 in [1]. We point out that, other than the width of the modulation frames, no changes are applied.
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The transmission strategy is the following. The fast (original) modulator mode is applied for the first trial of transmitting the MSD. If the transmission is not successful within the first 8 redundancy versions, the IVS transmitter switches to the robust modulator mode no matter what the reason was of not being successful.
Usually, the PSAP and the IVS will have the same knowledge about which (de)modulator mode they have to apply. However, it may occur that there is a mismatch if the IVS loses synchronization or misinterprets the feedback messages. This may happen due to time warping or other impairments of the speech channel. Therefore, the IVS now transmits two different synchronization tones, which uniquely identify the modulator mode that is applied for the subsequent message. The frequencies of the two tones are 500Hz and 800Hz. A tone detector has been implemented at the PSAP. If the tone detection is unreliable, the PSAP will choose the modulator mode according to what the PSAP assumes the IVS to use (which should be almost always correct). The synchronization tone duration has been increased by one speech frame in order to allow for more reliable tone detection. The change of the tones does not impact the false trigger performance of the modem.
Note that, in the official test campaign, the MSD transmission is successful within the first 8 redundancy versions in 2599 out of 2600 cases. Hence, the influence of the robust modulator mode on MSD transmission with normal channel conditions is only minor.
3. Conclusions

The above changes significantly increase the reliability of the eCall modem in more challenging conditions such as transcoding, the use of HR codecs, and the inclusion of jitter buffers. The performance is not affected when the modem operates in normal conditions, which is reflected by a virtually unchanged FoM of 2.0314 sec with the modified modem.
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