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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. If an inverted sign of autocorrelation pulses is detected right from the beginning of uplink and/or downlink transmissions, the synchronization detector assumes that a signal inversion is occurring on the transmission path. In this case, all received PCM samples are multiplied by -1 on the affected link for the remainder of the MSD transmission.
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.
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