Page 1



3GPP TSG-SA4 Meeting #61 
(
S4-100906
Barcelona, Spain, 08 – 12 November, 2010 
revision of S4-100805
	CR-Form-v9.7

	CHANGE REQUEST

	

	(

	26.267
	CR
	0011
	(

rev
	1
	(

Current version:
	9.1.0
	(


	

	For HELP on using this form look at the pop-up text over the (
 symbols. Comprehensive instructions on how to use this form can be found at http://www.3gpp.org/specs/CR.htm.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	
	Core Network
	X


	

	Title:
(

	Correction of synchronization procedures in the eCall in-band modem

	
	

	Source to WG:
(

	QUALCOMM Incorporated

	Source to TSG:
(

	S4

	
	

	Work item code:
(

	eCall_Phase2
	
	Date: (

	11/11/2010

	
	
	
	
	

	Category:
(

	A
	
	Release: (

	Rel-9

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)
Rel-7
(Release 7)
Rel-8
(Release 8)
Rel-9
(Release 9)
Rel-10
(Release 10)
Rel-11
(Release 11)
Rel-12
(Release 12)

	
	

	Reason for change:
(

	The current eCall in-band modem synchronization procedures can perform badly or fail in the presence of persisting sample slips. These can occur e.g. if the PSAP modem is connected to an analog telephone line and the transmitter/receiver clocks drift with a considerable rate.

	
	

	Summary of change:
(

	The synchronization procedures have been corrected as follows:

1)  Extension of IVS transmit signal with additional synchronization frames

2)  Addition of a synchronization tracking function in the IVS and PSAP receivers
3) Introduction of an additional sync verification feature allowing for fast restarts In addition, a few editorial corrections have been introduced to the text.


	
	

	Consequences if 
(

not approved:
	Depending on the rate of sample slips, the in-band modem would require a significantly longer MSD transmission time, or fail entirely, even in otherwise good channel conditions.

	
	

	Clauses affected:
(

	3.1, 5.1.5, 5.1.6, 5.1.7, 5.2, 5.2.1, 5.2.2, 5.2.5, 6.1.4.1, 6.1.4.3, 6.2, 6.2.1, 7.2

	
	

	
	Y
	N
	
	

	Other specs
(

	X
	
	 Other core specifications
(

	26.268

	affected:
	X
	
	 Test specifications
	26.269

	
	
	X
	 O&M Specifications
	

	
	

	Other comments:
(

	It should be noted that the changed modem will not be backward compatible to previous versions.


Start change 1
3.1
Definitions

For the purposes of the present document, the following terms and definitions apply:

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.

eCall In-band Modem: Modem pair (consisting of transmitters and receivers at IVS and PSAP) that operates full-duplex and allows reliable transmission of eCall Minimum Set of Data from IVS to PSAP via the voice channel of the emergency voice call through cellular and PSTN networks.

eSafety: European Commission sponsored forum to improve safety aspects of European citizens.

feedback frame: Downlink signal transmission interval containing feedback data - corresponds to a time interval of 140 ms or 1 120 samples at an 8 kHz sampling rate.

frame (or: speech frame): Time interval equal to 20 ms (corresponding to one AMR or FR speech frame, represented by 160 samples at an 8 kHz sampling rate).

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.

MSD data frame: Uplink signal transmission interval containing the data of one MSD (after synchronization has been established) - corresponds to a time interval of 1320 ms or 10560 samples (fast modulator) and 2 320 ms or 18560 samples (robust modulator) assuming an 8 kHz sampling rate.

modulation frame: Symbol transmission time interval equal to 2 ms corresponding to 16 samples at 8 kHz sampling rate (fast modulator), or  4 ms  corresponding to 32 samples at 8 kHz sampling rate (robust modulator). 

synchronization frame: Signal transmission interval containing synchronization information - corresponds to a time interval of 260 ms or 2 080 samples at an 8 kHz sampling rate.
End change 1
Start change 2
5.1.5
MSD data frame format

Each MSD data frame includes one encoded MSD message with CRC field, split up into multiple data fields.

The MSD data frame forms the largest fraction of uplink data traffic and consists of three data fields, four muting gaps, and three synchronization fragments (see clause 5.1.6), arranged as given in Table 2a.

Table 2a: MSD data frame format
	Pos.
	Fast modulator mode
	Robust modulator mode

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

	2
	15 frames of modulated data, D1 (300 ms)
	30 frames of modulated data, D1 (600 ms)

	3
	4 frames of sync fragment, S1 (80 ms)
	4 frames of sync fragment, S1 (80 ms)

	4
	2 frames of muting, M2 (40 ms).
	4 frames of muting, M2 (80 ms).

	5
	15 frames of modulated data, D2 (300 ms).
	30 frames of modulated data, D2 (600 ms).

	6
	4 frames of sync fragment, S2 (80 ms)
	4 frames of sync fragment, S2 (80 ms)

	7
	2 frames of muting, M3 (40 ms)
	4 frames of muting, M3 (80 ms)

	8
	16 frames of modulated data, D3 (320 ms)
	32 frames of modulated data, D3 (640 ms)

	9
	4 frames of sync fragment, S3 (80 ms)
	4 frames of sync fragment, S3 (80 ms)

	10
	3 frames of muting, M4 (60 ms)
	3 frames of muting, M4 (60 ms)

	Sum
	66 speech frames (1320 ms)
	116 speech frames (2320 ms)


End change 2
Start change 3
5.1.6
Synchronization signal and frame format

The synchronization frame consists of the direct concatenation of:

1)
the synchronization tone 
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; and

2)
the synchronization preamble 
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. Note that 
the synchronization preamble is not only used in the synchronization frame, but fragments thereof are also inserted into the MSD data frame for the purpose of synchronization tracking.
The synchronization tone 
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consists of a sampled sinusoidal tone of frequency 500 Hz or 800 Hz, and of 64 ms duration. A frequency of 500 Hz is chosen to indicate that the fast modulator mode is to be applied and a frequency of 800 Hz indicates that the robust modulator mode is used for the subsequent MSD frames.

The synchronization tone 
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is followed by synchronization preamble 
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. The synchronization preamble is a pulse sequence known at the receiver. The pulse sequence for the synchronization preamble has been chosen to optimize autocorrelation properties in order to allow a very reliable detection and delay estimation at the same time. The achieved accuracy of the delay estimation is typically exact by sample. 

The basis of the synchronization preamble 
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is a PN sequence of length 15 that takes values of (1, 1, 1, 1, -1, 1, -1, 1, 1, -1, -1, 1, -1, -1, -1). Each pulse has an amplitude of 20000 in a signed 16-bit signal representation. The pulse sequence is composed of 5 periods of this PN sequence. The outer periods (number 1 and 5) are inverted (i.e. all elements are multiplied with -1) and those parts that are common to the inverted and non inverted sequence are transmitted just once, see Figure 9. Figure 10 illustrates the resulting pulse sequence.

[image: image7.emf] 


Figure 9: Construction of pulse sequence for the sync preamble (+ := +1 and -:= -1)
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Figure 10: Pulse sequence for generation of synchronization preamble

In the pulse sequence, neighboring pulses are placed 22 samples apart to form the synchronization preamble, i.e. zero‑padding of 21 zero samples between pulses is applied. In addition, 71 zero samples are placed before the first pulse. The resulting synchronization preamble has a duration of 71 + 69 + (68*21) = 1568 samples, or 196 ms.

Both synchronization tone 
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 and synchronization preamble 
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 can be stored in a ROM table to avoid computation at runtime. These tables can be found in 3GPP TS 26.268 [2], and they should serve as a reference of the synchronization signal..

The overall length of the synchronization frame is 13 frames or 260 ms.
For the purpose of uplink synchronization tracking, fragments of the synchronization preample are inserted into the MSD data frame (see Table 2a). A synchronization fragment consists of the last 576 samples of the synchronization preamble 
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, prepended by 64 zero-samples. A synchronization fragment is thus 640 samples or 80 ms long.
End change 3
Start change 4
5.1.7
Multiplexing

The multiplexer combines the synchronization frame and the MSD data frames to the effective transmit signal as in Figure 11.



[image: image13.emf] 

M1  

S1/M2  

   

UL Data 2  

   

S2/M3  

   

UL Data 3  

   

S3/M4  

   

UL Data 1  

   

MS  D     

rv0  

   

SF  


Figure 11: Uplink data format with multiplexing

End change 4
Start change 5
5.2
IVS receiver

The IVS receiver demodulates and decodes feedback messages (START, NACK, link-layer ACK, and 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

End change 5
Start change 6
5.2.1
Synchronization detector/tracker
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/tracker has three 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. 
3)
Continuously check and track the data frame timing. Based on the subsequently received synchronization frames, the validity of the data frame timing is checked. In case the check fails, the synchronization tracker tries to identify a new valid data frame timing .
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 either 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), or one additional peak is identified..
To distinguish between higher-layer ACK message and link-layer ACK messages on the downlink, an inverted sync pulse sequence precedes the higher-layer ACK messages. The synchronization detector determines the signs of the autocorrelation pulses independently from the absolute peak values and peak distances. The correlation peak signs are used to determine whether the incoming feedback message is a link-layer ACK or 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, or an analog PSTN line with sampling clocks drifting between transmitter and receiver. Therefore, the correctness of the synchronization is checked continuously (referred to as ‘Sync Check’) by evaluating the existence of correlation peaks at the expected peak positions for any of the feedback messages. The data part of a message is ignored if none of the five peaks is detected. 
A sync tracking feature is also implemented which re-uses the original synchronization algorithm and evaluates the cross-correlations of the incoming signal and the known synchronization sequence in a certain interval around the previously expected delay position . The width of this serach interval can be set as a parameter of the synchronization function, with a maximum value of +/– 480 samples in the IVS sync tracker. Note that the cross-correlation search can be efficiently implemented by FIR filtering. 
If no valid delay position can be identified 8 times in a row, the IVS resets itself.

End change 6
Start change 7
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/tracker.
End change 7
Start change 8
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 stop transmission and wait for the compressed higher-layer ACK message. Also, if the Sync Check fails to track the preamble, the IVS transmitter is reset to idle state.
End change 8
Start change 9
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)
3 frames of muting, M1 (60 ms).

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

3)
1 frame of muting, M2 (20 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.
End change 9
Start change 10
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/or the 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 or if the Sync Tracker indicates that synchronization has been lost on the uplink, 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.
End change 10
Start change 11
6.2
PSAP receiver

The PSAP receiver demodulates the MSD message from the IVS and checks the integrity of the received MSD by evaluating the CRC field. The different blocks of the PSAP receiver are shown in Figure 17.
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Figure 17: PSAP receiver block diagram

The PSAP receiver continuously monitors traffic from the speech decoder in idle or standby state. When the PSAP receiver is in idle state, speech from the speech decoder passes through as in normal voice call.

Once an eCall sync burst is detected, the PSAP transitions out of idle state and the speech path to audio out is muted.
End change 11
Start change 12
6.2.1
Synchronization detector/tracker
Basically, the uplink synchronization detector/tracker works as described in clause 5.2.1. Some differences are given in the following. 

The detection of a single synchronization preamble is sufficient to trigger the PSAP. A Sync Observer checks the received signal for another 10 speech frames after a preamble has been detected. This is to ensure that synchronization does not find a more reliable preamble, which would mean that the previous detection would have been a false detection (wrong delay value). In case synchronization does find a better preamble it restarts the reception of the MSD.
The Sync Check function continuously checks the validity of the identified delay value, based on the subsequently transmitted uplink synchronization fragments. If the delay value is found to be invalid, the Sync Tracker searches for a new valid delay value within a pre-defined search window. The maximum setting for the search window at the PSAP receiver is +/– 240 samples. If, after an invalid delay value, the Sync Tracker cannot identify a new valid delay value for a certain number of subsequent synchronization fragments (default value is four unsuccessful tracking attempts), it resets the PSAP transmitter in order to re-initiate the MSD transmission by sending START messages to the IVS.
A tone detector based on a DFT evaluation at the two reference frequencies is used to evaluate the frequency of the sync tone. If the frequency can be detected reliably, then this decision is taken to decide on which modulator is used for demodulation. If a reliable detection is not possible, the fast modulation scheme is chosen if it is the first time that a preamble has been detected successfully while receiving the current MSD. Otherwise, the robust demodulator is chosen.
End change 12
Start change 13
7.2
Abnormal operation

This clause describes some abnormal scenarios which may occur due to severe signal distortion on the transmission channels and which need to be handled by the overall transmission protocol to avoid any deadlock situations. This description of abnormal scenarios is not necessarily exhaustive.

Table 5 lists potential abnormal scenarios together with the measures implemented against it in the eCall solution. In the table, the reference numbers refer to the following case categorization:

1.
IVS error cases

1.1
Sync error

1.1.1
No successful synchronization

1.1.2
Successful synchronization although no sync frames were sent

1.1.3
 Successful synchronization, but wrong timing

1.1.4
Lost synchronization

1.2
Sync detected, correct timing, false detection of PSAP messages

1.2.1
Errors at transmission of START messages

1.2.1.1
START message sent, no downlink message detected

1.2.1.2
START message sent, NACK detected

1.2.1.3
START message sent, ACK detected

1.2.2
Errors at transmission of NACK messages

1.2.2.1
NACK message sent, no downlink message detected

1.2.2.2
NACK message sent, START detected

1.2.2.3
NACK message sent, ACK detected

1.2.3
Errors at transmission of ACK messages

1.2.3.1
ACK message sent, no downlink message detected

1.2.3.2
ACK message sent, START detected

1.2.3.3
ACK message sent, NACK detected

2.
PSAP error cases

2.1
Sync error

2.1.1
No sync preamble detected

2.1.2
Sync preamble detected, but wrong timing or false detection

2.1.3
False evaluation of sync tone

2.2
Sync detected, correct timing, false detection of MSD messages

Table 5: List of potential abnormal cases and protocol solutions
	Ref #
	Scenario
	Error description
	Error handling
	Comments

	1.1.1
	IVS receiver does not detect the sync frames or gets different delays from subsequent preamble detections.
	MSD message will never be sent
	Start message is sent a defined number times
	If the start message is not detected within a defined time, the PSAP goes back to idle state. In this case another attempt could be started manually by the PSAP operator.

	1.1.2
	IVS receiver detects equal sync frames while none were sent.
	Sync false alarm
	Sync Check verifies the validity of the sync continuously and resets the IVS if necessary.
	Synchronization at the IVS has been designed such that the probability of this error is negligibly small (virtually zero).

	1.1.3
	IVS receiver detects sync frames incorrectly and triggers nevertheless. 
	START message is usually not detected correctly and MSD message will never be sent
	Same as #1.1.2
	Same as #1.1.2

	1.1.4
	Synchronization gets lost due to some abnormal channel conditions
	Feedback messages are skipped due to Sync Check and unsuccessful Sync Tracker
	Same as #1.1.2
	The Sync Tracker usually avoids this situation (e.g., due to adaptive jitter buffers or in the unlikely case of a handover)

	1.2.1.1
	In-sync, but detection of START messages fails
	If START message is never detected, same as 1.1.1. 
	START message is repeated a defined number of times. This decreases the likelihood of this case to almost zero 
	

	1.2.1.2
	In-sync, instead of a START message a NACK is detected
	MSD message is not sent if transmission has not yet started. If a transmission is ongoing, it will not be restarted although the PSAP would want the IVS to restart.
	PSAP always transmits more than just one START message. A NACK before the first START message is ignored
	

	1.2.1.3
	In-sync, instead of a START message an ACK is detected
	MSD message is not sent if transmission has not yet started. If a transmission is ongoing, the IVS could terminate the transmission erroneously
	PSAP always transmits more than just one START message. An ACK before the first START message is ignored. If the transmission is terminated, the PSAP operator could retrigger the transmission of the MSD.
	

	1.2.2.1
	In-sync, NACK message is not detected
	
	NACK messages are repeated until the correct MSD is received
	IVS behaviour does not change in this case

	1.2.2.2
	In-sync, instead of a NACK message a START message is detected
	MSD transmission may be interrupted and restarted 
	Only after a successive reception of three START messages the MSD transmission is restarted
	The probability of subsequent erroneously detected START messages is very low.

	1.2.2.3
	In-sync, instead of a NACK message an ACK is detected
	IVS stops MSD transmission before PSAP has detected it.
	At least two ACK messages need to be detected subsequently in order to stop transmission at the IVS. PSAP operator could retrigger the transmission of the MSD.
	The probability of the subsequent erroneously detected ACK messages is very low.

	1.2.3.1
	In-sync, ACK message is not detected
	Results in prolonged MSD transmission
	ACK messages are sent several times
	Not a problem as long as only few ACKs are missed.

	1.2.3.2
	In-sync, instead of a ACK message a START message is detected
	Same as 1.2.2.2
	Same as 1.2.2.2
	

	1.2.3.3
	In-sync, instead of a ACK message a NACK is detected
	Same as 1.2.3.1
	Same as 1.2.3.1
	Same as 1.2.3.1

	2.1.1
	No sync frame detection
	PSAP misses the MSD 
	The PSAP continues sending START messages to the IVS until it detects a sync preamble. The IVS restarts transmission of the MSD with sync frame when it continuously receives START messages from the PSAP.
	

	2.1.2
	PSAP receiver detects a sync frame while none was sent
	Sync frame false alarm, PSAP tries to decode data, but fails.
	After having failed the detection of a valid sync delay in subsequent sync frames, of after an unsuccessful reception of the MSD, the PSAP will ask the IVS to resend the MSD by transmitting START messages again. 
	Introduces a delay in MSD transmission 

	2.1.3
	Sync tone evaluated incorrectly
	Wrong modulator mode used to demodulate the MSD
	If there are doubts about the reliability of the tone detection, the PSAP uses the fast modulator mode for the first trial of demodulating the MSD (first set of 8 RVs) and the robust modulator mode otherwise.
	This assumption about the modulator mode will be incorrect only if the IVS completely fails to evaluate many feedback messages, which is very unlikely.

	2.2
	Sync detected, correct timing, false positive detection of MSD messages
	CRC gives incorrect result
	
	Very unlikely


End change 13
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