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Foreword

The present document has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
1 Scope
The present document contains an electronic copy of the ANSI‑C code for the eCall in-band modem solution for reliable transmission of MSD data from IVS to PSAP via the speech channel of cellular networks. The ANSI‑C code is necessary for a bit exact implementation of the IVS modem and PSAP modem described in [1].
2 References
This TS incorporates by dated and undated reference, provisions from other publications. These normative references are cited at the appropriate places in the text and the publications are listed hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to this TS only when incorporated in it by amendment or revision. For undated references, the latest edition of the publication referred to applies.

[1] 3GPP TS 26.xxx: “eCall data transfer – In-band Modem solution; General description”.

[Note: See also the references in [1].]
3 Definitions, symbols and abbreviations
For the purpose of the present document, the following abbreviations apply:

ACK 
Acknowledgement
ANSI
American National Standards Institute

ARQ
Automatic Repeat-reQuest
CRC
Cyclic Redundancy Check
ETS
European Telecommunication Standard

FEC
Forward Error Correction

GSM
Global System for Mobile communications

I/O
Input/Output

IVS
In-Vehicle System

MSD
Minimum Set of Data 

NACK
Negative Acknowledgement

PCM
Pulse Code Modulation

PSAP
Public Safety Answering Point

RAM
Random Access Memory

ROM
Read Only Memory 
RX
Receive

TX
Transmit

4 C code structure
[Note: This clause currently refers to the eCall solution version submitted for the selection test. All of the information below is subject to change as the eCall solution might be further improved, and the code will be cleaned up and converted to pure ANSI-C.] 

This clause gives an overview of the structure of the bit‑exact C code and provides an overview of the contents and organization of the C code attached to this document.

The C code has been verified on the following systems:

· Windows XP SP2 and Microsoft Visual Studio V8.0

4.1 Contents of the C source code
The distributed files with suffix "c" contain the source code and the files with suffix "h" are the header files. All these files are in the root level of the ZIP-archive.

[Note: A description of the source code files will be inserted here as soon as the distribution of functions to files is fixed in the ANSI-C reference code.]
4.2 Program execution
[Note: Text to be inserted upon finalization of reference ANSI-C code.]
4.3 Coding style
[Note: Text to be inserted upon finalization of reference ANSI-C code.]

4.4 Code hierarchy
This section describes the call graphs that show the functions used in the IVS data modem and PSAP data modem.

[Note: Tables to be inserted upon finalization of reference ANSI-C code.]
4.5 Variables, constants and tables
The data types of variables and tables used in the fixed point implementation are signed integers in 2's complement representation, defined by:

-
Word16
16 bit variable;

-
Word32
32 bit variable.
4.5.1 Description of constants used in the C-code

This section contains a listing of all global constants defined in ecall_defines.h., together with some explanatory comments.

[Note: Values will be provided at a later stage.]

Constant
Value
Description

#define LW_MAX


#define SW_MAXe 

/* SW_MAX already defined in WIN */



(maximum integer number in Word16 and Word32)

#define LOG_UL

/* enable LogInfo for uplink */

#define LOG_DL

/* enable LogInfo for downlink */



(switch logging information on/off)

#define LEN_FRAME 

#define LEN_PULSE  



(duration of frame and basic uplink waveform)

#define PCM_BUFFER_IVS  

/* length in samples */

#define PCM_BUFFER_PSAP 

/* length in samples */



(TX/RX buffer lengths)

#define PM_FEC_VAR 


#define PM_FEC_MEAN 




(constants for calculation of log-likelihood ratios)

#define MUTING_POS1 

#define MUTING_POS2
 

#define MUTING_POS3  
 

#define MUTING_POS4  

/* L_SF0*NSYMBOLS_DATA */

#define TMUTING1      

#define TMUTING2    

#define TMUTING3    

#define TMUTING4       

#define TOTALMUTING   

/* sum of all muting lengths */

(definition of lengths and locations of muting periods in the data frame)

#define FRAME_NMSD  

(number of bytes per MSD)
#define NCODED_BITS    

/*multiple NBITS_PER_SYMBOL*N_SF0 */

#define NSYMBOLS_DATA   

/* NCODED_BITS/NBITS_PER_SYMBOL */



(length of data frame)

#define NSYNC         

/* Length of sync */



(length of synchronization frame)

#define NR_START      

(number of START signals that must be received
 in order to cause IVS to retransmit a sync)

#define NR_SYNC_COUNT  


(number of Sync frames that need to be detected 
correctly to lock sync at IVS)
#define SYNC_BUFFER_SIZE 

(buffer length for synchronization, in terms of 
number of AMR frames)

#define L_SF0        

/* number of samples per subframe */

#define N_SF0           

/* nr of subframes per AMR frame */



(length of subframe)

#define NBITS_PER_SYMBOL     

(number of bit per symbol in downlink)
#define DL_TMUTING1            

/* downlink muting 1st */

#define DL_TDATA               

/* downlink data part */

#define DL_TMUTING2            

/* downlink muting 2nd */



(dimensions of feedback frame)

#define LOGEXP_RES     

/* resolution of logexp_table */

#define LOGEXP_DELTA_EXPO     

/* exponent of delta argument */

#define LOGEXP_Q_IN          

/* Q-factor of the logexp inputs */



(constants for turbo decoding of MSD message

4.5.2 Description of fixed tables used in the C-code

This section contains a listing of all fixed tables (ROM) defined in ecall_rom.c.

[Note: Dimensions and Values will be provided at a later stage.]

Type/Constant
Dimension
Description

Word16 ulPulse


uplink waveform

Word16 ulPulseMatch


matched filtered uplink waveform

Word16 onesIndex


bit positions for turbo decoder

Word16 zerosIndex


bit positions for turbo decoder

Word32 logexp_table


table with logexp values

Word16 syncPulseForm


waveform used for synchronization

Word16 syncIndexPreamble


index vector



Word16 sync_frame


predefined synchronization signal

Word16 dlPcmData


downlink transmit signal

Word16 dlPcmDataMatch


downlink matched filtered signal

Word16 syncSequence


synchronization sequence

4.5.3 Static variables used in the C-code

This section contains a listing of static variables (RAM) defined in source files.

[Note:The static variables are currently collected in IvsData and PsapData type structures, in accordance with the selection test setup. This might change in the reference ANSI-C code.]

typedef struct {

Word16 state;         /* IVS state */

Word16 stateCnt[4];   /* state counters */

Word32 threshold[4];  /* decision thresholds */

Word16 counterStartIgnoring;   /* counts number of unreliable Start 

                                  messages and triggers if necessary */

Word16 txN;           /* TX number of AMR frames */

Word16 txIndex;       /* TX AMR frame counter */

Word16 txRedVer;      /* TX redundancy version */

Word16 syncPrevDelay; /* Previous delay */

Word16 syncIndex;     /* number of frames since last sync occurred */

Word16 syncCounter;   /* counts occurrances of subsequent equal sync 

                         events */

Word16 nrSyncTrials;  /* number of sync trials */

Word16 rxN;           /* RX number of AMR frames */

Word16 rxIndex;       /* RX AMR frame counter */

Word16 rxRead;        /* RX pcmBuffer read pointer */

Word16 rxWrite;       /* RX pcmBuffer write pointer */

Word16 pcmBuffer[PCM_BUFFER_IVS];

Word16 txFrame[ NSYNC + TOTALMUTING + L_SF0*NSYMBOLS_DATA ];

Ord8   msd[MSD_MAX_LENGTH];

} IvsData;

typedef struct {

Word16 state;         /* PSAP state */

Word16 dlData;        /* downlink message symbol */

Word16 rxN;           /* RX number of AMR frames (without muting) */

Word16 rxIndex;       /* RX AMR frame counter */

Word16 mgIndex;       /* RX current position in muting gap table */

Word16 rxRedVer;      /* RX redundancy version */

Word16 rxRead;        /* RX pcmBuffer read pointer */

Word16 rxWrite;       /* RX pcmBuffer write pointer */

Word16 txN;           /* TX number of AMR frames */

Word16 txIndex;       /* TX AMR frame counter */

Word16 syncCount;     /* Counter of how many feedback messages have 

                         been transmitted */

Word16 pcmBuffer[PCM_BUFFER_PSAP];

Word32 bitBuffer[NCODED_BITS];

Word16 msdBin[FRAME_NMSD*8];  /* MSD in binary representation 

                                 (8 bit per byte) */

Ord8   msd[MSD_MAX_LENGTH];   /* MSD in bytes */

Word16 mgTable[TOTALMUTING/160+NCODED_BITS/(N_SF0*NBITS_PER_SYMBOL)];  

                              /* table indicating muting gaps */

} PsapData;
4.6 Functions of the C Code

This clause contains the headers of the employed IVS and PSAP functions. They correspond to a large extent to the functional description of the IVS and PSAP provided in [1].

4.6.1 IVS transmitter functions

/**********************************************************************

 * FUNCTION: ecall_transmitter_fx                                       

 *---------------------------------------------------------------------

 * Description: ecall transmitter function

 * Input:

 *       Word16 *msd, input MSD data Q0

 *       Word16 rv, redundancy version variable Q0

 * Output:

 *       Word16 *output, output data Q0

 *       Word16 *sym, output symbol Q0

 * Input/Output:

 *********************************************************************/

void ecall_transmitter_fx ( const Ord8 *msd, Word16 rv, Word16 *output)

/**********************************************************************   

 * FUNCTION: bitstream_fx                                                

*---------------------------------------------------------------------

 * Description: bitstream converter

 * Input:

 *       Word16 *input, input data Qin

 *       Word16 res, input resolution Q0

 *       Word16 N, Length of input Q0

 * Output:

 *       Word16 *output, output data Qin

 * Input/Output:

 *********************************************************************/

void bitstream_fx ( const Ord8 *input, Word16 *output, Word16 res,  

                    Word16 N)

/********************************************************************** 

 * FUNCTION: bits2int_fx                                                 

*---------------------------------------------------------------------

 * Description: reverse bitstream converter 

 * Input:

 *       Word16 *input, binary input data Q0

 *       Word16 res, input resolution/length of inputarray Q0

 * Output:

 *       Word16 output, output data Q0

 * Input/Output:

 *********************************************************************/

Word16 bits2int_fx ( Word16 *input, Word16 res)

/**********************************************************************

 * FUNCTION: fecEncode_fx                                               

 *

 *---------------------------------------------------------------------

 * Description: encoding of MSD

 * Input:

 *       Word16 *in, binary msd message

 *       Word16 rv, redundancy version

 * Output:

 *       Word32 *out, encoded message

 * Input/Output:

 *********************************************************************/

void fecEncode_fx( const Word16 *in, Word16 rv, Word16 *out )

/**********************************************************************

 * FUNCTION: eCallSymbolMod_fx                                          

*---------------------------------------------------------------------

 * Description: Symbol Modulator 

 * Input:

 *       Word16 symbol, input symbol Q0

 *       Word16 mode, Q0

 * Output:

 *       Word16 output, modulated output sequence

 * Input/Output:

 *********************************************************************/

void eCallSymbolMod_fx ( Word16 symbol, Word16 mode, Word16 *output)

/**********************************************************************

 * FUNCTION: insert_muting_gaps_fx                                      

*---------------------------------------------------------------------

 * Description: Symbol demodulator function

 * Input:

 *       Word16 *frame_a, input frame, Qin

 *       Word16 mf, Length of frame_a

 * Output:

 *       Word16 *frame_comp, frame with muting gaps inserted, Qin

 * Input/Output:

 *********************************************************************/

void insert_muting_gaps_fx ( Word16 *frame_a, Word16 *frame_comp, 

                             Word16 mf)

4.6.2 PSAP receiver functions

/**********************************************************************

 * FUNCTION:   ecall_demod_fx                                           

 *---------------------------------------------------------------------

 * Description: Demodulation function. It works on multiple frames of 

 *              PCM data, i.e. no fractional frame is allowed

 * Input:

 *       Word16 *pcm_data, input data for demodulation, Q0

 *       Word16 N, number of frames (>=1)

 * Output:

 *       Word32 *symbol_s, demodulated soft symbol

 *       Word16 *symbol_h, demodulated hard symbol

 * Return:

 *       None

 *********************************************************************/

void ecall_demod_fx (Word16 *pcm_data, Word16 N, Word32 *symbol_s, 

                     Word16 *symbol_h)

/**********************************************************************

 * FUNCTION: eCallSymbolDemod_fx                                        

*---------------------------------------------------------------------

 * Description: Symbol demodulator function

 * Input:

 *       Word16 *input, modulated received data, Q0

 *       Word16 mode, Modulation mode (0,1 or 2) 

 *       Word16 mp, Length of basis symbol (*pulse0)

 * Output:

 *       Word16 *symbol, Demodulated symbol, Q0

 *       Word32 *symbolSoft, Demodulated soft symbol

 * Input/Output:

 *********************************************************************/

void eCallSymbolDemod_fx (Word16 *symbol, Word32 *symbolSoft, 

                          Word16 *input, Word16 mode, Word16 mp)

/**********************************************************************

 * FUNCTION: softBitstream_fx                                           

 *---------------------------------------------------------------------

 * Description: soft bitstream function

 * Input:

 *       Word32 *softSymbols, input symbols, Q12

 *       Word16 N, resolution, Q0

 *       Word16 L, softSymbols depth, Q0

 * Output:

 *       Word32 *softBits,   output bits, Q12

 * Input/Output:

 *********************************************************************/

void softBitstream_fx ( Word32 *softSymbols, Word16 N, Word16 L, 

                        Word32 *softBits)

/**********************************************************************

 * FUNCTION: fecDecode_fx                                               

 *

 *---------------------------------------------------------------------

 * Description: decoding of MSD

 * Input:

 *       Word16 *in, received bits

 *       Word16 rv, redundancy version

 * Output:

 *       Word32 *out, decoded msd in bits

 * Input/Output:

 *********************************************************************/

Word16 fecDecode_fx( const Word32 *in, Word16 rv, Word16 *out )

4.6.3 PSAP transmitter functions

/**********************************************************************

 * FUNCTION: ecall_downlink_fx                                          

 *---------------------------------------------------------------------

 * Description: PSAP downlink transmitter, uses PCM sequences stored in

 *              ecall_rom

 * Input:

 *       Word16 symbol, one out of four downlink symbols (0..3)

 *       Word16 index, position in downlink TX frame

 * Output:

 * Input/Output:

 *       Word16 *pcm_data, transmission vector (160 samples)

 *********************************************************************/

void ecall_downlink_fx (Word16 *pcm_data, Word16 symbol, Word16 index)

4.6.4 IVS receiver functions

/**********************************************************************

 * FUNCTION:   ecall_recv_feedback_fx                                    

 *---------------------------------------------------------------------

 * Description: Downlink receiver,

 *              assuming synchronization is done outside this function

 * Input:

 *       Word16 *pcm_data, input data for downlink receiver, Q0

 *       Word32 *threshold, decision thresholds for reliability factor

 * Output:

 *       Word32 *metric, metric[4]: reliability factor (if < 0 -> skip)

 *                       metric[k]: k=0..3 correlation values

 * Return:

 *       Word16 msg, demodulated message

 *********************************************************************/

Word16 ecall_recv_feedback_fx (Word16 *pcm_data, Word32 *threshold, 

                               Word32 *metric)

4.6.5 Synchronization function (IVS and PSAP)

/**********************************************************************

 * FUNCTION: ecall_sync                                                 

 *---------------------------------------------------------------------

 * Description: ecall synchronization function

 * Input:

 *       Word16 *PSAPsyncBuffer, input xframe data Q0

 *       Word16 id, identifies whether it is PSAP or IVS

 * Output:

 *       Word16 *det_flag, detection flag Q0

 *       Word16 *delay, delay based on samples

 *       Word16 nrSyncTrials, number of synchronization trails

 *********************************************************************/

void ecall_sync ( Word16 *PSAPsyncBuffer, Word16 *Detflag, 

                  Word16 *Delay, Word16 id, Word16 nrSyncTrials)
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