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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 3GPP TS 26.267 [1].

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TS 26.267: "eCall Data Transfer; In-band modem solution; General description".

See also the references in 3GPP TS 26.267 [1].

3
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
Editor's 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.

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 the present 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.
Further explanation on the files is given in the readme.txt file, which is reproduced in part here:
Package Contents

----------------

folder ecall:

    Contains the eCall ANSI C fixed-point reference source code

    modem.h           : declares the five main eCall modem functions,

                        PsapSendStart, PsapReset, PsapProcess, IvsReset,

                        IvsProcess, and the IVS and PSAP configuration structs

    ecall_defines.h   : compile time options and preprocessor constants

    ecall_fec.h       : header file for eCall FEC encoder and decoder

    ecall_functions.h : header file for eCall modem utility functions

    ecall_rom.h       : header file for eCall ROM data

    modemqc_ivs.c     : IVS modem implementation

    modemqc_psap.c    : PSAP modem implementation

    ecall_fec.c       : Turbo FEC encoder and decoder functions

    ecall_functions.c : eCall functions used by IVS and PSAP

    ecall_rom.c       : static ROM data

folder pcm:

    Contains PCM data files to simulate the eCall IVS and PSAP modems offline

    by means of the standalone wrapper. The log files reflect 26 test cases

    generated from the eCall simulation framework. 

    campaign_short.txt  : configuration file with 26 test cases

    pcmdlout<index>.pcm : Output PCM samples of the voice codec in downlink

    pcmulout<index>.pcm : Output PCM samples of the voice codec in uplink

standalone.h, standalone.c:

    main() wrapper to run the eCall IVS or PSAP modem on prestored PCM data

standalone.exe :

    MS Windows executable compiled from standalone.c and the eCall sources

makefile.win

    Microsoft Visual Studio 2005/2008 Makefile

    Builds 'standalone.exe' from standalone.c and the eCall sources,

    build options are RELEASE and DEBUG.

makefile.glx

    GNU Linux Makefile using gcc

    Builds 'standalone' from standalone.c and the eCall sources,

    build options are RELEASE and DEBUG.

test.bat

    Windows batch file running standalone.exe in mode '-m psap' and '-m ivs'

    on the PCM data in directory 'pcm'.


4.2
Program execution
An explanation on code compilation and execution is given in the readme.txt file, which is reproduced in part here:
Getting Started

---------------

TS 26.268 provides the eCall modem source code files and a standalone wrapper.

This allows to run the IVS and PSAP modems on prestored PCM data.

For a real-time simulation over the 3GPP FR and AMR codec, and to log PCM data

as input for the standalone wrapper, the eCall sources must be integrated into

the simulation framework S4-080582 as provided by RIM (Research in Motion) for

official selection testing.

To get an impression of the eCall modem operation simply run 'test.bat'.

It will run 'standalone.exe' in both IVS and PSAP mode on a set of PCM data

generated from the 26 test cases contained in campaign_short.txt.

When run in PSAP mode, you will see the message 'MSD received' on completion

of each test case.

Code Compilation

----------------

Microsoft Windows

    To build standalone.exe from standalone.c and the eCall sources, you best

    start with opening a new Visual Studio project.

    Choose File -> New -> 'Project from Existing Code' and follow the

    instructions of the 'Create Project from Existing Code Files Wizard'.

    Configuration:

    * Type of project: Visual C++

    * Specify the folder location of standalone.c and give a project name

    * Button 'Next'

    * Choose 'Use external build system'

    * For Debug and Release configuration, specify

    Build command line:  nmake -f makefile.win

    Clean command line:  nmake -f makefile.win clean

    Build the project with shorthand key 'F7' or use the corresponding Build

    menu item. The sources should compile without any errors or warnings.

GNU Linux systems

    Compilation under Linux has been tested with

    * GNU Make version 3.81

    * gcc compiler version 4.1.3

    To build the executable 'standalone' from standalone.c and the source code

    files in folder 'ecall', use the shell command lines

    make -f makefile.glx

    make -f makefile.glx clean

    On the platform tested, the code compiles without errors or warnings.


4.3
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.
4.3.1
Description of constants used in the C-code

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


Constant
Value
Description

#define LLR_TYPE 
0, 1 or 2
switch for word size of LLR buffer
#define BUGFIX
0 or 1
enables a bugfix





























































































/* Output logging */


#define LOG_UL   
1  
for uplink
#define LOG_DL   
1  
for downlink
#define LOG_SYNC 
1  
for synchronization



#define CRC_POLYNOMIAL 
0
selection of CRC polynomial









#define LW_MAXec 
0x7fffffff
maximum value, long word
#define SW_MAXec 
0x7fff
maximum value, short word
#define MAX(a,b) 
((a)>(b) ? (a) : (b))

#define MIN(a,b) 
((a)<(b) ? (a) : (b))

#define ABS(a)   
((a)<0 ? (-a) : (a))

#define SIGN(a)  
((a)<0 ? (-1) : (1))


#define PCM_LENGTH        
160
length of PCM frame


#define MSD_MAX_LENGTH    
140
length of MSD message (bytes)


/* Synchronization */

#define SYNC_EVENTS       
(3)
sync events required at IVS

#define BUFFER_SIZE_SYNC  
(11)
buffer size in frames
#define BUFFER_SIZE_IVS   
(11)
buffer size in frames
#define BUFFER_SIZE_PSAP  
(11)
buffer size in frames





#define NRF_SYNC          
(12)
length of sync in frames
#define LOCK_START        
(3)
number of START to lock sync
#define SYNC_IDXLEN       
(75)
sync index length
#define SYNC_AMPLITUDE    
(100e6)
sync threshold
#define SYNC_WINDOW       
(170)
sync window length in samples
#define PNSEQ_OSF         
(22)
"oversampling" of PN sequence
#define PEAK_DIST_PP      
(30*PNSEQ_OSF)
distance outer positive peaks
#define PEAK_DIST_NN      
(54*PNSEQ_OSF)
distance negative peaks
#define PEAK_DIST_PN      
(12*PNSEQ_OSF)
distance positive to negative




















/* Uplink format */

#define NRB_PER_SYMBOL    
(3)
number of bits per symbol
#define PULSE_LENGTH      
(16)
number of samples per pulse
#define HARQ_IND          
(4)
index used to access HARQ table
#define NRB_TAIL          
(3)
number of encoder tail bits
#define NRB_CRC           
(28)      
order of CRC polynomial
#define NRB_INFO
(8*MSD_MAX_LENGTH)

#define NRB_INFO_CRC
(8*MSD_MAX_LENGTH + NRB_CRC)

#define NRB_CODE_ARQ
(1380)

#define NRB_CODE_BUFFER
(3*(8*MSD_MAX_LENGTH + NRB_CRC) + 4*NRB_TAIL)


#define L_SF0             
(16) 
number of samples per subframe
#define N_SF0             
(PCM_LENGTH/L_SF0)

#define NRF_ULDATA        
(NRB_CODE_ARQ/(N_SF0*NRB_PER_SYMBOL))

#define DECODE_POS1       
(15)      
postion 1st decoding trial
#define DECODE_POS2      
(30)      
postion 2nd decoding trial

#define NRF_ULMUTE1     
(1)
number of muting frames (first part)
#define NRF_ULMUTE4       
(1)
number of muting frames (fourth part)
#define NRF_ULMUTEALL     
(7) 
muting frames in total
















/* Downlink format */

#define NRF_DLDATA        
(3)          
DL data part
#define NRF_DLMUTE1       
(3)          
DL muting 1st (after sync)
#define NRF_DLMUTE2       
(3)          
DL muting 2nd (after data)
#define NRF_DLCHUNK
(NRF_SYNC + NRF_DLMUTE1 + NRF_DLDATA + NRF_DLMUTE2)


/* IVS processing */


#define BUFFER_SIZE_OLD   
(18)        
size in frames

#define IVS_THOLD_START   
(200000)
threshold START message
#define IVS_THOLD_NACK    
(180000)
threshold NACK message
#define IVS_THOLD_ACK     
(800000)
threshold ACK message
#define IVS_THOLD_IDLE    
(800000)
threshold IDLE message

/* PSAP processing */

#define FEC_VAR           
(30206)       
variance: 1/4550000 in Q37
#define FEC_MEAN          
(0xB9999A)    
mean: 5.8 in Q21
#define FEC_ITERATIONS    
(8)
number of decoder iterations
#define FEC_STATES        
(8)
number of decoder states

#define WordLLR           
Word32
word size for soft bit buffer
#define LOGEXP_RES        
(290)
resolution of LOGEXP table
#define LOGEXP_DELTA_EXPO 
(-5)
determines internal Q-factor
#define LOGEXP_Q_IN       
(12)
input Q-factor of LLR values
#define LLR_MAX           
((LW_MAXec)>>4)

#define LLR_MAX1          
(1073741824)

#define LLR_MAX_ABS       
(LW_MAXec)




































































4.3.2
Type Definitions

The following type definitions have been used, which are defined in ecall_defines.h: 
Definition
 Description

typedef char  Word8;

word with 1 byte
typedef short Word16;

word with 2 bytes
typedef int   Word32;

word with 4 bytes



typedef enum {

  DlMsgStart,

  DlMsgNack,

  DlMsgAck,

  DlMsgIdle

} DlData;

downlink message identifiers



typedef enum {

  IvsIdle,

  IvsSendMsd

} IvsState;

IVS state identifiers
typedef struct {

  Word16 state;            

IVS state

  Word16 stateCnt[4];      

state counters

  Word16 startCntIgnore;   

counts number of unreliable Start messages
  Word32 threshold[4];    
 
decision thresholds

  Word16 txN;              

TX number of AMR frames

  Word16 txIndex;          

TX AMR frame counter
  Word16 txRedVer;         

TX redundancy version

  Word16 rxN;              

RX number of AMR frames

  Word16 rxIndex;          

RX AMR frame counter
  Word16 syncPrevDelay;    

previous sync delay

  Word16 syncIndex;        

counts AMR frames since last sync occured
  Word16 syncCounter;      

counts subsequent equal sync events
  Word16 nrSyncTrials;     

number of sync trials
  Word16 pcmBuffer[BUFFER_SIZE_IVS*PCM_LENGTH];


PCM buffer
  char   bitBuffer[NRB_CODE_BUFFER];






bit buffer
  Word16 rxRead;           

RX pcmBufferOld read pointer
  Word16 rxWrite;          

RX pcmBufferOld write pointer

  Word16 pcmBufferOld[BUFFER_SIZE_OLD*PCM_LENGTH];
PCM buffer (bug)
} 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 rxRedVer;         

RX redundancy version

  Word16 mgIndex;          

RX current position in muting gap table
  Word16 txN;              

TX number of AMR frames

  Word16 txIndex;          

TX AMR frame counter
  Word16 syncCount;        

counts number of feedback messages transmitted
  Word16 syncDelay;        

synchronization delay (position)
  Word16  *pcmBuffer;      

for synchronization
  WordLLR *bitBuffer;      

accumulation soft bits before decoding
  char    *msdBin;         

MSD in binary representation
  unsigned char *msd;      

MSD in byte representation
  char psapBuffer[1 + 8*(NRB_INFO_CRC + NRB_TAIL)];

general purpose buffer
} PsapData;

4.3.3
Description of fixed tables used in the C-code

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


Type/Constant
Dimension
Description












Word16 syncPulseForm
[5]
sync pulse
Word16 syncSequence
[15]
sync pulse sequence
Word16 syncIndexPreamble
[SYNC_IDXLEN]
sync pulse positions
Word16 syncFrame
[NRF_SYNC*PCM_LENGTH]
predefined synchronization signal
/* uplink format */

Word16 ulPulse
[PULSE_LENGTH]
uplink waveform
Word16 ulPulseMatch
[4][PULSE_LENGTH]
matched filtered uplink waveform
Word16 indexOnes
[4][3]
bit positions for turbo decoder
Word16 indexZeros
[4][3]
bit positions for turbo decoder
Word16 mgTable
[53]
table indicating muting gaps
/* downlink format */

Word16 dlPcmData
[4][NRF_DLDATA*PCM_LENGTH]

downlink transmit signal
Word16 dlPcmDataMatch
[4][NRF_DLDATA*PCM_LENGTH]

DL MF signal
/* FEC encoder/decoder */

char bitScramblingSequence
[NRB_INFO_CRC]
bit scrambling sequence
Word16 crcPolynomial
[NRB_CRC+1]
coefficients of CRC polynomial
Word16 interleaverSeq
[NRB_INFO_CRC]
interleaver sequence
Word16 redVerIndex
[8][NRB_CODE_ARQ]
index vector for HARQ process
Word16 stateTransMat
[8][2]
FEC: state transitions
Word16 stateTrans
[16]
FEC: state transitions
Word16 revStateTransMat
[8][2]
FEC: reverse state transitions
Word16 revStateTrans
[16]
FEC: reverse state transitions
Word16 outputParityMat
[8][2]
FEC: output parity indicator
Word16 outputParity
[16]
FEC: output parity indicator
WordLLR logExpTable
[LOGEXP_RES]
lookup table (logExp function)
4.3.4
Static variables used in the C-code

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


Definition
Description

IvsData ivs
IVS static memory
PsapData psap
PSAP static memory
WordLLR chCodedSoftBitBuffer[NRB_CODE_BUFFER]
soft bit buffer of turbo decoder
 










































4.4
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 3GPP TS 23.267 [1].
Figure 1gives an overview of the most important functions and their hierarchical relation.


[image: image4]
Figure 1: Hierarchical function overview

4.4.1
Interface functions
/*============================================================================*/

/* IVS  implementation: IvsReset                                      */

/*----------------------------------------------------------------------------*/

/* Description: Reset of IVS before the reception of a new MSD                */

/*                                                                            */

/* In:  const unsigned char* msd     -> MSD to be transmitted                 */

/*      int                  length  -> MSD length (equal to MSD_MAX_LENGTH)  */

/*----------------------------------------------------------------------------*/

void IvsReset(const unsigned char *msd, int length)

/*============================================================================*/

/* IVS  implementation: IvsProcess                                    */

/*----------------------------------------------------------------------------*/

/* Description: IVS modem function that processes the PCM data                */

/*                                                                            */

/* InOut:  Word16* pcm  <-> input and output block of 16bit PCM samples       */

/*----------------------------------------------------------------------------*/

void IvsProcess(Word16 *pcm) {

/*============================================================================*/

/* PSAP  implementation: PsapSendStart                                */

/*----------------------------------------------------------------------------*/

/* Description: Initiates PSAP to trigger the transmission of an MSD          */

/*----------------------------------------------------------------------------*/

void PsapSendStart()

/*============================================================================*/

/* PSAP  implementation: PsapReset                                    */

/*----------------------------------------------------------------------------*/

/* Description: Reset of PSAP before the reception of a new MSD               */

/*----------------------------------------------------------------------------*/

void PsapReset() 

/*============================================================================*/

/* PSAP  implementation: PsapProcess                                  */

/*----------------------------------------------------------------------------*/

/* Description: PSAP modem function that processes the PCM data               */

/*                                                                            */

/* InOut:  Word16* pcm  <-> input and output block of 16bit PCM samples       */

/*----------------------------------------------------------------------------*/

void PsapProcess(Word16 *pcm)



4.4.2
IVS transmitter functions

/*============================================================================*/

/* IVS FUNCTION: IvsTransmitter                                               */

/*----------------------------------------------------------------------------*/

/* Description: IVS transmitter function                                      */

/*                                                                            */

/* In:     char*   buffer   -> codebit buffer (all redundancy versions)       */

/*         Word16  rv       -> redundancy version                             */

/*         Word16  txIndex  -> number of transmit frame                       */

/* Out:    Word16* pcm      <- output data                                    */

/*----------------------------------------------------------------------------*/

void IvsTransmitter(const char *buffer, Word16 *pcm, Word16 rv, Word16 txIndex)

 












/*============================================================================*/

/* IVS FUNCTION: Bitstream                                                    */

/*----------------------------------------------------------------------------*/

/* Description: converter                                                     */

/*                                                                            */

/* In:     unsigned char* input   -> input data                               */

/*         Word16         res     -> input resolution                         */

/*         Word16         length  -> length of input                          */

/* Out:    Word16*        output  <- output data                              */

/*----------------------------------------------------------------------------*/

void Bitstream(const unsigned char *input, char *output, Word16 res,

               Word16 length)

 













/*============================================================================*/

/* IVS FUNCTION: Bit2Int                                                      */

/*----------------------------------------------------------------------------*/

/* Description: converter                                                     */

/*                                                                            */

/* In:     Word16* input   -> binary input data                               */

/*         Word16  res     -> input resolution/length of input array          */

/* Out:    Word16  output  <- output data                                     */

/*----------------------------------------------------------------------------*/

Word16 Bit2Int(char *input, char res)













/*============================================================================*/

/* ENCODER FUNCTION: FecEncode                                                */

/*----------------------------------------------------------------------------*/

/* Description: encoding of MSD                                               */

/*                                                                            */

/* InOut:  char *buffer  <-> takes info bits and returns coded bits           */

/*----------------------------------------------------------------------------*/

void FecEncode(char *buffer)













/*============================================================================*/

/* IVS FUNCTION: SymbolMod                                                    */

/*----------------------------------------------------------------------------*/

/* Description: symbol modulator                                              */

/*                                                                            */

/* In:     Word16 symbol  -> input symbol                                     */

/* Out:    Word16 mPulse  <- modulated output sequence                        */

/*----------------------------------------------------------------------------*/

void SymbolMod(char symbol, Word16 *mPulse)













/*============================================================================*/

/* ENCODER FUNCTION: AttachCRC                                                */

/*----------------------------------------------------------------------------*/

/* Description: attaches CRC bits                                             */

/*                                                                            */

/* In:     char* infoBits     -> input information bits                       */

/* Out:    char* infoWithCRC  <- bits with CRC attached                       */

/*----------------------------------------------------------------------------*/

void AttachCRC(const char *infoBits, char *infoWithCRC)

/*============================================================================*/

/* ENCODER FUNCTION: Bitscramble                                              */

/*----------------------------------------------------------------------------*/

/* Description: bit scrambling                                                */

/*                                                                            */

/* In:     char* nonScrambledIn  -> non scrambled input bit sequence          */

/* Out:    char* scrambledOut    <- scrambled output bit sequence             */

/*----------------------------------------------------------------------------*/

void Bitscramble(const char *nonScrambledIn, char *scrambledOut)

/*============================================================================*/

/* ENCODER FUNCTION: EncodeTwo                                                */

/*----------------------------------------------------------------------------*/

/* Description: encoding of scrambled bit sequence                            */

/*                                                                            */

/* InOut:  char* codedBits  <-> scrambled bits to coded bits                  */

/*----------------------------------------------------------------------------*/

void EncodeTwo(char *codedBits)

/*============================================================================*/

/* ENCODER FUNCTION: EncodeOne                                                */

/*----------------------------------------------------------------------------*/

/* Description: convolutional encoding of components                          */

/*                                                                            */

/* In:     Word16 encNr       -> component number                             */

/* InOut:  char*  codedBits  <-> bits to be encoded                           */

/*----------------------------------------------------------------------------*/

void EncodeOne(char *codedBits, Word16 encNr)














4.4.3
PSAP receiver functions

/*============================================================================*/

/* PSAP FUNCTION: PsapReceiver                                                */

/*----------------------------------------------------------------------------*/

/* Description: main demodulation function (decoding is done outside)         */

/*                                                                            */

/* In:     Word16* pcm      -> input data for demodulation (N*160 samples)    */

/*         Word16  N        -> number of frames                               */

/* Out:    Word32* ssymbol  <- demodulated soft symbol                        */

/*----------------------------------------------------------------------------*/

void PsapReceiver(Word16 *pcm, Word16 N, WordLLR *ssymbol)

















/*============================================================================*/

/* PSAP FUNCTION: SymbolDemod                                                 */

/*----------------------------------------------------------------------------*/

/* Description: symbol demodulator                                            */

/*                                                                            */

/* In:     Word16* mPulse      -> modulated pulse train (received data)       */

/*         Word16  mp          -> length of basis symbol                      */

/* Out:    Word32* softSymbol  <- demodulated soft symbol                     */

/*----------------------------------------------------------------------------*/

void SymbolDemod(WordLLR *softSymbol, Word16 *mPulse, Word16 mp)

 














/*============================================================================*/

/* PSAP FUNCTION: SoftBitstream                                               */

/*----------------------------------------------------------------------------*/

/* Description: soft bitstream function                                       */

/*                                                                            */

/* In:     Word32* softSymbols  -> input symbols                              */

/*         Word16  N            -> resolution                                 */

/*         Word16  L            -> softSymbols depth                          */

/* Out:    Word32* softBits     <- output bits                                */

/*----------------------------------------------------------------------------*/

void SoftBitstream(WordLLR *softSymbols, Word16 N, Word16 L, WordLLR *softBits)

 













/*============================================================================*/

/* DECODER FUNCTION: FecDecode                                                */

/*----------------------------------------------------------------------------*/

/* Description: decoding to yield the MSD                                     */

/*                                                                            */

/* In:     WordLLR* in   -> received bits                                     */

/*         Word16   rv   -> redundancy version                                */

/* Out:    WordLLR* out  <- decoded MSD in bits                               */

/* Return:               <- result of CRC check                               */

/*----------------------------------------------------------------------------*/

char FecDecode(const WordLLR *in, const Word16 rv, char *out)

/*============================================================================*/

/* DECODER FUNCTION: UpdateBuffer                                             */

/*----------------------------------------------------------------------------*/

/* Description: updates soft bit buffer with newly received bits              */

/*                                                                            */

/* In:     WordLLR* softInBits      -> received soft bits                     */

/*         Word16   rv              -> redundancy version                     */

/* InOut:  WordLLR* softBitBuffer  <-> complete decoder buffer                */

/*----------------------------------------------------------------------------*/

void UpdateBuffer(WordLLR *softBitBuffer, const WordLLR *softInBits,

                  const Word16 rv)

/*============================================================================*/

/* DECODER FUNCTION: DecodeCRC                                                */

/*----------------------------------------------------------------------------*/

/* Description: check CRC of decoded bits                                     */

/*                                                                            */

/* In:     WordLLR* codedBits  -> decoded bit sequence to be checked          */

/* Return:                     <- result of CRC check                         */

/*----------------------------------------------------------------------------*/

char DecodeCRC(const char *codedBits)

/*============================================================================*/

/* DECODER FUNCTION: DecodeBuffer                                             */

/*----------------------------------------------------------------------------*/

/* Description: decodes soft bit buffer                                       */

/*                                                                            */

/* In:     WordLLR* rec_syst1    -> RX systematic soft bits                   */

/*         WordLLR* rec_syst1    -> interleaved RX systematic tail bits       */

/*         WordLLR* rec_parity1  -> RX parity soft bits                       */

/*         WordLLR* rec_parity2  -> interleaved RX parity soft bits           */

/* Out:    char*    decodedBits  <- decoded bits                              */

/*----------------------------------------------------------------------------*/

void DecodeBuffer(const WordLLR *rec_syst1, const WordLLR *rec_syst2,

                  const WordLLR *rec_parity1, const WordLLR *rec_parity2,

                  char *decodedBits)

/*============================================================================*/

/* DECODER FUNCTION: Bcjr                                                     */

/*----------------------------------------------------------------------------*/

/* Description: BCJR algorithm                                                */

/*                                                                            */

/* In:     WordLLR* rec_parity   -> received parity soft bits                 */

/* InOut:  WordLLR* extrinsic   <-> extrinsic plus systematic to extrinsic    */

/*----------------------------------------------------------------------------*/

void Bcjr(const WordLLR *rec_parity, WordLLR *extrinsic)

/*============================================================================*/

/* DECODER FUNCTION: Interleave                                               */

/*----------------------------------------------------------------------------*/

/* Description: Turbo code interleaver                                        */

/*                                                                            */

/* In:     Word32* input   -> input sequence                                  */

/* Out:    Word32* output  <- output sequence                                 */

/*----------------------------------------------------------------------------*/

void Interleave(const WordLLR *input, WordLLR *output)

/*============================================================================*/

/* DECODER FUNCTION: Deinterleave                                             */

/*----------------------------------------------------------------------------*/

/* Description: Turbo code deinterleaver                                      */

/*                                                                            */

/* InOut:  Word32* inout  <-> input and deinterleaved output sequence         */

/*----------------------------------------------------------------------------*/

void Deinterleave(WordLLR *inout)

/*============================================================================*/

/* DECODER FUNCTION: Descramble                                               */

/*----------------------------------------------------------------------------*/

/* Description: descrambles decoded bits                                      */

/*                                                                            */

/* InOut:  Word32* scrambleInOut  <-> input and output bit sequence           */

/*----------------------------------------------------------------------------*/

void Descramble(char *scrambleInOut)

/*============================================================================*/

/* DECODER FUNCTION: GammaQ                                                   */

/*----------------------------------------------------------------------------*/

/* Description: compute gamma values for BCJR algorithm                       */

/*                                                                            */

/* In:     Word16   k           -> bit position                               */

/*         Word16   l           -> state                                      */

/*         WordLLR* rec_parity  -> received parity bits                       */

/*         WordLLR* extrinsic   -> sum of extrinsic and systematic bits       */

/* Return:                      <- value of gamma(k,l)                        */

/*----------------------------------------------------------------------------*/

WordLLR GammaQ(Word16 k, Word16 l, const WordLLR *rec_parity,

               const WordLLR *extrinsic)

/*============================================================================*/

/* DECODER FUNCTION: BetaQ                                                    */

/*----------------------------------------------------------------------------*/

/* Description: compute beta values for BCJR algorithm                        */

/*                                                                            */

/* In:     Word16   l            -> state                                     */

/*         WordLLR* betaQbuffer  -> buffer for backward recursion             */

/*         WordLLR* rec_parity   -> received parity bits                      */

/*         WordLLR* extrinsic    -> sum of extrinsic and systematic bits      */

/* Return:                       <- buffer pointer for a particular state     */

/*----------------------------------------------------------------------------*/

WordLLR* BetaQ(Word16 l, WordLLR *betaQbuffer, const WordLLR *rec_parity,

               const WordLLR *extrinsic)

/*============================================================================*/

/* UTILITY FUNCTION: JacLog                                                   */

/*----------------------------------------------------------------------------*/

/* Description: Jacobian logarithm                                            */

/*                                                                            */

/* In:     WordLLR a  -> value one                                            */

/*         WordLLR b  -> value two                                            */

/* Return:            <- Jacobian logarithm                                   */

/*----------------------------------------------------------------------------*/

WordLLR JacLog(Word32 a, Word32 b)

/*============================================================================*/

/* UTILITY FUNCTION: AddExp                                                   */

/*----------------------------------------------------------------------------*/

/* Description: AddExp function                                               */

/*                                                                            */

/* In:     WordLLR a  -> value one                                            */

/*         WordLLR b  -> value two                                            */

/* Return:            <- output data                                          */

/*----------------------------------------------------------------------------*/

Word32 AddExp(WordLLR a, WordLLR b)

/*============================================================================*/

/* PSAP FUNCTION: Bit2Ascii                                                   */

/*----------------------------------------------------------------------------*/

/* Description: converter                                                     */

/*                                                                            */

/* In:     Word16* input          -> binary input data                        */

/*         Word16  res            -> output resolution                        */

/*         Word16  N              -> length of output                         */

/* Out:    unsigned char* output  <- output data                              */

/*----------------------------------------------------------------------------*/

void Bit2Ascii(const char *input, unsigned char *output, Word16 res, Word16 N)

4.4.4
PSAP transmitter functions

/*============================================================================*/

/* PSAP FUNCTION: PsapTransmitter                                             */

/*----------------------------------------------------------------------------*/

/* Description: PSAP downlink transmitter (uses prestored sequences)          */

/*                                                                            */

/* In:     Word16  symbol   -> one out of four downlink symbols (0..3)        */

/*         Word16  index    -> position in downlink frame                     */

/* InOut:  Word16* pcm     <-> transmission vector (160 samples)              */

/*----------------------------------------------------------------------------*/

void PsapTransmitter(Word16 *pcm, Word16 symbol, Word16 index)

4.4.5
IVS receiver functions

/*============================================================================*/

/* IVS utility function: IvsStateMachine                                      */

/*----------------------------------------------------------------------------*/

/* Description: IVS state machine, evaluating feedback messages               */

/*                                                                            */

/* In:  Word16* buffer  -> pointer to buffer containing DL PCM data samples   */

/*----------------------------------------------------------------------------*/

void IvsStateMachine(Word16 *buffer)
/*============================================================================*/

/* IVS FUNCTION: IvsReceiver                                                  */

/*----------------------------------------------------------------------------*/

/* Description: IVS receiver function                                         */

/*                                                                            */

/* In:     Word16* pcm        -> input data for downlink receiver             */

/*         Word32* threshold  -> decision thresholds for reliability factor   */

/* Out:    Word32* metric     <- metric[4]: reliability factor (< 0 skip)     */

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

/* Return: Word16  msg        <- demodulated message                          */

/*----------------------------------------------------------------------------*/

Word16 IvsReceiver(Word16 *pcm, Word32 *threshold, Word32 *metric)

















4.4.6
Synchronization function (IVS and PSAP)

/*============================================================================*/

/* FUNCTION: EcallSync                                                        */

/*----------------------------------------------------------------------------*/

/* Description: main synchronization function                                 */

/*                                                                            */

/* In:     Word16* syncBuffer    -> input xframe data                         */

/*         Word16  id            -> identifies if caller is PSAP or IVS       */

/*         Word16  nrSyncTrials  -> number of sync trials                     */

/* Out:    Word16* detflag       <- signals sync detection                    */

/*         Word16* delay         <- delay offset w.r.t. frame boundary        */

/*----------------------------------------------------------------------------*/

void EcallSync(Word16 *syncBuffer, char *detflag, Word16 *delay, Word16 id,

               Word16 nrSyncTrials)
 













/*============================================================================*/

/* PSAP FUNCTION: MpyLacc                                                     */

/*----------------------------------------------------------------------------*/

/* Description: multiplies a 32 bit and a 16 bit number (result is 32 bit)    */

/*                                                                            */

/* In:     Word16 var1    -> 16 bit number                                    */

/*         Word32 L_var2  -> 32 bit number                                    */

/* Return:                <- result                                           */

/*----------------------------------------------------------------------------*/

Word32 MpyLacc(Word32 L_var2, Word16 var1)
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