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1 Introduction
This document explains the tools and methods which have been employed to simulate the 3GPP transport conditions for MBMS streaming delivery. The application layer FEC as specified in TS26.346 was not used in this characterization.  
2 Simulation Approach
Overview

The processing chain which was used for these tests aimed at resembling a real-world transmission scenario. This includes source encoding, RTP packetization, mapping to RLC-PDUs, de-packetization and decoding. Error insertion was performed on the RLC-PDU level using a file-based approach and simulator software for GERAN and UTRAN which is briefly described in the following and is also included in the zip-archive in Annex A. In principle, all RTP packets which were affected at least partly by a RLC-PDU error were discarded. The simulation also modeled the  application of Header Compression by reducing the RTP/UDP/IP packet headers to some constant number of bytes. All packet loss rates in TR26.936 mentioned refer to RLC-PDU packet loss rates, not to RTP packet loss rates. Some indication on the resulting RTP loss rates are provided in section 3.
2.1 
The attached SA4-internal tool simulation tool sa4sim (see Annex A) was used to map RLC-PDU error traces to RTP packet losses. A block diagram of this software is shown in Figure 1.
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Figure 1 RTP Packet Loss Simulator. Link level behaviour is captured in error traces and mapped to RTP packets. The input format to the simulator is according to the interim file format (IFF).

The audio codecs produce RTP packets which are encapsulated into an interim file format (IFF). The resulting packet stream is stored in the IFF and can be processed by the simulator. The IFF is such that each RTP packet is preceded by two additional fields as shown in Figure 2. The fields include the size of the RTP packet including payload and header in bytes and a time stamp (time in ms). This time stamp is used for different purposes: It basically indicates  when the included RTP packet is virtually available for the next processing unit. This file format allows the encoder to signal to the simulation software when the packet is available and also the simulation software when the packet is available to the decoder. 

[image: image2]
Figure 2. Audio codec interface to the packet loss simulator. In addition to the RTP packet, two additional header fields are generated by the codecs. Packet size: size of the RTP packet including payload and header. Time stamp: time (in ms) at which the packet is transmitted or received.
In addition to the modification of the time stamp, the software tool maps the RTP packets to the error masks on RLC-PDU layer. One PDU error results in that all RTP packets which are partially or completely mapped to the lost PDU, to be discarded. Discarded packets are not further signaled to the decoder, but are just not written in to the output file. All non-discarded packets are error-free. It was expected that the audio decoder including the de-packetizer is able to detect packet losses by only employing the information being included in correctly received RTP packets. 
Software Configuration
The software tool can be configured by different parameter settings. An exemplary configuration file sa4sim.cfg is provided. In the following we will briefly define the input parameters:

RTPinfile

= "infile.iff"        
# Input File

RTPoutfile

= "outfile.iff"     
# Output File

LogFile


= "log.txt"      
# Log File

Bearer


= 1

     
# Bearer Number

RandomSeed

= 0

     
# Random Seed


ErrorFreeRTP

= 0

     
# Number of error-free RTPs

TSModeSender 

= 2 


# 1 ignore TS at transmitter, 
# 0 use TS, send dummy, 
# 2 same 0, but non-alignment

StatFile

= "stat.dat"     
# Statistics File

The software can be executed for example by using

sa4sim –f sa4sim.cfg –p RTPinfile=<user defined> -p Bearer=<1-10> -p RandomSeed=<1-32>
The configuration parameters are explained in more details in the following.

RTPinfile:

File name for the input file with interim file format. The file should consist of a packetized format as follows:

· 4 bytes length indication of following payload L1 in bytes (32-bit unsigned integer),

· 4 bytes timing information (generation time in ms, 32-bit integer),

· L1 bytes payload being an RTP packet including the RTP header,

· 4 bytes length indication with L2, 

· 4 bytes timing information,

· L2 bytes payload being an RTP packet including the RTP header
· etc.

The timing information indicates the time instant in ms when the packet is released by the encoder. The simulator can use this information to maintain a certain sending timeline and to send dummy data or data from other applications in case no data is available from the considered audio stream or to drop audio stream packets in case of buffer overflow at the transmitter. This allows  for example the simulation of live encoding.. The use of this information is optional and is indicated by TSSenderMode (see below).

RTPoutfile:

File name for output file also in  interim file format. It is identical to the input file except that
· Entire RTP packets including length information, timing information, and payload might be missing in case that the RTP packet has at least partly been mapped to a lost RLC-PDU.
· The timing is altered such that the time instant in ms is provided when the RTP packet is released by the receiver.
Log File:

Logs events in the simulator.

Bearer:

A specific bearer can be selected using a number which addresses a bearer. The bearer is further specified in a file named <bearers.txt>. In this file each non-commented line (comment is #) represents a bearer. Additional bearers can be added. More details:

# This file contains some bearer configuration. The bearers can be indexed by the number.

# The specific columns are explained in the following

# Number:     
Number of the bearer used as index (integer)

# File:

File name of the error masks, can be bit errors or packet errors

# Format:     
Gives the format of the file (binary for bit errors, ascii for packet errors)

# TTI:
      
Transmission Time Interval in ms
# RFS:
      
Radio Frame Size in bytes describes the RLC-PDU size

# Mode:
       
Transmission Mode: 1 is acknowledged bearer, 0 is unacknowledged bearer

# System:     
0=CDMA2000, 1=UMTS, only difference is in sizes of fields added for headers

# CRUIH:      
Compressed RTP/IP/UDP header size assuming header compression

# RDel:
(only for ACK mode) The retransmission delay before it is available at the

encoder in multiples of the TTI

# Amod:
       (only for ACK mode) Mode of Acknowledged Bearer (0=persistent, 1=non-persistent)

# NoRet:      (only non-persistent ACK mode) Number of Retransmission for ACK mode

#

# The following bearers are defined

# Number
File



Format
TTI
RFS 
Mode
System CRUIH
# MBMS EGPRS Bearers

1
EGPRS/EP0.txt



ascii
15
74
0
3
8

2
EGPRS/EP1.txt



ascii
15
74
0
3
8

3
EGPRS/EP2.txt



ascii
15
74
0
3
8

4
EGPRS/EP3.txt



ascii
15
74
0
3
8

5
EGPRS/EP4.txt



ascii
15
74
0
3
8

6
EGPRS/EP5.txt



ascii
15
74
0
3
8
7
EGPRS/EP6.txt



ascii
15
74
0
3
8
8
EGPRS/EP7.txt



ascii
15
74
0
3
8
# MBMS UTRAN Bearers
11  
MBMS_32kbps_80ms_VA3_BLER_1_0.txt
ascii
80
320
0
1
4

12     
MBMS_32kbps_80ms_VA3_BLER_5_0.txt
ascii
80
320
0
1
4

13     
MBMS_64kbps_80ms_VA3_BLER_1_0.txt
ascii
80
640
0
1
4

14     
MBMS_64kbps_80ms_VA3_BLER_5_0.txt
ascii
80
640
0
1
4

RandomSeed:

Integer value to modify the starting position in the error pattern. For longer simulations it is proposed to start with 0 and increment the value by 1 for each run. Furthermore, this value is used as the initial seed of the random generator.
ErrorfreeRTP:

Specifies a certain number of RTP Packets at the beginning of the file which can be forwarded directly to the receiver without being lost. This is especially important if for example the first packet contains setup information, but was not used in the audio characterization tests.
TSModeSender:

· If 0, the timing information in the packets is ignored. 
· If 1, the program evaluates the timestamp and does not send the packet until the internal clock is as least as high as the time stamp of the packet. Therefore, one can simulate live encoding.

· If 2, just as 1. In addition, with the start of a new RLC-PDU, the start of the RTP packet is not aligned with the start of the RLC-PDU, but a random offset (uniformly distributed with the RLC-PDU length) is chosen. This mode was used in the audio characterization tests.
Stat File:

Provides some information for each run. In detail, the following information is provided:

· Date and time

· Bearer number

· Starting position in error file determined by RandomSeed

· Bit error rate for this transmission

· Native RLC-PDU loss rate

· Effective bit rate counting only correctly received RLC blocks

· Total Number of RLC frames

· Total Number of retransmitted RLC frames

· Total Number of dummy RLC frames 
· Total Number of RTP packets excluding the first error free RTP packets

· Total RTP packet loss rate

· The bit rate for the video in kbit/s
· The total amount of time to transmit this file in ms.

Error Traces for GERAN

RLC-PDU error traces masks for GERAN were generated using the following parameters:

· Transmission mode: Non-persistent mode with blind re-transmission without feedback. 

· Receiver mode: Incremental Redundancy (IR) 

· Frequency hopping scheme: Ideal 

· Statistical independence of RLC block errors. 

· Modulation and coding scheme: MCS-6 

· Number of RLC block re-transmissions: 2 (in total 3 transmissions)
· Bitrate for using 4 multislots: 39.47 kbit/s
Error Traces for UTRAN

RLC-PDU error traces masks for UTRAN were generated using the following parameters
· RLC-PDU loss rates: 1% & 5% 

· Bearer bitrates: 32 & 64 kbps 

· Geometry: -3dB 

· Selective combining with two radio links 

· Slot formats: 8 for 32 kbps and 10 for 64 kbps (see S4-040803 for details) 

· Channel model: Vehicular-A, 3 km/hr 

· TTI: 80 ms
It was assumed that the PDU sizes were 320 and 640 bytes for 32 and 64 kbps bearers, respectively. For more details on the generation of the error traces it is referred to document S4-040803. The above simulation parameters have been agreed with RAN4.
2.2 Simulation Parameters and Results
For the simulations bearers 3, 7, and 8 are used for EGPRS and 11, 12, 13, and 14 are used for UTRAN. Table 1 shows the average RTP loss rate for files of length 10 seconds with RTP packets every 20ms with constant RTP packet size. The average for RandomSeed set to 0,1,2,…31 is evaluated. Note that the RTP loss rate is in general slightly higher than the target RLC-PDU rate due to segmentation losses. The Unix batch file rtp_loss_rate as well as some artificial files with appropriate bitrates in iff-format are included. To verify the results of the columns please run the rtp_loss_rate <bearer> <bitrate in kbit/s>.
Table 1 Average RTP loss rate for different bearers and media bitrates.
	Bearer →
Bitrate ↓
	EGPRS 1%
EP2: 3
	EGPRS 6%

EP6: 7
	EGPRS 10%

EP7: 8
	UTRAN 1%

11/13
	UTRAN 5%

12/14

	16 kbit/s
	1.29%
	8.81%
	14.07%
	-
	-

	20 kbit/s
	1.48%
	9.95%
	15.71%
	0.95%
	5.76%

	24 kbit/s
	1.71%
	10.85%
	17.32%
	-
	-

	32 kbit/s
	-
	-
	-
	1.18%
	6.36%


	40 kbit/s
	-
	-
	-
	0.89%
	6.14%


Annex A: Software Archive sa4sim.zip
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src/configfile.cpp#define INCLUDED_BY_CONFIGFILE_C

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <assert.h>

#include "global.h"
#include "configfile.h"


static char *GetConfigFileContent (char *Filename);
static void ParseContent (char *buf, int bufsize);
static int ParameterNameToMapIndex (char *s);
static void PatchInp ();



#define MAX_ITEMS_TO_PARSE  10000


/*!
***********************************************************************
* \brief
*    Parse the command line parameters and read the config files.
* \param ac
*    number of command line parameters
* \param av
*    command line parameters
***********************************************************************
*/
void Configure(int ac, char *av[])
  {
  char *content;
  int CLcount, ContentLen, NumberParams;
  
  memset (&configinput, 0, sizeof (InputParameters));
  // Process default config file
#ifdef DEBUG  
  printf ("Parsing Configfile %s", DEFAULTCONFIGFILENAME);
#endif
  content = GetConfigFileContent (DEFAULTCONFIGFILENAME);
  ParseContent (content, strlen(content));
#ifdef DEBUG
  printf ("\n");
#endif
  free (content);

  
  // Parse the command line
  
  CLcount = 1;
  while (CLcount < ac)
    {
    if (0 == strncmp (av[CLcount], "-f", 2))  // A file parameter?
      {
      content = GetConfigFileContent (av[CLcount+1]);
#ifdef DEBUG
      printf ("Parsing Configfile %s", av[CLcount+1]);
#endif

      ParseContent (content, strlen (content));
#ifdef DEBUG
      printf ("\n");
#endif

      free (content);
      CLcount += 2;
      } else
      {
      if (0 == strncmp (av[CLcount], "-p", 2))  // A config change?
        {
        // Collect all data until next parameter (starting with -<x> (x is any character)),
        // put it into content, and parse content.
        
        CLcount++;
        ContentLen = 0;
        NumberParams = CLcount;
        
        // determine the necessary size for content
        while (NumberParams < ac && av[NumberParams][0] != '-')
          ContentLen += strlen (av[NumberParams++]);        // Space for all the strings
        ContentLen += 1000;                     // Additional 1000 bytes for spaces and \0s
        
        
        if ((content = (char *)malloc (ContentLen))==NULL) 
          {
            fprintf(stderr, "No memory!\n");
            exit(1);
          };
        content[0] = '\0';
        
        // concatenate all parameters itendified before
        
        while (CLcount < NumberParams)
          {
          char *source = &av[CLcount][0];
          char *destin = &content[strlen (content)];
          
          while (*source != '\0')
            {
            if (*source == '=')  // The Parser expects whitespace before and after '='
              {
              *destin++=' '; *destin++='='; *destin++=' ';  // Hence make sure we add it
              } else
                *destin++=*source;
              source++;
            }
          *destin = '\0';
          CLcount++;
          }
#ifdef DEBUG
        printf ("Parsing command line string '%s'", content);
#endif
        ParseContent (content, strlen(content));
        free (content);
#ifdef DEBUG
        printf ("\n");
#endif
        }
      else
        {
        fprintf (stderr, "Error in command line, ac %d, around string '%s', missing -f or -p parameters?", CLcount, av[CLcount]);
        exit(300);
        }
        }
    }
#ifdef DEBUG
  printf ("\n");
#endif
  }

  /*!
  ***********************************************************************
  * \brief
  *    allocates memory buf, opens file Filename in f, reads contents into
  *    buf and returns buf
  * \param Filename
  *    name of config file
  ***********************************************************************
*/
char *GetConfigFileContent (char *Filename)
  {
  unsigned FileSize;
  FILE *f;
  char *buf;
  
  if (NULL == (f = fopen (Filename, "r")))
    {
    fprintf(stderr, "Cannot open configuration file %s.\n", Filename);
    exit(300);
    }
  
  if (0 != fseek (f, 0, SEEK_END))
    {
    fprintf(stderr, "Cannot open configuration file %s.\n", Filename);
    exit(300);
    }
  
  FileSize = ftell (f);
  if (FileSize < 0 || FileSize > 60000)
    {
    fprintf(stderr, "Cannot open configuration file %s.\n", Filename);
    exit(300);
    }
  if (0 != fseek (f, 0, SEEK_SET))
    {
    fprintf(stderr, "Cannot open configuration file %s.\n", Filename);
    exit(300);
    }
  
  if ((buf = (char *)malloc (FileSize + 1))==NULL) 
    {
    fprintf(stderr, "No Memory\n");
    exit(300);
    }
  
  // Note that ftell() gives us the file size as the file system sees it.  The actual file size,
  // as reported by fread() below will be often smaller due to CR/LF to CR conversion and/or
  // control characters after the dos EOF marker in the file.
  
  FileSize = fread (buf, 1, FileSize, f);
  buf[FileSize] = '\0';
  
  
  fclose (f);
  return buf;
  }


  /*!
  ***********************************************************************
  * \brief
  *    Parses the character array buf and writes global variable input, which is defined in
  *    configfile.h.  This hack will continue to be necessary to facilitate the addition of
  *    new parameters through the Map[] mechanism (Need compiler-generated addresses in map[]).
  * \param buf
  *    buffer to be parsed
  * \param bufsize
  *    buffer size of buffer
  ***********************************************************************
*/
void ParseContent (char *buf, int bufsize)
  {
  char *items[MAX_ITEMS_TO_PARSE];
  int MapIdx;
  int item = 0;
  int InString = 0, InItem = 0;
  char *p = buf;
  char *bufend = &buf[bufsize];
  int IntContent;
  int i;
  
  // Stage one: Generate an argc/argv-type list in items[], without comments and whitespace.
  // This is context insensitive and could be done most easily with lex(1).
  
  while (p < bufend)
    {
    switch (*p)
      {
      case 13:
        p++;
        break;
      case '#':                 // Found comment
        *p = '\0';              // Replace '#' with '\0' in case of comment immediately following integer or string
        while (*p != '\n' && p < bufend)  // Skip till EOL or EOF, whichever comes first
          p++;
        InString = 0;
        InItem = 0;
        break;
      case '\n':
        InItem = 0;
        InString = 0;
        *p++='\0';
        break;
      case ' ':
      case '\t':              // Skip whitespace, leave state unchanged
        if (InString)
          p++;
        else
          {                     // Terminate non-strings once whitespace is found
          *p++ = '\0';
          InItem = 0;
          }
        break;
        
      case '"':               // Begin/End of String
        *p++ = '\0';
        if (!InString)
          {
          items[item++] = p;
          InItem = ~InItem;
          }
        else
          InItem = 0;
        InString = ~InString; // Toggle
        break;
        
      default:
        if (!InItem)
          {
          items[item++] = p;
          InItem = ~InItem;
          }
        p++;
      }
    }
  
  item--;
  
  for (i=0; i<item; i+= 3)
    {
    if (0 > (MapIdx = ParameterNameToMapIndex (items[i])))
      {
      fprintf(stderr, "Parsing Error\n");
      exit(300);
      }
    if (strcmp ("=", items[i+1]))
      {
      fprintf(stderr, "Parsing Error\n");
      exit(300);
      }
    
    // Now interprete the Value, context sensitive...
    
    switch (Map[MapIdx].Type)
      {
      case 0:           // Numerical
        if (1 != sscanf (items[i+2], "%d", &IntContent))
          {
          fprintf(stderr, "Parsing Error\n");
          exit(300);
          }
        * (int *) (Map[MapIdx].Place) = IntContent;
#ifdef DEBUG
        printf (".");
#endif
        break;
      case 1:
        strcpy ((char *) Map[MapIdx].Place, items [i+2]);
#ifdef DEBUG
        printf (".");
#endif
        break;
      default:
        assert ("Unknown value type in the map definition of configfile.h");
      }
    }
  memcpy (input, &configinput, sizeof (InputParameters));
  PatchInp();
}

/*!
***********************************************************************
* \brief
*    Returns the index number from Map[] for a given parameter name.
* \param s
*    parameter name string
* \return
*    the index number if the string is a valid parameter name,         \n
*    -1 for error
***********************************************************************
*/
static int ParameterNameToMapIndex (char *s)
  {
  int i = 0;
  
  while (Map[i].TokenName != NULL)
    if (0==strcmp (Map[i].TokenName, s))
      return i;
    else
      i++;
    return -1;
  };

  /*!
  ***********************************************************************
  * \brief
  *    Checks the input parameters for consistency.
  ***********************************************************************
*/
static void PatchInp ()
  {
  
  }







src/loss_generator.cpp

#include "global.h"
#include "loss_generator.h"


// constructor
LOSS_GENERATOR::LOSS_GENERATOR()
{
  // basic initialization
  ModuleName = "LOSS-GENERATOR";

  pattern_length = 0;
  pattern_start_position = -1;
  pattern_read_position = -1;
  
  total_bits_counter = 0;
  total_erroneous_bits_counter = 0;
  bit_error_rate = 0.;
  total_frames_counter = 0;
  total_erroneous_frames_counter = 0;
  frame_error_rate = 0.;
}



// destructor
LOSS_GENERATOR::~LOSS_GENERATOR()
{


}


// initialize the loss generator from the given parameter file
void LOSS_GENERATOR::initialize()
{
  // get the bit error pattern location from the parameter file
  if ( (ErrorPatternFile_ptr=fopen(par->bearer->errorpatternfile,"rb")) == NULL )
    {
      fprintf(stderr,"!!error in module %s: couldn't open file %s \n",ModuleName, par->bearer->errorpatternfile);
      exit(-1);
    }
  else 
    {
      fprintf(LogFile_ptr,"%s: reading bit error pattern from binary file %s\n",ModuleName, par->bearer->errorpatternfile);
    } 

  // determine length of the error pattern file and read it into the memory buffer
  if ( fseek(ErrorPatternFile_ptr,0L,SEEK_END) )
    {
      fprintf(stderr,"!!error in module %s: can't fseek to end of file %s\n",ModuleName, par->bearer->errorpatternfile);
      exit(-1);
    }
  if ( (pattern_length = ftell(ErrorPatternFile_ptr)) == -1 )
    {
      fprintf(stderr,"!!error in module %s: can't get length of file %s\n",ModuleName,par->bearer->errorpatternfile);
      exit(-1);
    }
  else
    {
      fprintf(LogFile_ptr,"%s: bit error pattern is of length %d bytes\n",ModuleName,pattern_length);
    }

  if(par->bearer->format==PACKET)
    pattern_length/=3;

  fseek(ErrorPatternFile_ptr,0L,SEEK_SET);
  if ( (bit_error_pattern = (byte *)malloc(pattern_length)) == NULL)
    {
      fprintf(stderr,"!!error in module %s: cannot allocate enough memory to store bit error pattern\n",ModuleName);
      exit(-1);
    }

  if(par->bearer->format==BIT)
    {
      if ( fread(bit_error_pattern,pattern_length,1,ErrorPatternFile_ptr) != 1 )
	{
	  fprintf(stderr,"!!error in module %s: could not read error pattern from file %s\n",ModuleName,par->bearer->errorpatternfile);
	  exit(-1);
	}
    }
  else
    {
      // Format ist PACKET
      for(int i=0; i<pattern_length; i++) 
	fscanf(ErrorPatternFile_ptr ,"%c\n", &bit_error_pattern[i]);

      int error=0;
      for(int i=0; i<pattern_length; i++)   
	if(bit_error_pattern[i]=='1')
	  error++;
      printf("Here we are %d %d %lf\n", error, pattern_length, (double)error/(double)pattern_length);

    }

  // close error pattern file after successful reading
  fclose(ErrorPatternFile_ptr);

#ifdef WIN32
  srand(input->seed+1);
#else
  srandom(input->seed+1);
#endif


  // determine the starting position in the bit error pattern 
  // this depends on some seed 0, 1, 2, ...
  if(input->seed)
    {
      int position=31;
      int mask=1<<position;
      while(!(input->seed & mask) && position) 
	{
	  position--;
	  mask=1<<position;
	}

      int denominator = 1<<(position+1);
      int numerator = (input->seed - (1<<position))*2+1;

      pattern_start_position = (numerator*pattern_length)/denominator;
      /* Alignment to radio_frame necessary */
      if(par->bearer->format==BIT)
	{
	  pattern_start_position /= (par->bearer->radio_frame_size/8);
	  pattern_start_position *= (par->bearer->radio_frame_size/8);
	}
    }
  else
    pattern_start_position = 0;

  if ( (pattern_start_position < 0) || (pattern_start_position >= pattern_length) )
    {
      fprintf(stderr,"!!error in module %s: illegal value %d for pattern start position\n",ModuleName,pattern_start_position);
      exit(-1);
    }
  else 
    {
      fprintf(LogFile_ptr,"%s: starting at byte %d in the error pattern\n",ModuleName,pattern_start_position);
      pattern_read_position = pattern_start_position;
    }
  
}


// determine, if frame of length <frame_size> bits contains bit errors after transmission
Boolean LOSS_GENERATOR::bit_error_indication(int frame_size)
{
  int i,j;
  int erroneous_bits_counter;
  Boolean error_indicator;
  byte error_byte;

  erroneous_bits_counter = 0;
  error_indicator = FALSE;

  // check, if frame_size is a multiple of eight bits, i.e. byte-aligned
  if ( (frame_size % 8) != 0 )
    {
      fprintf(stderr,"!!error in module %s: frame size %d is not a multiple of eight bits\n",ModuleName,frame_size);
      exit(-1);
    }

  if(par->bearer->format==BIT)
    {
      // check for bit errors in each byte of the current frame
      for (i=0;i<(frame_size/8);i++)
	{
	  error_byte = bit_error_pattern[pattern_read_position++];
	  // wrap around stored bit error pattern at the end
	  if ( pattern_read_position == pattern_length )
	    {
	      pattern_read_position = 0;
	    }
	  erroneous_bits_counter = 0;
	  if ( error_byte )
	    {
	      for (j=0;j<8;j++)
		{
		  if ( (error_byte>>j) & 1 )
		    {
		      erroneous_bits_counter++;
		    }
		}
	      // printf("Here we are\n");
	      total_erroneous_bits_counter += erroneous_bits_counter;
	      error_indicator = TRUE;
	    }
	  total_bits_counter += 8;
	}
    }
  else
    { // Format = PACKET
      // printf("Here we are %d %d\n", total_erroneous_frames_counter,  total_frames_counter);
	  
      error_indicator = (bit_error_pattern[pattern_read_position++] == '1') ? TRUE : FALSE;
      total_bits_counter += frame_size;
      if(error_indicator) 
	total_erroneous_bits_counter += frame_size/2;
    }
      
  total_frames_counter++;
  if ( error_indicator )
    {
      total_erroneous_frames_counter++;
    }

  return error_indicator;
}



// write transmission statistics at the end of the simulation
void LOSS_GENERATOR::write_statistics(FILE *fp)
{
  //calculate statistics first
  bit_error_rate = (double)total_erroneous_bits_counter/(double)total_bits_counter;
  frame_error_rate = (double)total_erroneous_frames_counter/(double)total_frames_counter;
#if DEBUG
  // write statistics to file
  fprintf(fp,"----------------------------------------------------------------------------\n");
  fprintf(fp,"%s: Statistics:\n\n",ModuleName);

  fprintf(fp,"total number of bits transmitted:      %10d\n",total_bits_counter);
  fprintf(fp,"number of erroneous bits:              %10d\n",total_erroneous_bits_counter);
  fprintf(fp,"bit error rate:                      %e\n\n",bit_error_rate);
  
  fprintf(fp,"total number of frames transmitted:    %10d\n",total_frames_counter);
  fprintf(fp,"number of erroneous frames:            %10d\n",total_erroneous_frames_counter);
  fprintf(fp,"frame error rate:                    %e\n",frame_error_rate);  

  //fprintf(fp,"----------------------------------------------------------------------------\n");
#else
  fprintf(fp,"%3d |%8d|%8.3lg|%8.4lg|", input->bearer, 
	  pattern_start_position, bit_error_rate, frame_error_rate);
#endif
}







src/packet_data_agent.cpp

#include "packet_data_agent.h"



// constructor
PACKET_DATA_AGENT::PACKET_DATA_AGENT()
  {
  int i;
  
  // basic initialization
  ModuleName = "PACKET-DATA-AGENT";
  
  agent_header_size = 0;
  compressed_Internet_header_size = 0;
  
  for (i=0;i<PACKET_BUFFER_SIZE;i++)
    {
    RTP_Buffer[i].size = 0;
    RTP_Buffer[i].timestamp = 0;
    }
  
  RTP_buffer_read_position = 0;
  RTP_buffer_write_position = 0;
  RTP_buffer_length = 0;
  
  total_packets_counter = 0;
  total_lost_packets_counter = 0;
  packet_loss_rate = 0;
  total_correct_bits_counter = 0;
  total_correct_payload_bits_counter = 0;
  effective_bitrate = 0.;
  effective_net_bitrate = 0.;
  
  pdu_available = FALSE;
  
  simulation_time = 0;
  }



// destructor
PACKET_DATA_AGENT::~PACKET_DATA_AGENT()
  {
  fclose(InputFile_ptr);
  fclose(OutputFile_ptr);
  }



// initialize the packet data agent from the given parameter file
void PACKET_DATA_AGENT::initialize()
  {
  int file_size;
  
  
  if ( (InputFile_ptr=fopen(input->infile,"rb")) == NULL )
    {
    fprintf(stderr,"!!error in module %s: couldn't open file %s \n",ModuleName,input->infile);
    exit(-1);
    }
  else 
    {
    fprintf(LogFile_ptr,"%s: reading RTP input stream from binary file %s\n",ModuleName,input->infile);
    } 
  
  // determine length of the input file
  if ( fseek(InputFile_ptr,0L,SEEK_END) )
    {
    fprintf(stderr,"!!error in module %s: can't fseek to end of file %s\n",ModuleName,input->infile);
    exit(-1);
    }
  if ( (file_size = ftell(InputFile_ptr)) == -1 )
    {
    fprintf(stderr,"!!error in module %s: can't get size of file %s\n",ModuleName,input->infile);
    exit(-1);
    }
  else if ( file_size == 0 )
    {
    fprintf(stderr,"!!error in module %s: input file %s is empty\n",ModuleName,input->infile);
    exit(-1);
    }
  else
    {
    fprintf(LogFile_ptr,"%s: input file is of size %d bytes\n",ModuleName,file_size);
    }
  fseek(InputFile_ptr,0L,SEEK_SET);
  
  
  // get the location of the output RTP stream from the parameter file
  if ( (OutputFile_ptr=fopen(input->outfile,"wb")) == NULL )
    {
    fprintf(stderr,"!!error in module %s: couldn't open file %s for writing\n",ModuleName,input->outfile);
    exit(-1);
    }
  else 
    {
    fprintf(LogFile_ptr,"%s: writing RTP output stream to binary file %s\n",ModuleName,input->outfile);
    } 
  
  
  // get the number of error-free PDUs in the beginning from the parameter file
  error_free = input->errorfree_rtp;
  if ( error_free < 0 )
    {
    fprintf(stderr,"!!error in module %s: illegal value %d for number of error free PDUs\n",ModuleName,error_free);
    exit(-1);
    }
  else 
    {
    fprintf(LogFile_ptr,"%s: writing %d packets directly to file\n",ModuleName,error_free);
    }
  
  
  // get the size of the compressed Internet header from the parameter file
  compressed_Internet_header_size = par->bearer->com_ipudprtp_header_size;
  fprintf(LogFile_ptr,"%s: compressing each RTP/UDP/IP header to %d bytes\n",ModuleName,compressed_Internet_header_size);
  
  
  // get the header size of the packet data agent from the parameter file
  switch(par->bearer->system)
    {
    case CDMA2000:
      agent_header_size = PA_HEADER_SIZE_CDMA2000;
      break;
    case UMTS:
      agent_header_size = PA_HEADER_SIZE_UMTS;
      break;
    case GPRS:
      agent_header_size = PA_HEADER_SIZE_GPRS;
      break;
    case EGPRS:
      agent_header_size = PA_HEADER_SIZE_EGPRS;
      break;  
    default:
      fprintf(stderr,"!!error in module %s: illegal value %d for system %d\n", ModuleName, par->bearer->system);
      exit(-1);
    }

  if ( agent_header_size <= 0 )
    {
    fprintf(stderr,"!!error in module %s: illegal value %d for the packet agent header size\n",ModuleName,agent_header_size);
    exit(-1);
    }
  else 
    {
    fprintf(LogFile_ptr,"%s: adding %d bytes of header info to each PDU\n",ModuleName,agent_header_size);
    }
  
  
  // get transmission technology of the packet data agent from the parameter file
  switch(input->ts_mode_sender)
    {
    case 0:
      fprintf(LogFile_ptr,"%s: using Timestamp-based streaming\n",ModuleName);
      ats_flag = FALSE;
      break;
    case 1:
      fprintf(LogFile_ptr,"%s: using Ahead of Time streaming - ignore sending time stamps\n",ModuleName);
      ats_flag = TRUE;
      break;
    case 2:
      fprintf(LogFile_ptr,"%s: using Timestamp-based streaming\n",ModuleName);
      ats_flag = FALSE;
      break;
    default:
      fprintf(stderr,"%s: TS Sender Mode %d not supported\n",ModuleName, input->ts_mode_sender);
      exit(1);
    }
  
  int bytecount;
  int time;
  unsigned char buffer[MAX_BUFFER_SIZE];
  for(int i=0; i<error_free; i++)
    {
    
    if (fread (&bytecount, 4, 1, InputFile_ptr) != 1)
      {
      fprintf(stderr,"!!error in module %s: could not read %d PDUs\n",ModuleName,error_free);
      exit(-1);
      }      
    fread (&time, 4, 1, InputFile_ptr);
    fread (buffer, bytecount, 1, InputFile_ptr);
    fwrite(&bytecount, 4, 1, OutputFile_ptr);
    fwrite(&time, 4, 1, OutputFile_ptr);
    fwrite(buffer, bytecount, 1, OutputFile_ptr);
    }
  fprintf(LogFile_ptr,"%s: end initialization process\n",ModuleName);
  }
  
  
  
  // if already available, read new RTP packet from file, compress the header, form a PDU and pass it to the
  // calling module
  // return values: 0: succeeded
  //                1: failed: input file still contains data, but the timestamp is younger than the current simulation time
  //                2: failed: end of input file already reached 
  
  int PACKET_DATA_AGENT::get_PDU(int current_time,VIRTUAL_PDU *PDU_in)
    {
    int packet_size, packet_timestamp, compressed_packet_size;
    
    
    // check for possible RTP buffer overflow before reading new RTP packet from file
    if ( RTP_buffer_length >= PACKET_BUFFER_SIZE )
      {
      fprintf(stderr,"!!error in module %s: RTP buffer overflow -> increase the value for PACKET_BUFFER_SIZE in the source code\n",ModuleName);
      exit(-1);
      }
    
    
    // If no PDU available which has not yet been release we have to see if we can get a new one
    if(!pdu_available)
      {
      // check, if the end of the input file has already been reached
      if ( feof(InputFile_ptr) != 0 )
        {
        fprintf(LogFile_ptr,"%s: end of input file %s has already been reached before\n",ModuleName, input->infile);
        PDU_in->internal_identifier = -1;
        PDU_in->size = 0;
        return 2;
        }
      
      packet_size = 0;
      packet_timestamp = 0;
      
      // read the size and timestamp of the next RTP packet, and check the timestamp with respect to the current time
      if ( fread(&packet_size,sizeof(int),1,InputFile_ptr) != 1 )
        {
        if ( feof(InputFile_ptr) != 0 )
          {
          fprintf(LogFile_ptr,"%s: end of input file %s has been reached\n",ModuleName,input->infile);
          PDU_in->internal_identifier = -1;
          PDU_in->size = 0;
          return 2;
          }
        else
          {
          fprintf(stderr,"!!error in module %s: could not read size of next RTP packet from file %s\n",ModuleName,input->infile);
          exit(-1);
          }
        }
      
      if ( fread(&packet_timestamp,sizeof(int),1,InputFile_ptr) != 1 )
        {
        fprintf(stderr,"!!error in module %s: could not read timestamp of next RTP packet from file %s\n",ModuleName,input->infile);
        exit(-1);
        }
      
      RTP_Buffer[RTP_buffer_write_position].size = packet_size;
      RTP_Buffer[RTP_buffer_write_position].timestamp = packet_timestamp;
      if ( (RTP_Buffer[RTP_buffer_write_position].data = (byte *)malloc(packet_size)) == NULL )
        {
        fprintf(stderr,"!!error in module %s: cannot allocate enough memory to store new RTP packet\n",ModuleName);
        exit(-1);
        }
      else if ( fread(RTP_Buffer[RTP_buffer_write_position].data,sizeof(byte),packet_size,InputFile_ptr) != packet_size )
        {
        fprintf(stderr,"!!error in module %s: could not read %d data bytes from file %s\n",ModuleName,packet_size,input->infile);
        exit(-1);
        }      
     }
    

    if( ats_flag || RTP_Buffer[RTP_buffer_write_position].timestamp <= current_time )
      {
#ifdef DEBUG
      printf("Sender:   %d %d %d %d\n", RTP_buffer_write_position, RTP_Buffer[RTP_buffer_write_position].size, RTP_Buffer[RTP_buffer_write_position].timestamp, current_time);
#endif
      // perform header compression on the new RTP packet
      compressed_packet_size = compress_Internet_header(&(RTP_Buffer[RTP_buffer_write_position]));    
      
      // generate PDU for calling module
      // timestamp is valid -> read new RTP packet data from file and store it in the buffer      
      compressed_packet_size = compress_Internet_header(&(RTP_Buffer[RTP_buffer_write_position]));
      
      // generate PDU for calling module
      PDU_in->internal_identifier = RTP_buffer_write_position;
      PDU_in->size = compressed_packet_size + agent_header_size;
      
      
      // adjust buffer length and position markers
      RTP_buffer_length++;
      RTP_buffer_write_position++;
      if ( RTP_buffer_write_position == PACKET_BUFFER_SIZE )
        {
        RTP_buffer_write_position = 0;  // wrap around circular RTP buffer
        }
      
      pdu_available = FALSE;
      
      return 0;
      }
    else
      {
      pdu_available = TRUE;
      PDU_in->internal_identifier = -1;
      PDU_in->size = 0;
      return 1;
      }
}



// remove RTP packet that corresponds to succesfully transmitted PDU from buffer, adjust the timestamp, and write
// it to file; update statistics; adjust buffer status
void PACKET_DATA_AGENT::put_PDU(int current_time,VIRTUAL_PDU *PDU_out)
  {
  int packet_size;
  
  // check, if next RTP packet in buffer corresponds to the PDU
  if ( PDU_out->internal_identifier != RTP_buffer_read_position )
    {
    fprintf(stderr,"!!error in module %s: buffer out of sync while reading %d %d\n",ModuleName,PDU_out->internal_identifier,RTP_buffer_read_position);
    // exit(-1);
    }
  else
    {
    packet_size = RTP_Buffer[RTP_buffer_read_position].size;
    }
  
  // adjust timestamp to the current time
  RTP_Buffer[RTP_buffer_read_position].timestamp = current_time;
  
  // write RTP packet to file
  if ( fwrite(&(RTP_Buffer[RTP_buffer_read_position].size),sizeof(int),1,OutputFile_ptr) != 1 )
    {
    fprintf(stderr,"!!error in module %s: could not write size of next RTP packet to file %s\n",ModuleName,input->outfile);
    exit(-1);
    }
  else
    {
    if ( fwrite(&(RTP_Buffer[RTP_buffer_read_position].timestamp),sizeof(int),1,OutputFile_ptr) != 1 )
      {
      fprintf(stderr,"!!error in module %s: could not write timestamp of next RTP packet to file %s\n",ModuleName,input->outfile);
      exit(-1);
      }
    else 
      if ( fwrite(RTP_Buffer[RTP_buffer_read_position].data,sizeof(byte),packet_size,OutputFile_ptr) != packet_size )
        {
        fprintf(stderr,"!!error in module %s: could not write %d data bytes to file %s\n",ModuleName,packet_size,input->outfile);
        exit(-1);
        }
    }
  // Statistics
  total_correct_bits_counter += packet_size*8;
  total_correct_payload_bits_counter += (PDU_out->size + RTP_HEADER_SIZE - agent_header_size - compressed_Internet_header_size)*8;
  
  
  //update statistics
  total_packets_counter++;  
  simulation_time = current_time;
  
  // adjust buffer content, length and position markers
  free(RTP_Buffer[RTP_buffer_read_position].data);
  RTP_Buffer[RTP_buffer_read_position].size = 0;
  RTP_Buffer[RTP_buffer_read_position].timestamp = 0;
  
  RTP_buffer_length--;
  RTP_buffer_read_position++;
  if ( RTP_buffer_read_position == PACKET_BUFFER_SIZE )
    {
    RTP_buffer_read_position = 0;  // wrap around circular RTP buffer
    }
  
  }



// remove RTP packet that corresponds to corrupted PDU from buffer; update statistics; adjust buffer status
void PACKET_DATA_AGENT::discard_PDU(int current_time, VIRTUAL_PDU *PDU_out)
  {
  
  // check, if next RTP packet in buffer corresponnds to the PDU
  if ( PDU_out->internal_identifier != RTP_buffer_read_position )
    {
    fprintf(stderr,"!!error in module %s: buffer out of sync while discarding\n",ModuleName);
    exit(-1);
    }
  
  
  //update statistics
  total_packets_counter++;
  total_lost_packets_counter++;
  
  simulation_time = current_time;
  
  
  // adjust buffer content, length and position markers
  free(RTP_Buffer[RTP_buffer_read_position].data);
  RTP_Buffer[RTP_buffer_read_position].size = 0;
  RTP_Buffer[RTP_buffer_read_position].timestamp = 0;
  
  RTP_buffer_length--;
  RTP_buffer_read_position++;
  if ( RTP_buffer_read_position == PACKET_BUFFER_SIZE )
    {
    RTP_buffer_read_position = 0;  // wrap around circular RTP buffer
    }
  
  }



// write transmission statistics at the end of the simulation
void PACKET_DATA_AGENT::write_statistics(FILE *fp)
  {
  //calculate statistics first
  packet_loss_rate = (double)total_lost_packets_counter/(double)total_packets_counter;
  effective_bitrate = (double)total_correct_bits_counter/(double)simulation_time;
  effective_net_bitrate = (double)total_correct_payload_bits_counter/(double)simulation_time;
  
#ifdef DEBUG  
  // write statistics to file
  fprintf(fp,"----------------------------------------------------------------------------\n");
  fprintf(fp,"%s: Statistics:\n\n",ModuleName);
  
  fprintf(fp,"total number of RTP packets transmitted:      %10d\n",total_packets_counter);
  fprintf(fp,"number of lost RTP packets:                   %10d\n",total_lost_packets_counter);
  fprintf(fp,"packet loss rate:                           %e\n\n",packet_loss_rate);
  
  fprintf(fp,"effective bitrate (including RTP header):      %f kbit/s\n",effective_bitrate);
  fprintf(fp,"effective net bitrate (excluding RTP header):  %f kbit/s\n",effective_net_bitrate);
  
  //fprintf(fp,"----------------------------------------------------------------------------\n");
#else
  fprintf(fp,"%8d|%8.4lg|%8.4lg|%6dms|\n", total_packets_counter, packet_loss_rate, effective_net_bitrate, simulation_time);  
#endif
  }



// simplified procedure for compressing RTP/UDP/IP header
// return value: total size of compressed packet in bytes
int PACKET_DATA_AGENT::compress_Internet_header(RTP_PACKET *Uncompressed_RTP_Buffer)
  {
  int header_size, payload_size;
  
  // up to now, only the standard RTP header is compressed (together with the UDP/IP header)
  // all extensions and CSRC fields are left untouched
  header_size = MIN_RTP_HEADER_SIZE;
  payload_size = Uncompressed_RTP_Buffer->size - header_size;
  
  if ( payload_size <= 0 )
    {
    fprintf(stderr,"!!error in module %s: RTP packet does not contain any data part %d\n",ModuleName,payload_size);
    }
  
  return (payload_size + compressed_Internet_header_size - RTP_HEADER_SIZE);
  }







src/radio_link_agent.cpp

#include "radio_link_agent.h"

// constructor
RADIO_LINK_AGENT::RADIO_LINK_AGENT()
  {
  int i;
  
  // basic initialization
  ModuleName = "RADIO-LINK-AGENT";
  
  for (i=0;i<PACKET_BUFFER_SIZE;i++)
    {
    SDU_Buffer[i].upper_layer_PDU.internal_identifier = 0;
    SDU_Buffer[i].upper_layer_PDU.size = 0;
    SDU_Buffer[i].unsent_bytes = 0;
    SDU_Buffer[i].received_bytes_counter = 0;
    SDU_Buffer[i].correct_bytes_counter = 0;
    }
  
  SDU_buffer_read_position = 0;
  SDU_buffer_write_position = 0;
  SDU_buffer_total_length = 0;
  SDU_buffer_unsent_length = 0;
  
  
  radio_bearer_bitrate = 0;
  frame_size = 0;
  agent_header_size = 0;
  ACK_mode = FALSE;
  fully_persistent_ARQ = FALSE;
  max_number_of_retransmissions = 0;
  last_frame_stuffing = TRUE;
  
  
  for (i=0;i<FRAME_BUFFER_SIZE;i++)
    {
    Retransmit_Buffer[i].retransmission_frame = NULL;
    Retransmit_Buffer[i].retransmission_time = 0;
    }
  
  Retransmit_buffer_read_position = 0;
  Retransmit_buffer_write_position = 0;
  Retransmit_buffer_length = 0;
  
  
  total_frames_counter = 0;
  total_retransmitted_frames_counter = 0;
  total_dummy_frames_counter = 0;
  total_correct_payload_bits_counter = 0;
  total_bitrate = 0.;
  total_net_bitrate = 0.;
  effective_net_bitrate = 0.;
  
  transmission_time_interval = 0;  
  simulation_time = 0;
  send_sequence_number = 0;
  receive_sequence_number = 0;
  }



// destructor
RADIO_LINK_AGENT::~RADIO_LINK_AGENT()
  {
  
  }



// initialize the radio link agent from the given parameter file
void RADIO_LINK_AGENT::initialize(PACKET_DATA_AGENT *upper_layer_agent)
  {  
  Upper_Layer_Agent = upper_layer_agent;
  
  // get the desired radio bearer bitrate
  radio_bearer_bitrate = par->bearer->bitrate;
  if ( (radio_bearer_bitrate <= 0) )
    {
    fprintf(stderr,"!!error in module %s: illegal value %d for the radio bearer bitrate\n",ModuleName,radio_bearer_bitrate);
    exit(-1);
    }
  else 
    {
    fprintf(LogFile_ptr,"%s: nominal radio bearer bitrate is %d kbit/s\n",ModuleName,radio_bearer_bitrate);
    }
  
  
  // get the desired frame size of the radio link agent from the parameter file
  frame_size = par->bearer->radio_frame_size;
  if ( (frame_size <= 0) || (frame_size%8 != 0) )
    {
    fprintf(stderr,"!!error in module %s: illegal value %d for the frame size\n",ModuleName,frame_size);
    exit(-1);
    }
  else 
    {
    fprintf(LogFile_ptr,"%s: using radio link frames of size %d bits\n",ModuleName,frame_size);
    }
  
  // compute the transmission time interval
  transmission_time_interval = par->bearer->tti;
  fprintf(LogFile_ptr,"%s: using a transmission time interval of %d ms\n",ModuleName,transmission_time_interval);
  
  
  // get the header size of the radio link agent from the parameter file
  switch(par->bearer->system)
    {
    case CDMA2000:
      agent_header_size = RLC_HEADER_CDMA2000;
      break;
    case UMTS:
      agent_header_size = RLC_HEADER_UMTS;
      break;
    case GPRS:
      agent_header_size = RLC_HEADER_GPRS;
      break;
    case EGPRS:
      agent_header_size = RLC_HEADER_EGPRS;
      break;  
    default:
      fprintf(stderr,"!!error in module %s: illegal value %d for system %d\n", ModuleName, par->bearer->system);
      exit(-1);
    }
  
  if ( agent_header_size < 0 )
    {
    fprintf(stderr,"!!error in module %s: illegal value %d for the radio link agent header size\n",ModuleName,agent_header_size);
    exit(-1);
    }
  else 
    {
    fprintf(LogFile_ptr,"%s: adding %d bytes of header info to each PDU\n",ModuleName,agent_header_size);
    }
  
  
  // check, if acknowledged mode is to be used
  if(par->bearer->mode)
    {
    ACK_mode = TRUE;
    if( par->bearer->system==GPRS || par->bearer->system==EGPRS )
      {
	fprintf(stderr,"!Sorry! Acknowledged Mode for System %d not yet supported\n", par->bearer->system);
        exit(-1);
      }

    fprintf(LogFile_ptr,"%s: operates in acknowledged mode\n",ModuleName);
    retransmission_delay_factor = par->bearer->retransmission_delay;
    fprintf(LogFile_ptr,"%s: Retransmission delay %dms\n",ModuleName, retransmission_delay_factor*transmission_time_interval);
    if(par->bearer->ackmode)
      {
      fully_persistent_ARQ = TRUE;
      fprintf(LogFile_ptr,"%s: ARQ is fully-persistent\n",ModuleName);
      }
    else
      {
      fully_persistent_ARQ = FALSE;
      max_number_of_retransmissions = par->bearer->maximum_retransmissions;
      // get the maximum number of retransmissions per frame from the parameter file
      if ( max_number_of_retransmissions <= 0 )
        {
        fprintf(stderr,"!!error in module %s: illegal value %d for the maximum number of retransmissions\n",ModuleName, max_number_of_retransmissions);
        exit(-1);
        }
      else
        {
        fprintf(LogFile_ptr,"%s: maximum number of retransmissions per frame is limited to %d\n",ModuleName,max_number_of_retransmissions);
        }
      }
    
    }
  else
    {
    ACK_mode = FALSE;
    fprintf(LogFile_ptr,"%s: operates in unacknowledged mode\n",ModuleName);
    }
  }



// generate a radio link frame either from retransmission buffer, SDU buffer, or new data from the upper layer agent
// if no data to be sent is available, generate a dummy frame and issue a streaming timer mismatch warning
// return value: TRUE, if there is still some unsent data somewhere in the transmitting side
//               FALSE, if all data has been sent and there are no pending retransmissions anymore
Boolean RADIO_LINK_AGENT::send_frame(RADIO_LINK_FRAME **outgoing_frame)
  {
  int upper_layer_status;
  int mapped_data_size;
  
  // in acknowledged mode, retransmission buffer has highest priority
  if ( ACK_mode && (Retransmit_buffer_length > 0) )
    {
    // retransmission buffer contains frames to be retransmitted 
    if ( simulation_time >= Retransmit_Buffer[Retransmit_buffer_read_position].retransmission_time )
      {
      // the first frame to be retransmitted is already due
      (*outgoing_frame) = Retransmit_Buffer[Retransmit_buffer_read_position].retransmission_frame;
      if ( (*outgoing_frame)->frame_type != RETRANSMIT )
        {
        fprintf(stderr,"!!error in module %s: illegal frame of type %d found in retransmission queue\n",ModuleName,(*outgoing_frame)->frame_type);
        exit(-1);
        }
      Retransmit_Buffer[Retransmit_buffer_read_position].retransmission_frame = NULL;
      Retransmit_Buffer[Retransmit_buffer_read_position].retransmission_time = 0;
      Retransmit_buffer_length--;
      Retransmit_buffer_read_position++;
      if ( Retransmit_buffer_read_position == FRAME_BUFFER_SIZE )
        {
        Retransmit_buffer_read_position = 0;   // wrap around circular retransmission buffer
        }
      (*outgoing_frame)->number_of_retransmissions++;
      total_frames_counter++;
      total_retransmitted_frames_counter++;
      //printf("retransmission done at time %d\n",simulation_time);
      simulation_time += transmission_time_interval;
      return TRUE;
      }
    }
  
  // check, if the SDU buffer is empty and new SDUs have to be requested from the upper layer agent
  if ( SDU_buffer_unsent_length == 0 )
    {
    // SDU buffer is empty
    
    //check for buffer overflow first
    if ( SDU_buffer_total_length == PACKET_BUFFER_SIZE )
      {
      fprintf(stderr,"!!error in module %s: SDU buffer overflow\n",ModuleName);
      exit(-1);
      }
    
    upper_layer_status = Upper_Layer_Agent->get_PDU(simulation_time,&(SDU_Buffer[SDU_buffer_write_position].upper_layer_PDU));
    switch (upper_layer_status)
      {
      case 0:
        // succeeded
        SDU_Buffer[SDU_buffer_write_position].unsent_bytes = SDU_Buffer[SDU_buffer_write_position].upper_layer_PDU.size;
        SDU_Buffer[SDU_buffer_write_position].received_bytes_counter = 0;
        SDU_Buffer[SDU_buffer_write_position].correct_bytes_counter = 0;
        SDU_buffer_write_position++;
        if ( SDU_buffer_write_position == PACKET_BUFFER_SIZE )
          {
          SDU_buffer_write_position = 0;   // wrap around circular SDU buffer
          }
        SDU_buffer_total_length++;
        SDU_buffer_unsent_length++;
        break;
        
      case 1:
        // failed: input file still contains data, but the timestamp is younger than the current simulation time
        // send dummy frames to simulate idle periods
        if ( ((*outgoing_frame) = (RADIO_LINK_FRAME *) malloc(sizeof(RADIO_LINK_FRAME))) == NULL )
          {
          fprintf(stderr,"!!error in module %s: cannot allocate enough memory for new radio link frame\n",ModuleName);
          exit(-1);
          }
        (*outgoing_frame)->sequence_number = send_sequence_number;
        send_sequence_number++;
        (*outgoing_frame)->size = frame_size;
        (*outgoing_frame)->frame_type = DUMMY;
	last_frame_stuffing = TRUE;
        (*outgoing_frame)->number_of_contained_SDUs = 0;
        (*outgoing_frame)->number_of_retransmissions = 0;
        total_frames_counter++;
        total_dummy_frames_counter++;
        simulation_time += transmission_time_interval;
        return TRUE;
        
      case 2:
        // failed: end of input file already reached
        if ( Retransmit_buffer_length > 0 )
          {
          // no new data available, but retransmission buffer still contains unsent frames - send dummy frames
          fprintf(LogFile_ptr,"%s: no more data available for transmission - but retransmission buffer still full\n",ModuleName);
          if ( ((*outgoing_frame) = (RADIO_LINK_FRAME *) malloc(sizeof(RADIO_LINK_FRAME))) == NULL )
            {
            fprintf(stderr,"!!error in module %s: cannot allocate enough memory for new radio link frame\n",ModuleName);
            exit(-1);
            }
          (*outgoing_frame)->sequence_number = send_sequence_number;
          send_sequence_number++;
          (*outgoing_frame)->size = frame_size;
          (*outgoing_frame)->frame_type = DUMMY;
	  last_frame_stuffing = TRUE;
          (*outgoing_frame)->number_of_contained_SDUs = 0;
          (*outgoing_frame)->number_of_retransmissions = 0;
          total_frames_counter++;
          total_dummy_frames_counter++;
          simulation_time += transmission_time_interval;
          return TRUE;
          }
        else
          {
          fprintf(LogFile_ptr,"%s: no more data available for transmission - termination initiated\n",ModuleName);
          return FALSE;
          }
      default:
        // unexpected return value
        fprintf(stderr,"!!error in module %s: unexpected return value for <get_SDU>\n",ModuleName);
        exit(-1);
      }
    }
  
  
  // enough data available in SDU buffer 
  // prepare outgoing radio link frame for transmission
  if ( ((*outgoing_frame) = (RADIO_LINK_FRAME *) malloc(sizeof(RADIO_LINK_FRAME))) == NULL )
    {
    fprintf(stderr,"!!error in module %s: cannot allocate enough memory for new radio link frame\n",ModuleName);
    exit(-1);
    }
  
  (*outgoing_frame)->sequence_number = send_sequence_number;
  send_sequence_number++;

  // Do we want to randomize the start of the SDU in the PDU in case that the previous frame did stuffing?
  if( input->ts_mode_sender==2 && last_frame_stuffing == TRUE )
#ifdef WIN32
    (*outgoing_frame)->size = rand()%(frame_size/8);   
#else
  (*outgoing_frame)->size = random()%(frame_size/8);
#endif
  else
    (*outgoing_frame)->size = 0;
  
  (*outgoing_frame)->size*=8;
#ifdef DEBUG
  printf("Alignment: %d %d\n", (*outgoing_frame)->size, last_frame_stuffing );
#endif

  (*outgoing_frame)->frame_type = DATA;
  last_frame_stuffing = FALSE;
  (*outgoing_frame)->number_of_contained_SDUs = 0;
  (*outgoing_frame)->number_of_retransmissions = 0;
  
  // (virtually) add header fields to outgoing radio link frame
  (*outgoing_frame)->size += agent_header_size*8;
  // (virtually) map data from SDU buffer to the outgoing radio link frame, until the latter is full or the SDU buffer is empty
  while ( (*outgoing_frame)->size < frame_size )
    {
    if ( SDU_Buffer[SDU_buffer_read_position].unsent_bytes <= (frame_size - (*outgoing_frame)->size)/8 )
      {
      // unsent bytes in current SDU do no exceed the space still left in the radio link frame
      (*outgoing_frame)->size += SDU_Buffer[SDU_buffer_read_position].unsent_bytes*8;
      (*outgoing_frame)->contained_SDU[(*outgoing_frame)->number_of_contained_SDUs].identifier = SDU_buffer_read_position;
      (*outgoing_frame)->contained_SDU[(*outgoing_frame)->number_of_contained_SDUs].size = SDU_Buffer[SDU_buffer_read_position].unsent_bytes;
      (*outgoing_frame)->number_of_contained_SDUs++;
      SDU_Buffer[SDU_buffer_read_position].unsent_bytes = 0;
      SDU_buffer_unsent_length--;
      SDU_buffer_read_position++;
      if ( SDU_buffer_read_position == PACKET_BUFFER_SIZE )
        {
        SDU_buffer_read_position = 0;   // wrap around circular SDU buffer
        }
      }
    else
      {
      // unsent bytes in current SDU exceed the space still left in the radio link frame - take only a fraction of them
      mapped_data_size = (frame_size - (*outgoing_frame)->size)/8;
      (*outgoing_frame)->size = frame_size;
      (*outgoing_frame)->contained_SDU[(*outgoing_frame)->number_of_contained_SDUs].identifier = SDU_buffer_read_position;
      (*outgoing_frame)->contained_SDU[(*outgoing_frame)->number_of_contained_SDUs].size = mapped_data_size;
      (*outgoing_frame)->number_of_contained_SDUs++;
      SDU_Buffer[SDU_buffer_read_position].unsent_bytes -= mapped_data_size;
      }
    // check, if SDU buffer still contains unsent data parts and the radio link frame is not completely filled yet
    if ( (SDU_buffer_unsent_length == 0) && ((*outgoing_frame)->size < frame_size) )
      {
      // we need to request a new SDU from the upper layer agent
      
      //check for buffer overflow first
      if ( SDU_buffer_total_length == PACKET_BUFFER_SIZE )
        {
        fprintf(stderr,"!!error in module %s: SDU buffer overflow\n",ModuleName);
        exit(-1);
        }
      
      upper_layer_status = Upper_Layer_Agent->get_PDU(simulation_time,&(SDU_Buffer[SDU_buffer_write_position].upper_layer_PDU));
      switch (upper_layer_status)
        {
        case 0:
          // succeeded
          SDU_Buffer[SDU_buffer_write_position].unsent_bytes = SDU_Buffer[SDU_buffer_write_position].upper_layer_PDU.size;
          SDU_Buffer[SDU_buffer_write_position].received_bytes_counter = 0;
          SDU_Buffer[SDU_buffer_write_position].correct_bytes_counter = 0;
          SDU_buffer_write_position++;
          if ( SDU_buffer_write_position == PACKET_BUFFER_SIZE )
            {
            SDU_buffer_write_position = 0;   // wrap around circular SDU buffer
            }
          SDU_buffer_total_length++;
          SDU_buffer_unsent_length++;
          break;
          
        case 1:
          // failed: input file still contains data, but the timestamp is younger than the current simulation time
          // perform (virtual) stuffing for the rest of the radio link frame
          fprintf(LogFile_ptr,"%s: not enough data available for transmission at the moment - perform (virtual) stuffing on frame at time %d\n",ModuleName,simulation_time);
          (*outgoing_frame)->size = frame_size;
	  last_frame_stuffing = TRUE;
          break;
          
        case 2:
          // failed: end of input file already reached
          // also perform (virtual) stuffing for the rest of the radio link frame
          fprintf(LogFile_ptr,"%s: no more data available for transmission - perform (virtual) stuffing on frame at time %d\n",ModuleName,simulation_time);
          (*outgoing_frame)->size = frame_size;
	  last_frame_stuffing = TRUE;
          break;
        default:
          // unexpected return value
          fprintf(stderr,"!!error in module %s: unexpected return value for <get_SDU>\n",ModuleName);
          exit(-1);
        } 
      }
    }
  
  // finish generation of new radio link frame
  total_frames_counter++;
  simulation_time += transmission_time_interval;
  return TRUE;
}



// invoke reception procedure for radio link frames depending on radio link operation mode
void RADIO_LINK_AGENT::receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator)
  {
  if ( ACK_mode )
    {
    // acknowledged mode
    AM_receive_frame(incoming_frame, frame_error_indicator);
    }
  else
    {
    //unacknowledged mode
    UM_receive_frame(incoming_frame, frame_error_indicator);
    }
  }



void RADIO_LINK_AGENT::write_statistics(FILE *fp)
  {
  //calculate statistics first
  total_bitrate = (double)(total_frames_counter*frame_size)/(double)simulation_time;
  total_net_bitrate = (double)(total_frames_counter*(frame_size-agent_header_size*8))/(double)simulation_time;
  effective_net_bitrate = (double)total_correct_payload_bits_counter/(double)simulation_time;
  
#ifdef DEBUG  
  // write statistics to file
  fprintf(fp,"----------------------------------------------------------------------------\n");
  fprintf(fp,"%s: Statistics:\n\n",ModuleName);
  
  fprintf(fp,"total number of radio link frames transmitted:  %10d\n",total_frames_counter);
  fprintf(fp,"number of retransmissions:                      %10d\n",total_retransmitted_frames_counter);
  fprintf(fp,"number of dummy frames:                         %10d\n\n",total_dummy_frames_counter);
  
  fprintf(fp,"total bitrate (including radio link header):                %f kbit/s\n",total_bitrate);
  fprintf(fp,"total net bitrate (excluding radio link header):            %f kbit/s\n",total_net_bitrate);
  fprintf(fp,"effective net bitrate (including only correct data bits):   %f kbit/s\n",effective_net_bitrate);
  
  fprintf(fp,"----------------------------------------------------------------------------\n");
  fprintf(fp,"total simulation time: %d ms\n",simulation_time);
  fprintf(fp,"----------------------------------------------------------------------------\n");
#else
  fprintf(fp,"%8.4lg|%8d|%8d|%8d|", effective_net_bitrate, total_frames_counter, total_retransmitted_frames_counter, total_dummy_frames_counter);  
#endif
  }



// reception procedure for acknowledged mode operation 
void RADIO_LINK_AGENT::AM_receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator)
  {
  int i, identifier;
  
  // determine the type of the received frame
  switch ( incoming_frame->frame_type )
    {
    case DATA:
      // check for frame sequence reordering
      if ( incoming_frame->sequence_number != receive_sequence_number )
        {
        fprintf(stderr,"!!error in module %s: frame reordering in acknowledged mode has occurred\n",ModuleName);
        }
      receive_sequence_number++;
      // check frame error status
      if ( frame_error_indicator )
        {
        // retransmission is allowed at least once per frame in acknowledged mode
        incoming_frame->frame_type = RETRANSMIT;
        incoming_frame->number_of_retransmissions = 0;
        // check for retransmission buffer overflow
        if ( Retransmit_buffer_length == FRAME_BUFFER_SIZE )
          {
          fprintf(stderr,"!!error in module %s: Retransmit buffer overflow\n",ModuleName);
          exit(-1);
          }
        else
          {
          Retransmit_Buffer[Retransmit_buffer_write_position].retransmission_frame = incoming_frame;
          Retransmit_Buffer[Retransmit_buffer_write_position].retransmission_time = simulation_time + retransmission_delay_factor*transmission_time_interval;
          Retransmit_buffer_length++;
          Retransmit_buffer_write_position++;
          if ( Retransmit_buffer_write_position == FRAME_BUFFER_SIZE )
            {
            Retransmit_buffer_write_position = 0;   // wrap around circular retransmission_buffer
            }
          //printf("retransmission scheduled at time %d \n",simulation_time);
          }
        return;
        }
      else
        {
        // frame has been received correctly
        // determine the SDUs for which segments are contained in the frame, update the receive counters
        // if all segments of an SDU have been received now, either:
        //     - forward it to the upper layer agent in case of no erroneous segments
        //     - envoke the discard procedure of the upper layer agent, if there is at least one erroneous segment
        for (i=0;i<incoming_frame->number_of_contained_SDUs;i++)
          {
          identifier = incoming_frame->contained_SDU[i].identifier;
          SDU_Buffer[identifier].received_bytes_counter += incoming_frame->contained_SDU[i].size;
          SDU_Buffer[identifier].correct_bytes_counter += incoming_frame->contained_SDU[i].size;
          total_correct_payload_bits_counter += incoming_frame->contained_SDU[i].size*8;
          if ( SDU_Buffer[identifier].received_bytes_counter == SDU_Buffer[identifier].upper_layer_PDU.size )
            {
            // all segments of an SDU have already arrived
            if ( SDU_Buffer[identifier].correct_bytes_counter == SDU_Buffer[identifier].upper_layer_PDU.size )
              {
              // all segments of an SDU are error-free
              //   	              printf("sequence number of current frame: %d\n",incoming_frame->sequence_number);
              //  	              printf("identifier %d\n",identifier);
              //  	              printf("last segment size: %d\n",incoming_frame->contained_SDU[i].size);
              Upper_Layer_Agent->put_PDU(simulation_time,&(SDU_Buffer[identifier].upper_layer_PDU));
              }
            else
              {
              // at least one segment is corrupt
              Upper_Layer_Agent->discard_PDU(simulation_time,&(SDU_Buffer[identifier].upper_layer_PDU));
              }
            // update SDU buffer
            SDU_Buffer[identifier].upper_layer_PDU.internal_identifier = 0;
            SDU_Buffer[identifier].upper_layer_PDU.size = 0;
            SDU_Buffer[identifier].unsent_bytes = 0;
            SDU_Buffer[identifier].received_bytes_counter = 0;
            SDU_Buffer[identifier].correct_bytes_counter = 0;
            SDU_buffer_total_length--;
            }
          }
        free(incoming_frame);
        }
      break;
      
    case RETRANSMIT:
      // check frame error status
      if ( frame_error_indicator )
        {
        // determine, if further retransmissions of this frame are still allowed
        if ( fully_persistent_ARQ || (incoming_frame->number_of_retransmissions < max_number_of_retransmissions) )
          {
          // check for retransmission buffer overflow
          if ( Retransmit_buffer_length == FRAME_BUFFER_SIZE )
            {
            fprintf(stderr,"!!error in module %s: Retransmit buffer overflow\n",ModuleName);
            exit(-1);
            }
          else
            {
            Retransmit_Buffer[Retransmit_buffer_write_position].retransmission_frame = incoming_frame;
            Retransmit_Buffer[Retransmit_buffer_write_position].retransmission_time = simulation_time + retransmission_delay_factor*transmission_time_interval;
            Retransmit_buffer_length++;
            Retransmit_buffer_write_position++;
            if ( Retransmit_buffer_write_position == FRAME_BUFFER_SIZE )
              {
              Retransmit_buffer_write_position = 0;   // wrap around circular retransmission_buffer
              }
            //printf("retransmission rescheduled at time %d\n",simulation_time);
            }
          return;
          }
        else
          {
          // frame cannot be retransmitted anymore
          // determine the SDUs for which segments are contained in the frame, update the receive counter
          // if all segments of an SDU have been received now, envoke the discard procedure of the upper layer agent,
          // since there is at least one erroneous segment
          for (i=0;i<incoming_frame->number_of_contained_SDUs;i++)
            {
            identifier = incoming_frame->contained_SDU[i].identifier;
            SDU_Buffer[identifier].received_bytes_counter += incoming_frame->contained_SDU[i].size;
            if ( SDU_Buffer[identifier].received_bytes_counter == SDU_Buffer[identifier].upper_layer_PDU.size )
              {
              // at least one segment is corrupt
              Upper_Layer_Agent->discard_PDU(simulation_time,&(SDU_Buffer[identifier].upper_layer_PDU));
              // update SDU buffer
              SDU_Buffer[identifier].upper_layer_PDU.internal_identifier = 0;
              SDU_Buffer[identifier].upper_layer_PDU.size = 0;
              SDU_Buffer[identifier].unsent_bytes = 0;
              SDU_Buffer[identifier].received_bytes_counter = 0;
              SDU_Buffer[identifier].correct_bytes_counter = 0;
              SDU_buffer_total_length--;
              }
            }
          free(incoming_frame);
          } 
        }
      else
        {
        // frame has been received correctly
        // determine the SDUs for which segments are contained in the frame, update the receive counters
        // if all segments of an SDU have been received now, either:
        //     - forward it to the upper layer agent in case of no erroneous segments
        //     - envoke the discard procedure of the upper layer agent, if there is at least one erroneous segment
        for (i=0;i<incoming_frame->number_of_contained_SDUs;i++)
          {
          identifier = incoming_frame->contained_SDU[i].identifier;
          SDU_Buffer[identifier].received_bytes_counter += incoming_frame->contained_SDU[i].size;
          SDU_Buffer[identifier].correct_bytes_counter += incoming_frame->contained_SDU[i].size;
          total_correct_payload_bits_counter += incoming_frame->contained_SDU[i].size*8;
          if ( SDU_Buffer[identifier].received_bytes_counter == SDU_Buffer[identifier].upper_layer_PDU.size )
            {
            // all segments of an SDU have already arrived
            if ( SDU_Buffer[identifier].correct_bytes_counter == SDU_Buffer[identifier].upper_layer_PDU.size )
              {
              // all segments of an SDU are error-free
              //   	              printf("sequence number of current frame: %d\n",incoming_frame->sequence_number);
              //  	              printf("identifier %d\n",identifier);
              //  	              printf("last segment size: %d\n",incoming_frame->contained_SDU[i].size);
              Upper_Layer_Agent->put_PDU(simulation_time,&(SDU_Buffer[identifier].upper_layer_PDU));
              }
            else
              {
              // at least one segment is corrupt
              Upper_Layer_Agent->discard_PDU(simulation_time,&(SDU_Buffer[identifier].upper_layer_PDU));
              }
            // update SDU buffer
            SDU_Buffer[identifier].upper_layer_PDU.internal_identifier = 0;
            SDU_Buffer[identifier].upper_layer_PDU.size = 0;
            SDU_Buffer[identifier].unsent_bytes = 0;
            SDU_Buffer[identifier].received_bytes_counter = 0;
            SDU_Buffer[identifier].correct_bytes_counter = 0;
            SDU_buffer_total_length--;
            }
          }
        free(incoming_frame);
        }
      break;
      
    case DUMMY:
      // check for frame sequence reordering
      if ( incoming_frame->sequence_number != receive_sequence_number )
        {
        fprintf(stderr,"!!error in module %s: frame reordering in acknowledged mode has occurred\n",ModuleName);
        }
      receive_sequence_number++;
      // discard all dummy frames
      free(incoming_frame);
      return;
      
    default:
      fprintf(stderr,"!!error in module %s: illegal frame type %d received\n",ModuleName,incoming_frame->frame_type);
      exit(-1);
    }
}



// reception procedure for unacknowledged mode operation 
void RADIO_LINK_AGENT::UM_receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator)
  {
  int i, identifier;
  
  // check for frame sequence reordering
  if ( incoming_frame->sequence_number != receive_sequence_number )
    {
    fprintf(stderr,"!!error in module %s: frame reordering in unacknowledged mode has occurred\n",ModuleName);
    }
  
  // determine the type of the received frame
  switch ( incoming_frame->frame_type )
    {
    case DATA:
      receive_sequence_number++;
      break;
    case DUMMY:
      receive_sequence_number++;
      // discard all dummy frames
      free(incoming_frame);
      return;
    default:
      fprintf(stderr,"!!error in module %s: illegal frame type %d received\n",ModuleName,incoming_frame->frame_type);
      exit(-1);
    }
  
  // determine the SDUs for which segments are contained in the frame, update the receive counters depending on the
  // error indication for the radio link frame;
  // if all segments of an SDU have been received now, either:
  //     - forward it to the upper layer agent in case of no erroneous segments
  //     - envoke the discard procedure of the upper layer agent, if there is at least one erroneous segment
  for (i=0;i<incoming_frame->number_of_contained_SDUs;i++)
    {
    identifier = incoming_frame->contained_SDU[i].identifier;
    SDU_Buffer[identifier].received_bytes_counter += incoming_frame->contained_SDU[i].size;
    if ( !frame_error_indicator )
      {
      SDU_Buffer[identifier].correct_bytes_counter += incoming_frame->contained_SDU[i].size;
      total_correct_payload_bits_counter += incoming_frame->contained_SDU[i].size*8;
      }
    if ( SDU_Buffer[identifier].received_bytes_counter == SDU_Buffer[identifier].upper_layer_PDU.size )
      {
      // all segments of an SDU have already arrived
      if ( SDU_Buffer[identifier].correct_bytes_counter == SDU_Buffer[identifier].upper_layer_PDU.size )
        {
        // all segments of an SDU are error-free
        // 	      printf("sequence number of current frame: %d\n",incoming_frame->sequence_number);
        //	      printf("identifier %d\n",identifier);
        // 	      printf("last segment size: %d\n",incoming_frame->contained_SDU[i].size);
        Upper_Layer_Agent->put_PDU(simulation_time,&(SDU_Buffer[identifier].upper_layer_PDU));
        }
      else
        {
        // at least one segment is corrupt
        Upper_Layer_Agent->discard_PDU(simulation_time,&(SDU_Buffer[identifier].upper_layer_PDU));
        }
      // update SDU buffer
      SDU_Buffer[identifier].upper_layer_PDU.internal_identifier = 0;
      SDU_Buffer[identifier].upper_layer_PDU.size = 0;
      SDU_Buffer[identifier].unsent_bytes = 0;
      SDU_Buffer[identifier].received_bytes_counter = 0;
      SDU_Buffer[identifier].correct_bytes_counter = 0;
      SDU_buffer_total_length--;
      }
    }
  
  free(incoming_frame);
  }









src/sa4sim.cpp

#include <stdlib.h>
#include <stdio.h>
#include <string.h>
#include <time.h>
#include <sys/timeb.h>

#if defined WIN32
#include <conio.h>
#endif

#include "global.h"
#include "loss_generator.h"
#include "packet_data_agent.h"
#include "radio_link_agent.h"

InputParameters inputs, *input = &inputs;
Parameters pars, *par = &pars;

FILE *LogFile_ptr; 
FILE *StatisticsFile_ptr;


int main(int ac, char *av[])
  {
  LOSS_GENERATOR Loss_Generator;
  PACKET_DATA_AGENT Packet_Data_Agent;
  RADIO_LINK_AGENT Radio_Link_Agent;
  RADIO_LINK_FRAME *transmit_frame;
  Boolean frame_error_indicator;
  
  // Configure - get input parameters
  Configure(ac, av);
  
  // open log file and statistics file
  if ( (LogFile_ptr=fopen(input->logfile,"w")) == NULL )
    {
    fprintf(stderr,"!! couldn't open file %s \n", input->logfile);
    exit(-1);
    }
  
  // Setup Parameters
  SetupParameters();
  
  // initialize loss generator
  Loss_Generator.initialize();
  
  // initialize packet data agent
  Packet_Data_Agent.initialize();
  
  // initialize radio link agent
  Radio_Link_Agent.initialize(&Packet_Data_Agent);
  
  // transmission loop
  while ( Radio_Link_Agent.send_frame(&transmit_frame) )
    {
    frame_error_indicator = Loss_Generator.bit_error_indication(transmit_frame->size);
    Radio_Link_Agent.receive_frame(transmit_frame,frame_error_indicator);
    }
  
 
  // Write Statistics to statistic file
  if (!fopen(input->statfile,"r"))
    {
    if ( (StatisticsFile_ptr=fopen(input->statfile,"a")) == NULL)
      {
      fprintf(stderr,"!! couldn't open file %s \n", input->statfile);
      exit(-1);
      }
    else                                              // Create header to new file
      {
      fprintf(StatisticsFile_ptr," ------------------------------------------------------------------------------------------------------------------------\n");
      fprintf(StatisticsFile_ptr,"|  Statistics for mobile transmission. This file is made first time, later runs are appended                            |\n");
      fprintf(StatisticsFile_ptr," ------------------------------------------------------------------------------------------------------------------------ \n");
      fprintf(StatisticsFile_ptr,"| Date  | Time  |Bear|StartPos| Bit-ER | RLC-ER |BRateeff|TotFrame|TotRetra|TotDummy|TotPacks|PLossRat|BitrateA|TranTime|\n");
      fprintf(StatisticsFile_ptr," ------------------------------------------------------------------------------------------------------------------------\n");
      }
    }
  else
    StatisticsFile_ptr=fopen(input->statfile,"a");
  
  report(StatisticsFile_ptr);
  
  // accumulate statistics
  Loss_Generator.write_statistics(StatisticsFile_ptr);
  Radio_Link_Agent.write_statistics(StatisticsFile_ptr);
  Packet_Data_Agent.write_statistics(StatisticsFile_ptr);
  
  // Write Statistics to stdout
  fprintf(stdout," ------------------------------------------------------------------------------------------------------------------------ \n");
  fprintf(stdout,"| Date  | Time  |Bear|StartPos| Bit-ER | RLC-ER |BRateeff|TotFrame|TotRetra|TotDummy|TotPacks|PLossRat|BitrateA|TranTime|\n");
  fprintf(stdout," ------------------------------------------------------------------------------------------------------------------------\n");
  
  report(stdout);
  Loss_Generator.write_statistics(stdout);
  Radio_Link_Agent.write_statistics(stdout);
  Packet_Data_Agent.write_statistics(stdout);
   
  fclose(LogFile_ptr);
  fclose(StatisticsFile_ptr);
  
  return 0;
  }


void SetupParameters()
  { 
  char line[1000];
  char file[1000];
  char type[100];
  int number;
  Boolean found=FALSE;
  FILE *fp;
  
  // Test CaseParameters
  par->bearer = (BearerParameters *)calloc(1, sizeof(BearerParameters));
  
  if ( (fp=fopen(BEARERFILE,"r")) == NULL )
    {
    fprintf(stderr,"!! couldn't open file %s \n", BEARERFILE);
    exit(-1);
    }
  
  
  while(fgets(line, 1000, fp)!=NULL)
    {
    if(line[0]!='#')
      {
      sscanf(line, "%d", &number);
      if(number==input->bearer)
        {
        found=TRUE;
        break;
        }
      }
    }
  
  fclose(fp);
  
  if(!found)
    {
    fprintf(stderr,"!! couldn't find bearer %d in file %s \n", input->bearer, BEARERFILE);
    exit(-1);
    }
  
  // get bearer parameters
  sscanf(line, "%*d %s %s %d %d %d %d %d", 
    file,
    type,
    &par->bearer->tti,
    &par->bearer->radio_frame_size,
    &par->bearer->mode,
    &par->bearer->system,
    &par->bearer->com_ipudprtp_header_size);
  
  sprintf(par->bearer->errorpatternfile, "%s/%s", ERRORPATTERNDIR, file);
  if(strcmp(type, "binary")==0)
    par->bearer->format=BIT;
  else
    if(strcmp(type, "ascii")==0)
      par->bearer->format=PACKET;
    else
      {
	fprintf(stderr,"!!error in file %s for bearer %d: illegal file type %s\n", BEARERFILE, input->bearer, type);
	exit(-1);
      }

  /* Radio frame size in bits */
  par->bearer->radio_frame_size *= 8;

  /* Radio bit rate */
  par->bearer->bitrate=8*(double)par->bearer->radio_frame_size/(double)par->bearer->tti;
  
  if(par->bearer->mode)
    {
    sscanf(line, "%*d %*s %*s %*d %*d %*d %*d %*d %d %d", 
      &par->bearer->retransmission_delay,
      &par->bearer->ackmode);
    if(!par->bearer->ackmode)
      sscanf(line, "%*d %*s %*s %*d %*d %*d %*d %*d %*d %*d %d", 
      &par->bearer->maximum_retransmissions);
    }
  
  
  }

void report(FILE *fp)
  {
#ifndef WIN32
  time_t  now;
  struct tm *l_time;
  char string[300];
#else
  char timebuf[128];
#endif
  
  
  
#ifdef WIN32
  _strdate( timebuf );
  fprintf(fp,"| %1.5s |",timebuf );
  
  _strtime( timebuf);
  fprintf(fp," % 1.5s |",timebuf);
#else
  now = time ((time_t *) NULL); // Get the system time and put it into 'now' as 'calender time'
  time (&now);
  l_time = localtime (&now);
  strftime (string, sizeof string, "%d-%b-%Y", l_time);
  fprintf(fp,"| %1.5s |",string );
  
  strftime (string, sizeof string, "%H:%M:%S", l_time);
  fprintf(fp," %1.5s |",string );
#endif
  
  }







inc/configfile.h

#ifndef _CONFIGFILE_H_
#define _CONFIGFILE_H_

#define DEFAULTCONFIGFILENAME "sa4sim.cfg"

typedef struct {
  char *TokenName;
  void *Place;
  int Type;
} Mapping;


InputParameters configinput;


#ifdef INCLUDED_BY_CONFIGFILE_C

Mapping Map[] = {
    {"LogFile",                &configinput.logfile,                 1},
    {"StatFile",               &configinput.statfile,                1},
    {"RandomSeed",             &configinput.seed,                    0},
    {"RTPinfile",              &configinput.infile,                  1},
    {"RTPoutfile",             &configinput.outfile,                 1},
    {"Bearer",                 &configinput.bearer,                  0},
    {"ErrorFreeRTP",           &configinput.errorfree_rtp,           0},
    {"TSModeSender",           &configinput.ts_mode_sender,          0},
    {"TSModeSender",           &configinput.ts_mode_sender,          0},
    {NULL,                     NULL,                                -1}
};

#endif

#ifndef INCLUDED_BY_CONFIGFILE_C
extern Mapping Map[];
#endif


#endif








inc/global.h

#ifndef GLOBAL_H
#define GLOBAL_H

#include <stdio.h>
#include <stdlib.h>
#include <stdarg.h>
#include <math.h>
#include <string.h>  
#include <malloc.h>

typedef unsigned char byte;

typedef enum Boolean   {FALSE, TRUE} Boolean;
typedef enum ErrFormat {PACKET, BIT} ErrFormat;
typedef enum System    {CDMA2000, UMTS, GPRS, EGPRS} System;


#define MAX_BUFFER_SIZE 30000
#define ERRORPATTERNDIR "./ErrorPatterns"
#define BEARERFILE "bearers.txt"

// RLC defines
// size of the radio link segemnt buffers
#define FRAME_BUFFER_SIZE 200


// RLC header size
#define RLC_HEADER_UMTS     4
#define RLC_HEADER_CDMA2000 2
#define RLC_HEADER_GPRS     0 // Headers are included in payload length definition
#define RLC_HEADER_EGPRS    0 // Headers are included in payload length definition



// Packet data agent defines

// Packet Agent Header Size
#define PA_HEADER_SIZE_UMTS       2
#define PA_HEADER_SIZE_GPRS       10 // Length indicator on RLC (1 byte) + UI-Format (2 bytes) and FCS (3 bytes) on LLC + SN-UNITDATA PDU on SNDCP (4 bytes)
#define PA_HEADER_SIZE_EGPRS      10 // Length indicator on RLC (1 byte) + UI-Format (2 bytes) and FCS (3 bytes) on LLC + SN-UNITDATA PDU on SNDCP (4 bytes)
#define PA_HEADER_SIZE_CDMA2000   7  // assumes PDU size of about 200 bytes

// size of the data buffer
#define PACKET_BUFFER_SIZE 20
// minimal RTP header size (in bytes)
#define MIN_RTP_HEADER_SIZE 0
#define RTP_HEADER_SIZE 12


extern FILE *LogFile_ptr; 
extern FILE *StatisticsFile_ptr;

typedef struct
  {
    char logfile[1000];
    char statfile[1000];
    int seed;
    char infile[1000];
    char outfile[1000];
    int bearer;
    int errorfree_rtp;
    int ts_mode_sender;
  } InputParameters;


typedef struct
  {
    char errorpatternfile[1000];
    ErrFormat format;
    int tti; 
    double bitrate;
    int radio_frame_size;
    int mode;
    System system;
    int com_ipudprtp_header_size;
    int retransmission_delay;
    int ackmode;
    int maximum_retransmissions;
    /* Are there any other parameters to be added ? */
    /* This should be bearer parameters including 
       PHY/MAC/RLC/PDCP, e.g. GPRS, EGPRS, etc.     */
  } BearerParameters;


typedef struct
  {
    BearerParameters *bearer;
    /* Are there any other parameters to be added ?*/
    /* This should be IP UDP issues                */
    /* e.g. IPv6, UDP, UDPlite, etc.               */
  } Parameters;


void Configure(int ac, char *av[]);
void SetupParameters();
void report(FILE *fp);

extern InputParameters *input;
extern Parameters *par;

#endif // GLOBAL_H









inc/loss_generator.h

#ifndef LOSS_GENERATOR_H
#define LOSS_GENERATOR_H


#include "global.h"


class LOSS_GENERATOR
{
 public:
  LOSS_GENERATOR();
  ~LOSS_GENERATOR();
  void initialize();
  Boolean bit_error_indication(int frame_size);
  void write_statistics(FILE *fp); 

 private:
  char *ModuleName;

  FILE *ErrorPatternFile_ptr;
  ErrFormat Format;
  byte *bit_error_pattern;
  int pattern_length;
  int pattern_start_position;
  int pattern_read_position;
  
  int total_bits_counter;
  int total_erroneous_bits_counter;
  double bit_error_rate;
  int total_frames_counter;
  int total_erroneous_frames_counter;
  double frame_error_rate;
};


#endif // LOSS_GENERATOR_H









inc/packet_data_agent.h

#ifndef PACKET_DATA_AGENT_H
#define PACKET_DATA_AGENT_H


#include "global.h"




// storage type for RTP packets that are read or written to file
typedef struct rtp_packet
{
  int size;
  int timestamp;
  byte *data;
} RTP_PACKET;



// simulator-internal storage type for packet data agent PDUs
typedef struct virtual_pdu
{
  int internal_identifier;
  int size;
} VIRTUAL_PDU;



class PACKET_DATA_AGENT
{
 public:
  PACKET_DATA_AGENT();
  ~PACKET_DATA_AGENT();
  void initialize();
  int get_PDU(int current_time, VIRTUAL_PDU *PDU_in);
  void put_PDU(int current_time, VIRTUAL_PDU *PDU_out);
  void discard_PDU(int current_time, VIRTUAL_PDU *PDU_out);
  void write_statistics(FILE *fp); 

 private:
  int compress_Internet_header(RTP_PACKET *Uncompressed_RTP_Packet);

  char *ModuleName;

  FILE *InputFile_ptr, *OutputFile_ptr;

  int agent_header_size;
  int compressed_Internet_header_size;
  int receiver_buffer_delay;

  RTP_PACKET RTP_Buffer[PACKET_BUFFER_SIZE];
  int RTP_buffer_read_position;
  int RTP_buffer_write_position;
  int RTP_buffer_length;

  int total_packets_counter;
  int total_lost_packets_counter;
  double packet_loss_rate;
  int total_correct_bits_counter;
  int total_correct_payload_bits_counter;
  double effective_bitrate;
  double effective_net_bitrate;

  Boolean pdu_available;

  int error_free;

  Boolean ats_flag;
  Boolean drop_late_packets;

  int simulation_time;
};


#endif // PACKET_DATA_AGENT_H









inc/radio_link_agent.h

#ifndef RADIO_LINK_AGENT_H
#define RADIO_LINK_AGENT_H


#include "global.h"
#include "packet_data_agent.h"


// simulator-internal storage type for radio link agent SDUs
typedef struct virtual_sdu
{
  VIRTUAL_PDU upper_layer_PDU;
  int unsent_bytes;
  int received_bytes_counter;
  int correct_bytes_counter;
} VIRTUAL_SDU;


// new variable definition to indicate radio link frame type
typedef enum FrameType {DATA, RETRANSMIT, DUMMY} FrameType;


// storage type for information about the contained SDUs in a radio link frame
typedef struct contained_SDU_info
{
  int identifier;      // identifier of the contained SDU with respect to the SDU buffer
  int size;            // # of bytes from this SDU that are contained in the radio link frame
} CONTAINED_SDU_INFO;


// storage type for radio link frames
typedef struct radio_link_frame
{
  int sequence_number;
  int size;
  FrameType frame_type;
  int number_of_contained_SDUs;
  CONTAINED_SDU_INFO contained_SDU[PACKET_BUFFER_SIZE];
  int number_of_retransmissions;
} RADIO_LINK_FRAME;


// storage type for radio link retransmission queue
typedef struct retransmit_element
{
  RADIO_LINK_FRAME *retransmission_frame;
  int retransmission_time;
} RETRANSMIT_ELEMENT;








class RADIO_LINK_AGENT
{
 public:
  RADIO_LINK_AGENT();
  ~RADIO_LINK_AGENT();
  void initialize(PACKET_DATA_AGENT *upper_layer_agent);
  Boolean send_frame(RADIO_LINK_FRAME **outgoing_frame);
  void receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator);
  void write_statistics(FILE *fp); 

 private:
  void UM_receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator);
  void AM_receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator);

  char *ModuleName;

  PACKET_DATA_AGENT *Upper_Layer_Agent;
  VIRTUAL_SDU SDU_Buffer[PACKET_BUFFER_SIZE];
  int SDU_buffer_read_position;
  int SDU_buffer_write_position;
  int SDU_buffer_total_length;          // total # of SDUs in the buffer for which the transmission process is not finished yet
  int SDU_buffer_unsent_length;         // # of SDUs in the buffer that still contain unsent parts

  double radio_bearer_bitrate;             // in kbit/s
  int frame_size;                       // in bits
  int agent_header_size;                // in bytes
  Boolean ACK_mode;                     // TRUE, if acknowledged mode is enabled
  Boolean fully_persistent_ARQ;         // TRUE, if acknowledged mode is fully-persistent
  int max_number_of_retransmissions;    // limit for non fully-persistent ARQ
  int retransmission_delay_factor;      // retransmit delay in multiples of the transmission time interval
  Boolean last_frame_stuffing;              // did the last radio frame contain stuffing?


  RETRANSMIT_ELEMENT Retransmit_Buffer[FRAME_BUFFER_SIZE];
  int Retransmit_buffer_read_position;
  int Retransmit_buffer_write_position;
  int Retransmit_buffer_length;


  int total_frames_counter;                      // contains the total number of frames (data, retransmitted and dummy)
  int total_retransmitted_frames_counter;        // contains the total number of retransmitted frames
  int total_dummy_frames_counter;                // contains the total number of dummy frames
  int total_correct_payload_bits_counter;        // contains the total number of correctly received data bits
  double total_bitrate;                            // total bitrate available (including radio link agent header)
  double total_net_bitrate;                        // total net bitrate available (excluding radio link agent header)
  double effective_net_bitrate;                    // effective net bitrate available (including only correctly received data bits)

  int transmission_time_interval;       // in ms, is computed from radio_bearer_bitrate and frame_size
  int simulation_time;                  // in ms, starting from 0
  int send_sequence_number;             // contains the sequence number for the next regular frame to be transmitted
  int receive_sequence_number;          // contains the sequence number for the next regular (not retransmitted) frame to be expected
};


#endif // RADIO_LINK_AGENT_H







SA4sim.dsp

# Microsoft Developer Studio Project File - Name="SA4sim" - Package Owner=<4>

# Microsoft Developer Studio Generated Build File, Format Version 6.00

# ** NICHT BEARBEITEN **



# TARGTYPE "Win32 (x86) Console Application" 0x0103



CFG=SA4sim - Win32 Debug

!MESSAGE Dies ist kein gültiges Makefile. Zum Erstellen dieses Projekts mit NMAKE

!MESSAGE verwenden Sie den Befehl "Makefile exportieren" und führen Sie den Befehl

!MESSAGE 

!MESSAGE NMAKE /f "SA4sim.mak".

!MESSAGE 

!MESSAGE Sie können beim Ausführen von NMAKE eine Konfiguration angeben

!MESSAGE durch Definieren des Makros CFG in der Befehlszeile. Zum Beispiel:

!MESSAGE 

!MESSAGE NMAKE /f "SA4sim.mak" CFG="SA4sim - Win32 Debug"

!MESSAGE 

!MESSAGE Für die Konfiguration stehen zur Auswahl:

!MESSAGE 

!MESSAGE "SA4sim - Win32 Release" (basierend auf  "Win32 (x86) Console Application")

!MESSAGE "SA4sim - Win32 Debug" (basierend auf  "Win32 (x86) Console Application")

!MESSAGE 



# Begin Project

# PROP AllowPerConfigDependencies 0

# PROP Scc_ProjName ""

# PROP Scc_LocalPath ""

CPP=cl.exe

RSC=rc.exe



!IF  "$(CFG)" == "SA4sim - Win32 Release"



# PROP BASE Use_MFC 0

# PROP BASE Use_Debug_Libraries 0

# PROP BASE Output_Dir "Release"

# PROP BASE Intermediate_Dir "Release"

# PROP BASE Target_Dir ""

# PROP Use_MFC 0

# PROP Use_Debug_Libraries 0

# PROP Output_Dir "Release"

# PROP Intermediate_Dir "Release"

# PROP Ignore_Export_Lib 0

# PROP Target_Dir ""

# ADD BASE CPP /nologo /W3 /GX /O2 /D "WIN32" /D "NDEBUG" /D "_CONSOLE" /D "_MBCS" /YX /FD /c

# ADD CPP /nologo /W3 /GX /O2 /Ob2 /I "inc" /D "WIN32" /D "NDEBUG" /D "_CONSOLE" /D "_MBCS" /YX /FD /c

# ADD BASE RSC /l 0x407 /d "NDEBUG"

# ADD RSC /l 0x407 /i "./inc" /d "NDEBUG"

BSC32=bscmake.exe

# ADD BASE BSC32 /nologo

# ADD BSC32 /nologo

LINK32=link.exe

# ADD BASE LINK32 kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib /nologo /subsystem:console /machine:I386

# ADD LINK32 kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib /nologo /subsystem:console /machine:I386 /out:"bin\mip.exe"



!ELSEIF  "$(CFG)" == "SA4sim - Win32 Debug"



# PROP BASE Use_MFC 0

# PROP BASE Use_Debug_Libraries 1

# PROP BASE Output_Dir "Debug"

# PROP BASE Intermediate_Dir "Debug"

# PROP BASE Target_Dir ""

# PROP Use_MFC 0

# PROP Use_Debug_Libraries 1

# PROP Output_Dir "Debug"

# PROP Intermediate_Dir "Debug"

# PROP Ignore_Export_Lib 0

# PROP Target_Dir ""

# ADD BASE CPP /nologo /W3 /Gm /GX /ZI /Od /D "WIN32" /D "_DEBUG" /D "_CONSOLE" /D "_MBCS" /YX /FD /GZ /c

# ADD CPP /nologo /W3 /GX /Od /Ob2 /I "inc" /D "WIN32" /D "_DEBUG" /D "_CONSOLE" /D "_MBCS" /FR /YX /FD /GZ /c

# ADD BASE RSC /l 0x407 /d "_DEBUG"

# ADD RSC /l 0x407 /d "_DEBUG"

BSC32=bscmake.exe

# ADD BASE BSC32 /nologo

# ADD BSC32 /nologo

LINK32=link.exe

# ADD BASE LINK32 kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib /nologo /subsystem:console /debug /machine:I386 /pdbtype:sept

# ADD LINK32 kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib /nologo /subsystem:console /debug /machine:I386 /out:"bin\mip.exe" /pdbtype:sept



!ENDIF 



# Begin Target



# Name "SA4sim - Win32 Release"

# Name "SA4sim - Win32 Debug"

# Begin Group "Quellcodedateien"



# PROP Default_Filter "cpp;c;cxx;rc;def;r;odl;idl;hpj;bat"

# Begin Source File



SOURCE=.\src\configfile.cpp

# End Source File

# Begin Source File



SOURCE=.\src\loss_generator.cpp

# End Source File

# Begin Source File



SOURCE=.\src\sa4sim.cpp

# End Source File

# Begin Source File



SOURCE=.\src\packet_data_agent.cpp

# End Source File

# Begin Source File



SOURCE=.\src\radio_link_agent.cpp

# End Source File

# End Group

# Begin Group "Header-Dateien"



# PROP Default_Filter "h;hpp;hxx;hm;inl"

# Begin Source File



SOURCE=.\inc\configfile.h

# End Source File

# Begin Source File



SOURCE=.\inc\global.h

# End Source File

# Begin Source File



SOURCE=.\inc\loss_generator.h

# End Source File

# Begin Source File



SOURCE=.\inc\packet_data_agent.h

# End Source File

# Begin Source File



SOURCE=.\inc\radio_link_agent.h

# End Source File

# End Group

# Begin Group "Ressourcendateien"



# PROP Default_Filter "ico;cur;bmp;dlg;rc2;rct;bin;rgs;gif;jpg;jpeg;jpe"

# End Group

# End Target

# End Project








SA4sim.dsw

Microsoft Developer Studio Workspace File, Format Version 6.00

# WARNUNG: DIESE ARBEITSBEREICHSDATEI DARF NICHT BEARBEITET ODER GELÖSCHT WERDEN!



###############################################################################



Project: "SA4sim"=.\SA4sim.dsp - Package Owner=<4>



Package=<5>

{{{

}}}



Package=<4>

{{{

}}}



###############################################################################



Global:



Package=<5>

{{{

}}}



Package=<3>

{{{

}}}



###############################################################################










SA4sim.plg





Erstellungsprotokoll






--------------------Konfiguration: MobileIP - Win32 Debug--------------------






Befehlszeilen




Erstellen der temporären Datei  "C:\DOKUME~1\tom\LOKALE~1\Temp\RSP2DA.tmp" mit Inhalten

[

/nologo /MLd /W3 /GX /Od /Ob2 /I "inc" /D "WIN32" /D "_DEBUG" /D "_CONSOLE" /D "_MBCS" /FR"Debug/" /Fp"Debug/SA4sim.pch" /YX /Fo"Debug/" /Fd"Debug/" /FD /GZ /c 

"C:\Dokumente und Einstellungen\tom\Eigene Dateien\SoftwareVideo\Channels\SA4sim\src\sa4sim.cpp"

]

Creating command line "cl.exe @C:\DOKUME~1\tom\LOKALE~1\Temp\RSP2DA.tmp" 

Erstellen der temporären Datei  "C:\DOKUME~1\tom\LOKALE~1\Temp\RSP2DB.tmp" mit Inhalten

[

kernel32.lib user32.lib gdi32.lib winspool.lib comdlg32.lib advapi32.lib shell32.lib ole32.lib oleaut32.lib uuid.lib odbc32.lib odbccp32.lib /nologo /subsystem:console /incremental:yes /pdb:"Debug/mobileip.pdb" /debug /machine:I386 /out:"bin\mobileip.exe" /pdbtype:sept 

".\Debug\configfile.obj"

".\Debug\loss_generator.obj"

".\Debug\sa4sim.obj"

".\Debug\packet_data_agent.obj"

".\Debug\radio_link_agent.obj"

]

Erstellen der Befehlzeile "link.exe @C:\DOKUME~1\tom\LOKALE~1\Temp\RSP2DB.tmp"

Ausgabefenster




Kompilierung läuft...

sa4sim.cpp

Linker-Vorgang läuft...







Ergebnisse




sa4sim.exe - 0 Fehler, 0 Warnung(en)










Makefile

###

###     Makefile for SA4 Simulator encoder

###







NAME=   sa4sim



### include debug information: 1=yes, 0=no

#DBG= 0



DEPEND= dependencies



BINDIR= bin

INCDIR= inc

SRCDIR= src

OBJDIR= obj





CC=     $(shell which g++)



LIBS=   -lm

FLAGS=  -ffloat-store -Wall -I$(INCDIR)



ifdef DBG

SUFFIX= .dbg

FLAGS+= -g

else

SUFFIX=

FLAGS+= -O2

endif



OBJSUF= .o$(SUFFIX)



SRC=    $(wildcard $(SRCDIR)/*.cpp) 

ADDSRC= $(wildcard $(ADDSRCDIR)/*.cpp)

OBJ=    $(SRC:$(SRCDIR)/%.cpp=$(OBJDIR)/%.o$(SUFFIX)) 

BIN=    $(BINDIR)/$(NAME)$(SUFFIX).exe





default: depend bin tags



dependencies:

	@echo "" >dependencies



clean:

	@echo remove all objects

	@rm -f $(OBJDIR)/*

	@rm -f $(SRCDIR)/*~

	@rm -f $(INCDIR)/*~

	@rm -f $(BIN)



tags:

	@echo update tag table

	@ctags inc/*.h src/*.cpp



bin:    $(OBJ)

	@echo

	@echo 'creating binary "$(BIN)"'

	@$(CC) -o $(BIN) $(OBJ) $(LIBS)

	@echo '... done'

	@echo



depend:

	@echo

	@echo 'checking dependencies'

	@$(SHELL) -ec '$(CC) -MM $(CFLAGS) -I$(INCDIR) $(SRC) | sed '\''s@\(.*\)\.o[ :]@$(OBJDIR)/\1.o$(SUFFIX):@g'\'' >$(DEPEND)'

	@echo



$(OBJDIR)/%.o$(SUFFIX): $(SRCDIR)/%.cpp

	@echo 'compiling object file "$@" ...'

	@$(CC) -c -o $@ $(FLAGS) $<



$(OBJDIR)/%.o$(SUFFIX): $(ADDSRCDIR)/%.c

	@echo 'compiling object file "$@" ...'

	@$(CC) -c -o $@ $(FLAGS) $<





include $(DEPEND)










README.TXT

To be done:



Compile and Try!





In case of any problems

please contact:



Thomas Stockhammer

Nomor Research

stockhammer@nomor.de






unixprep.sh

#!/bin/sh

which sed || (echo "sed unavailable" 1>&2; exit 1)

echo "Creating obj directories..."

test -d obj && rm -rf obj ; mkdir obj

rm -f dependencies; touch dependencies

echo "Removing DOS LF chars..."

for f in {src,inc}/*.[ch]*
do
   sed -e "s/
//" < $f >$f.tmp && mv $f.tmp $f
done

for f in Makefile
do
   sed -e "s/
//" < $f >$f.tmp && mv $f.tmp $f
done

for f in README.TXT
do
   sed -e "s/
//" < $f >$f.tmp && mv $f.tmp $f
done

for f in bin/ErrorPatterns/EGPRS/*.txt
do
   sed -e "s/
//" < $f >$f.tmp && mv $f.tmp $f
done

echo "Done."







tags

!_TAG_FILE_FORMAT	2	/extended format; --format=1 will not append ;" to lines/
!_TAG_FILE_SORTED	1	/0=unsorted, 1=sorted, 2=foldcase/
!_TAG_PROGRAM_AUTHOR	Darren Hiebert	/dhiebert@users.sourceforge.net/
!_TAG_PROGRAM_NAME	Exuberant Ctags	//
!_TAG_PROGRAM_URL	http://ctags.sourceforge.net	/official site/
!_TAG_PROGRAM_VERSION	5.5.4	//
ACK_mode	inc/radio_link_agent.h	/^  Boolean ACK_mode;                       \/\/ TRUE, if acknowledged mode is enabled$/;"	m	class:RADIO_LINK_AGENT
AM_receive_frame	src/radio_link_agent.cpp	/^void RADIO_LINK_AGENT::AM_receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator)$/;"	f	class:RADIO_LINK_AGENT
BEARERFILE	inc/global.h	52;"	d
BIT	inc/global.h	/^typedef enum ErrFormat {PACKET, BIT} ErrFormat;$/;"	e	enum:ErrFormat
BearerParameters	inc/global.h	/^  } BearerParameters;$/;"	t
Boolean	inc/global.h	/^typedef enum Boolean   {FALSE, TRUE} Boolean;$/;"	g
Boolean	inc/global.h	/^typedef enum Boolean   {FALSE, TRUE} Boolean;$/;"	t
CONTAINED_SDU_INFO	inc/radio_link_agent.h	/^} CONTAINED_SDU_INFO;$/;"	t
Configure	src/configfile.cpp	/^void Configure(int ac, char *av[])$/;"	f
DATA	inc/radio_link_agent.h	/^typedef enum FrameType {DATA, RETRANSMIT, DUMMY} FrameType;$/;"	e	enum:FrameType
DEFAULTCONFIGFILENAME	inc/configfile.h	76;"	d
DUMMY	inc/radio_link_agent.h	/^typedef enum FrameType {DATA, RETRANSMIT, DUMMY} FrameType;$/;"	e	enum:FrameType
ERRORPATTERNDIR	inc/global.h	51;"	d
ErrFormat	inc/global.h	/^typedef enum ErrFormat {PACKET, BIT} ErrFormat;$/;"	g
ErrFormat	inc/global.h	/^typedef enum ErrFormat {PACKET, BIT} ErrFormat;$/;"	t
ErrorPatternFile_ptr	inc/loss_generator.h	/^  FILE *ErrorPatternFile_ptr;$/;"	m	class:LOSS_GENERATOR
FALSE	inc/global.h	/^typedef enum Boolean   {FALSE, TRUE} Boolean;$/;"	e	enum:Boolean
FRAME_BUFFER_SIZE	inc/global.h	56;"	d
Format	inc/loss_generator.h	/^  ErrFormat Format;$/;"	m	class:LOSS_GENERATOR
FrameType	inc/radio_link_agent.h	/^typedef enum FrameType {DATA, RETRANSMIT, DUMMY} FrameType;$/;"	g
FrameType	inc/radio_link_agent.h	/^typedef enum FrameType {DATA, RETRANSMIT, DUMMY} FrameType;$/;"	t
GLOBAL_H	inc/global.h	35;"	d
GetConfigFileContent	src/configfile.cpp	/^char *GetConfigFileContent (char *Filename)$/;"	f
INCLUDED_BY_CONFIGFILE_C	src/configfile.cpp	121;"	d	file:
InputFile_ptr	inc/packet_data_agent.h	/^  FILE *InputFile_ptr, *OutputFile_ptr;$/;"	m	class:PACKET_DATA_AGENT
InputParameters	inc/global.h	/^  } InputParameters;$/;"	t
LOSS_GENERATOR	inc/loss_generator.h	/^class LOSS_GENERATOR$/;"	c
LOSS_GENERATOR	src/loss_generator.cpp	/^LOSS_GENERATOR::LOSS_GENERATOR()$/;"	f	class:LOSS_GENERATOR
LOSS_GENERATOR_H	inc/loss_generator.h	37;"	d
LogFile_ptr	src/mobile_ip.cpp	/^FILE *LogFile_ptr; $/;"	v
MAX_BUFFER_SIZE	inc/global.h	50;"	d
MAX_ITEMS_TO_PARSE	src/configfile.cpp	139;"	d	file:
MIN_RTP_HEADER_SIZE	inc/global.h	72;"	d
Map	inc/configfile.h	/^Mapping Map[] = {$/;"	v
Mapping	inc/configfile.h	/^} Mapping;$/;"	t
ModuleName	inc/loss_generator.h	/^  char *ModuleName;$/;"	m	class:LOSS_GENERATOR
ModuleName	inc/packet_data_agent.h	/^  char *ModuleName;$/;"	m	class:PACKET_DATA_AGENT
ModuleName	inc/radio_link_agent.h	/^  char *ModuleName;$/;"	m	class:RADIO_LINK_AGENT
OutputFile_ptr	inc/packet_data_agent.h	/^  FILE *InputFile_ptr, *OutputFile_ptr;$/;"	m	class:PACKET_DATA_AGENT
PACKET	inc/global.h	/^typedef enum ErrFormat {PACKET, BIT} ErrFormat;$/;"	e	enum:ErrFormat
PACKET_BUFFER_SIZE	inc/global.h	70;"	d
PACKET_DATA_AGENT	inc/packet_data_agent.h	/^class PACKET_DATA_AGENT$/;"	c
PACKET_DATA_AGENT	src/packet_data_agent.cpp	/^PACKET_DATA_AGENT::PACKET_DATA_AGENT()$/;"	f	class:PACKET_DATA_AGENT
PACKET_DATA_AGENT_H	inc/packet_data_agent.h	37;"	d
PA_HEADER_SIZE_CDMA2000	inc/global.h	68;"	d
PA_HEADER_SIZE_UMTS	inc/global.h	67;"	d
ParameterNameToMapIndex	src/configfile.cpp	/^static int ParameterNameToMapIndex (char *s)$/;"	f	file:
Parameters	inc/global.h	/^  } Parameters;$/;"	t
ParseContent	src/configfile.cpp	/^void ParseContent (char *buf, int bufsize)$/;"	f
PatchInp	src/configfile.cpp	/^static void PatchInp ()$/;"	f	file:
Place	inc/configfile.h	/^  void *Place;$/;"	m
RADIO_LINK_AGENT	inc/radio_link_agent.h	/^class RADIO_LINK_AGENT$/;"	c
RADIO_LINK_AGENT	src/radio_link_agent.cpp	/^RADIO_LINK_AGENT::RADIO_LINK_AGENT()$/;"	f	class:RADIO_LINK_AGENT
RADIO_LINK_AGENT_H	inc/radio_link_agent.h	36;"	d
RADIO_LINK_FRAME	inc/radio_link_agent.h	/^} RADIO_LINK_FRAME;$/;"	t
RETRANSMISSION_DELAY_FACTOR	inc/global.h	58;"	d
RETRANSMIT	inc/radio_link_agent.h	/^typedef enum FrameType {DATA, RETRANSMIT, DUMMY} FrameType;$/;"	e	enum:FrameType
RETRANSMIT_ELEMENT	inc/radio_link_agent.h	/^} RETRANSMIT_ELEMENT;$/;"	t
RLC_HEADER_CDMA2000	inc/global.h	61;"	d
RLC_HEADER_UMTS	inc/global.h	60;"	d
RTP_Buffer	inc/packet_data_agent.h	/^  RTP_PACKET RTP_Buffer[PACKET_BUFFER_SIZE];$/;"	m	class:PACKET_DATA_AGENT
RTP_HEADER_SIZE	inc/global.h	73;"	d
RTP_PACKET	inc/packet_data_agent.h	/^} RTP_PACKET;$/;"	t
RTP_buffer_length	inc/packet_data_agent.h	/^  int RTP_buffer_length;$/;"	m	class:PACKET_DATA_AGENT
RTP_buffer_read_position	inc/packet_data_agent.h	/^  int RTP_buffer_read_position;$/;"	m	class:PACKET_DATA_AGENT
RTP_buffer_write_position	inc/packet_data_agent.h	/^  int RTP_buffer_write_position;$/;"	m	class:PACKET_DATA_AGENT
Retransmit_Buffer	inc/radio_link_agent.h	/^  RETRANSMIT_ELEMENT Retransmit_Buffer[FRAME_BUFFER_SIZE];$/;"	m	class:RADIO_LINK_AGENT
Retransmit_buffer_length	inc/radio_link_agent.h	/^  int Retransmit_buffer_length;$/;"	m	class:RADIO_LINK_AGENT
Retransmit_buffer_read_position	inc/radio_link_agent.h	/^  int Retransmit_buffer_read_position;$/;"	m	class:RADIO_LINK_AGENT
Retransmit_buffer_write_position	inc/radio_link_agent.h	/^  int Retransmit_buffer_write_position;$/;"	m	class:RADIO_LINK_AGENT
SDU_Buffer	inc/radio_link_agent.h	/^  VIRTUAL_SDU SDU_Buffer[PACKET_BUFFER_SIZE];$/;"	m	class:RADIO_LINK_AGENT
SDU_buffer_read_position	inc/radio_link_agent.h	/^  int SDU_buffer_read_position;$/;"	m	class:RADIO_LINK_AGENT
SDU_buffer_total_length	inc/radio_link_agent.h	/^  int SDU_buffer_total_length;          \/\/ total # of SDUs in the buffer for which the transmission process is not finished yet$/;"	m	class:RADIO_LINK_AGENT
SDU_buffer_unsent_length	inc/radio_link_agent.h	/^  int SDU_buffer_unsent_length;         \/\/ # of SDUs in the buffer that still contain unsent parts$/;"	m	class:RADIO_LINK_AGENT
SDU_buffer_write_position	inc/radio_link_agent.h	/^  int SDU_buffer_write_position;$/;"	m	class:RADIO_LINK_AGENT
SetupParameters	src/mobile_ip.cpp	/^void SetupParameters()$/;"	f
StatisticsFile_ptr	src/mobile_ip.cpp	/^FILE *StatisticsFile_ptr;$/;"	v
TRUE	inc/global.h	/^typedef enum Boolean   {FALSE, TRUE} Boolean;$/;"	e	enum:Boolean
TokenName	inc/configfile.h	/^  char *TokenName;$/;"	m
Type	inc/configfile.h	/^  int Type;$/;"	m
UM_receive_frame	src/radio_link_agent.cpp	/^void RADIO_LINK_AGENT::UM_receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator)$/;"	f	class:RADIO_LINK_AGENT
Upper_Layer_Agent	inc/radio_link_agent.h	/^  PACKET_DATA_AGENT *Upper_Layer_Agent;$/;"	m	class:RADIO_LINK_AGENT
VIRTUAL_PDU	inc/packet_data_agent.h	/^} VIRTUAL_PDU;$/;"	t
VIRTUAL_SDU	inc/radio_link_agent.h	/^} VIRTUAL_SDU;$/;"	t
_CONFIGFILE_H_	inc/configfile.h	74;"	d
ackmode	inc/global.h	/^    int ackmode;$/;"	m
agent_header_size	inc/packet_data_agent.h	/^  int agent_header_size;$/;"	m	class:PACKET_DATA_AGENT
agent_header_size	inc/radio_link_agent.h	/^  int agent_header_size;                \/\/ in bytes$/;"	m	class:RADIO_LINK_AGENT
ats_flag	inc/packet_data_agent.h	/^  Boolean ats_flag;$/;"	m	class:PACKET_DATA_AGENT
bearer	inc/global.h	/^    BearerParameters *bearer;$/;"	m
bearer	inc/global.h	/^    int bearer;$/;"	m
bit_error_indication	src/loss_generator.cpp	/^Boolean LOSS_GENERATOR::bit_error_indication(int frame_size)$/;"	f	class:LOSS_GENERATOR
bit_error_pattern	inc/loss_generator.h	/^  byte *bit_error_pattern;$/;"	m	class:LOSS_GENERATOR
bit_error_rate	inc/loss_generator.h	/^  double bit_error_rate;$/;"	m	class:LOSS_GENERATOR
bitrate	inc/global.h	/^    int bitrate;$/;"	m
byte	inc/global.h	/^typedef unsigned char byte;$/;"	t
com_ipudprtp_header_size	inc/global.h	/^    int com_ipudprtp_header_size;$/;"	m
compress_Internet_header	src/packet_data_agent.cpp	/^int PACKET_DATA_AGENT::compress_Internet_header(RTP_PACKET *Uncompressed_RTP_Buffer)$/;"	f	class:PACKET_DATA_AGENT
compressed_Internet_header_size	inc/packet_data_agent.h	/^  int compressed_Internet_header_size;$/;"	m	class:PACKET_DATA_AGENT
configinput	inc/configfile.h	/^InputParameters configinput;$/;"	v
contained_SDU	inc/radio_link_agent.h	/^  CONTAINED_SDU_INFO contained_SDU[PACKET_BUFFER_SIZE];$/;"	m	struct:radio_link_frame
contained_SDU_info	inc/radio_link_agent.h	/^typedef struct contained_SDU_info$/;"	s
correct_bytes_counter	inc/radio_link_agent.h	/^  int correct_bytes_counter;$/;"	m	struct:virtual_sdu
data	inc/packet_data_agent.h	/^  byte *data;$/;"	m	struct:rtp_packet
discard_PDU	src/packet_data_agent.cpp	/^void PACKET_DATA_AGENT::discard_PDU(int current_time, VIRTUAL_PDU *PDU_out)$/;"	f	class:PACKET_DATA_AGENT
drop_late_packets	inc/packet_data_agent.h	/^  Boolean drop_late_packets;$/;"	m	class:PACKET_DATA_AGENT
effective_bitrate	inc/packet_data_agent.h	/^  double effective_bitrate;$/;"	m	class:PACKET_DATA_AGENT
effective_net_bitrate	inc/packet_data_agent.h	/^  double effective_net_bitrate;$/;"	m	class:PACKET_DATA_AGENT
effective_net_bitrate	inc/radio_link_agent.h	/^  double effective_net_bitrate;                    \/\/ effective net bitrate available (including only correctly received data bits)$/;"	m	class:RADIO_LINK_AGENT
error_free	inc/packet_data_agent.h	/^  int error_free;$/;"	m	class:PACKET_DATA_AGENT
errorfree_rtp	inc/global.h	/^    int errorfree_rtp;$/;"	m
errorpatternfile	inc/global.h	/^    char errorpatternfile[1000];$/;"	m
format	inc/global.h	/^    ErrFormat format;$/;"	m
frame_error_rate	inc/loss_generator.h	/^  double frame_error_rate;$/;"	m	class:LOSS_GENERATOR
frame_size	inc/radio_link_agent.h	/^  int frame_size;                       \/\/ in bits$/;"	m	class:RADIO_LINK_AGENT
frame_type	inc/radio_link_agent.h	/^  FrameType frame_type;$/;"	m	struct:radio_link_frame
fully_persistent_ARQ	inc/radio_link_agent.h	/^  Boolean fully_persistent_ARQ;           \/\/ TRUE, if acknowledged mode is fully-persistent$/;"	m	class:RADIO_LINK_AGENT
get_PDU	src/packet_data_agent.cpp	/^  int PACKET_DATA_AGENT::get_PDU(int current_time,VIRTUAL_PDU *PDU_in)$/;"	f	class:PACKET_DATA_AGENT
identifier	inc/radio_link_agent.h	/^  int identifier;      \/\/ identifier of the contained SDU with respect to the SDU buffer$/;"	m	struct:contained_SDU_info
infile	inc/global.h	/^    char infile[1000];$/;"	m
initialize	src/loss_generator.cpp	/^void LOSS_GENERATOR::initialize()$/;"	f	class:LOSS_GENERATOR
initialize	src/packet_data_agent.cpp	/^void PACKET_DATA_AGENT::initialize()$/;"	f	class:PACKET_DATA_AGENT
initialize	src/radio_link_agent.cpp	/^void RADIO_LINK_AGENT::initialize(PACKET_DATA_AGENT *upper_layer_agent)$/;"	f	class:RADIO_LINK_AGENT
input	src/mobile_ip.cpp	/^InputParameters inputs, *input = &inputs;$/;"	v
inputs	src/mobile_ip.cpp	/^InputParameters inputs, *input = &inputs;$/;"	v
internal_identifier	inc/packet_data_agent.h	/^  int internal_identifier;$/;"	m	struct:virtual_pdu
logfile	inc/global.h	/^    char logfile[1000];$/;"	m
main	src/mobile_ip.cpp	/^int main(int ac, char *av[])$/;"	f
max_number_of_retransmissions	inc/radio_link_agent.h	/^  int max_number_of_retransmissions;    \/\/ limit for non fully-persistent ARQ$/;"	m	class:RADIO_LINK_AGENT
maximum_retransmissions	inc/global.h	/^    int maximum_retransmissions;$/;"	m
mode	inc/global.h	/^    int mode;$/;"	m
number_of_contained_SDUs	inc/radio_link_agent.h	/^  int number_of_contained_SDUs;$/;"	m	struct:radio_link_frame
number_of_retransmissions	inc/radio_link_agent.h	/^  int number_of_retransmissions;$/;"	m	struct:radio_link_frame
outfile	inc/global.h	/^    char outfile[1000];$/;"	m
packet_loss_rate	inc/packet_data_agent.h	/^  double packet_loss_rate;$/;"	m	class:PACKET_DATA_AGENT
par	src/mobile_ip.cpp	/^Parameters pars, *par = &pars;$/;"	v
pars	src/mobile_ip.cpp	/^Parameters pars, *par = &pars;$/;"	v
pattern_length	inc/loss_generator.h	/^  int pattern_length;$/;"	m	class:LOSS_GENERATOR
pattern_read_position	inc/loss_generator.h	/^  int pattern_read_position;$/;"	m	class:LOSS_GENERATOR
pattern_start_position	inc/loss_generator.h	/^  int pattern_start_position;$/;"	m	class:LOSS_GENERATOR
pdu_available	inc/packet_data_agent.h	/^  Boolean pdu_available;$/;"	m	class:PACKET_DATA_AGENT
put_PDU	src/packet_data_agent.cpp	/^void PACKET_DATA_AGENT::put_PDU(int current_time,VIRTUAL_PDU *PDU_out)$/;"	f	class:PACKET_DATA_AGENT
radio_bearer_bitrate	inc/radio_link_agent.h	/^  int radio_bearer_bitrate;             \/\/ in kbit\/s$/;"	m	class:RADIO_LINK_AGENT
radio_frame_size	inc/global.h	/^    int radio_frame_size;$/;"	m
radio_link_frame	inc/radio_link_agent.h	/^typedef struct radio_link_frame$/;"	s
receive_frame	src/radio_link_agent.cpp	/^void RADIO_LINK_AGENT::receive_frame(RADIO_LINK_FRAME *incoming_frame, Boolean frame_error_indicator)$/;"	f	class:RADIO_LINK_AGENT
receive_sequence_number	inc/radio_link_agent.h	/^  int receive_sequence_number;          \/\/ contains the sequence number for the next regular (not retransmitted) frame to be expected$/;"	m	class:RADIO_LINK_AGENT
received_bytes_counter	inc/radio_link_agent.h	/^  int received_bytes_counter;$/;"	m	struct:virtual_sdu
receiver_buffer_delay	inc/packet_data_agent.h	/^  int receiver_buffer_delay;$/;"	m	class:PACKET_DATA_AGENT
report	src/mobile_ip.cpp	/^void report(FILE *fp)$/;"	f
retransmission_delay	inc/global.h	/^    int retransmission_delay;$/;"	m
retransmission_delay_factor	inc/radio_link_agent.h	/^  int retransmission_delay_factor;      \/\/ retransmit delay in multiples of the transmission time interval$/;"	m	class:RADIO_LINK_AGENT
retransmission_frame	inc/radio_link_agent.h	/^  RADIO_LINK_FRAME *retransmission_frame;$/;"	m	struct:retransmit_element
retransmission_time	inc/radio_link_agent.h	/^  int retransmission_time;$/;"	m	struct:retransmit_element
retransmit_element	inc/radio_link_agent.h	/^typedef struct retransmit_element$/;"	s
rtp_packet	inc/packet_data_agent.h	/^typedef struct rtp_packet$/;"	s
seed	inc/global.h	/^    int seed;$/;"	m
send_frame	src/radio_link_agent.cpp	/^Boolean RADIO_LINK_AGENT::send_frame(RADIO_LINK_FRAME **outgoing_frame)$/;"	f	class:RADIO_LINK_AGENT
send_sequence_number	inc/radio_link_agent.h	/^  int send_sequence_number;             \/\/ contains the sequence number for the next regular frame to be transmitted$/;"	m	class:RADIO_LINK_AGENT
sequence_number	inc/radio_link_agent.h	/^  int sequence_number;$/;"	m	struct:radio_link_frame
simulation_time	inc/packet_data_agent.h	/^  int simulation_time;$/;"	m	class:PACKET_DATA_AGENT
simulation_time	inc/radio_link_agent.h	/^  int simulation_time;                  \/\/ in ms, starting from 0$/;"	m	class:RADIO_LINK_AGENT
size	inc/packet_data_agent.h	/^  int size;$/;"	m	struct:rtp_packet
size	inc/packet_data_agent.h	/^  int size;$/;"	m	struct:virtual_pdu
size	inc/radio_link_agent.h	/^  int size;            \/\/ # of bytes from this SDU that are contained in the radio link frame$/;"	m	struct:contained_SDU_info
size	inc/radio_link_agent.h	/^  int size;$/;"	m	struct:radio_link_frame
statfile	inc/global.h	/^    char statfile[1000];$/;"	m
system	inc/global.h	/^    int system;$/;"	m
timestamp	inc/packet_data_agent.h	/^  int timestamp;$/;"	m	struct:rtp_packet
total_bitrate	inc/radio_link_agent.h	/^  double total_bitrate;                            \/\/ total bitrate available (including radio link agent header)$/;"	m	class:RADIO_LINK_AGENT
total_bits_counter	inc/loss_generator.h	/^  int total_bits_counter;$/;"	m	class:LOSS_GENERATOR
total_correct_bits_counter	inc/packet_data_agent.h	/^  int total_correct_bits_counter;$/;"	m	class:PACKET_DATA_AGENT
total_correct_payload_bits_counter	inc/packet_data_agent.h	/^  int total_correct_payload_bits_counter;$/;"	m	class:PACKET_DATA_AGENT
total_correct_payload_bits_counter	inc/radio_link_agent.h	/^  int total_correct_payload_bits_counter;        \/\/ contains the total number of correctly received data bits$/;"	m	class:RADIO_LINK_AGENT
total_dummy_frames_counter	inc/radio_link_agent.h	/^  int total_dummy_frames_counter;                \/\/ contains the total number of dummy frames$/;"	m	class:RADIO_LINK_AGENT
total_erroneous_bits_counter	inc/loss_generator.h	/^  int total_erroneous_bits_counter;$/;"	m	class:LOSS_GENERATOR
total_erroneous_frames_counter	inc/loss_generator.h	/^  int total_erroneous_frames_counter;$/;"	m	class:LOSS_GENERATOR
total_frames_counter	inc/loss_generator.h	/^  int total_frames_counter;$/;"	m	class:LOSS_GENERATOR
total_frames_counter	inc/radio_link_agent.h	/^  int total_frames_counter;                      \/\/ contains the total number of frames (data, retransmitted and dummy)$/;"	m	class:RADIO_LINK_AGENT
total_lost_packets_counter	inc/packet_data_agent.h	/^  int total_lost_packets_counter;$/;"	m	class:PACKET_DATA_AGENT
total_net_bitrate	inc/radio_link_agent.h	/^  double total_net_bitrate;                        \/\/ total net bitrate available (excluding radio link agent header)$/;"	m	class:RADIO_LINK_AGENT
total_packets_counter	inc/packet_data_agent.h	/^  int total_packets_counter;$/;"	m	class:PACKET_DATA_AGENT
total_retransmitted_frames_counter	inc/radio_link_agent.h	/^  int total_retransmitted_frames_counter;        \/\/ contains the total number of retransmitted frames$/;"	m	class:RADIO_LINK_AGENT
transmission_time_interval	inc/radio_link_agent.h	/^  int transmission_time_interval;       \/\/ in ms, is computed from radio_bearer_bitrate and frame_size$/;"	m	class:RADIO_LINK_AGENT
ts_mode_sender	inc/global.h	/^    int ts_mode_sender;$/;"	m
unsent_bytes	inc/radio_link_agent.h	/^  int unsent_bytes;$/;"	m	struct:virtual_sdu
upper_layer_PDU	inc/radio_link_agent.h	/^  VIRTUAL_PDU upper_layer_PDU;$/;"	m	struct:virtual_sdu
virtual_pdu	inc/packet_data_agent.h	/^typedef struct virtual_pdu$/;"	s
virtual_sdu	inc/radio_link_agent.h	/^typedef struct virtual_sdu$/;"	s
write_statistics	src/loss_generator.cpp	/^void LOSS_GENERATOR::write_statistics(FILE *fp)$/;"	f	class:LOSS_GENERATOR
write_statistics	src/packet_data_agent.cpp	/^void PACKET_DATA_AGENT::write_statistics(FILE *fp)$/;"	f	class:PACKET_DATA_AGENT
write_statistics	src/radio_link_agent.cpp	/^void RADIO_LINK_AGENT::write_statistics(FILE *fp)$/;"	f	class:RADIO_LINK_AGENT
~LOSS_GENERATOR	src/loss_generator.cpp	/^LOSS_GENERATOR::~LOSS_GENERATOR()$/;"	f	class:LOSS_GENERATOR
~PACKET_DATA_AGENT	src/packet_data_agent.cpp	/^PACKET_DATA_AGENT::~PACKET_DATA_AGENT()$/;"	f	class:PACKET_DATA_AGENT
~RADIO_LINK_AGENT	src/radio_link_agent.cpp	/^RADIO_LINK_AGENT::~RADIO_LINK_AGENT()$/;"	f	class:RADIO_LINK_AGENT







bin/bearers.txt

# This file contains some bearer configuration. The bearers can be indexed by the number.

# The specific columns are explained in the following

# Number:      Number of the bearer used as index (integer)

# File:	       File name of the error masks, can be bit errors or packet errors

# Format:      Gives the format of the file (binary for bit errors, ascii for packet errors)

# TTI:	       Transmission Time Interval in ms

# RFS:	       Radio Frame Size in bytes describes the RLC-PDU size

# note that 8*RFS/TTI results in the bit rate in kbit/s

# Mode:	       Transmission Mode: 1 is acknowledged bearer, 0 is unacknowledged bearer

# System:      0=CDMA2000, 1=UMTS, 2=GPRS, 3=EGPRS, main difference is in sizes of fields added for headers

# CRUIH:       Compressed RTP/IP/UDP header size assuming header compression

# RDel:	       (only for ACK mode) The retransmission delay before it is available at the encoder in multiples of the TTI

# Amod:	       (only for ACK mode) Mode of Acknowledged Bearer (0=persistent, 1=non-persistent)

# NoRet:       (only non-persistent ACK mode) Number of Retransmission for ACK mode

#

# The following bearers are defined

# Number	File				Format	TTI	RFS 	Mode	System CRUIH	RDel	Amod	NoRet

# EGPRS MBMS Bearers

1	EP0.txt				ascii	15	74	0	3	8

2	EP1.txt				ascii	15	74	0	3	8

3	EP2.txt				ascii	15	74	0	3	8

4	EP3.txt				ascii	15	74	0	3	8

5	EP4.txt				ascii	15	74	0	3	8

6	EP5.txt				ascii	15	74	0	3	8

7	EP6.txt				ascii	15	74	0	3	8

8	EP7.txt				ascii	15	74	0	3	8

# UTRAN MBMS Bearers

11    MBMS_32kbps_80ms_VA3_BLER_1_0.txt	ascii	80	320	0	1	4

12    MBMS_32kbps_80ms_VA3_BLER_5_0.txt	ascii	80	320	0	1	4

13    MBMS_64kbps_80ms_VA3_BLER_1_0.txt	ascii	80	640	0	1	4

14    MBMS_64kbps_80ms_VA3_BLER_5_0.txt	ascii	80	640	0	1	4








bin/ErrorPatterns/EP0.txt
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1 Introduction



This contribution presents error masks generated from link level simulations at various bearer rates and BLER values. These masks are expected to be used to characterize video services in 3GPP. 



This contribution also proposes a method for introducing packet losses on 3GPP networks for RTP/UDP/IP bitstreams. It is based on the VCEG network simulator [1], adopted by VCEG during the development of H.264/AVC codec. This simulator primarily addresses packet losses for video streams over RTP/UDP/IP transport. However, it can be used for other data also when delivered over RTP/UDP/IP transport. Two modifications are introduced to (i) enable use of packet error masks and (ii) enable the simulator to perform correctly when lower layers support multiple PDU sizes for a given TTI [2]. 


2 Network Simulation software for 3GPP video applications


2.1 Packet error masks for 3GPP SA4 simulations


ASCII packet error masks for MBMS, PSC and PSS are summarized below. The error masks are a sequence of ‘1’s and ‘0’s. ‘0’ indicates that the PDU is not lost and ‘1’ indicates that the PDU is lost. These error masks can be used to inject errors at the physical layer. For every PDU transmitted one mask is read from the error mask file. If the mask is 0, the PDU is considered to be received successfully else the PDU should be discarded (i.e., not given to the receiver/video decoder). Details of generation of the error masks are in Appendix C. List of the error mask file are in Appendix B. The files contain one mask value in ASCII per line. 


Table 1 Naming convention of the error masks


			    Naming Convention


			[MBMS|PSC]_bitrate_TTI_BLER-Value





			    MBMS    


			Masks for MBMS simulations





			    PSC    


			Masks for PSC/PSS simulations (with power control)








			    Bitrate


			16, 32, 48, 64 and 128 kbps





			    TTI   


			80ms for MBMS and 20 ms for PSC/PSS





			    BLER   


			1.5%, 1% and 0.5%








The PDU size in octets is calculated as



PDU_size_in_octets = (bitrate / 8) * TTI 



   e.g. 
MBMS_128kbps_80ms_BLER_0_5 PDU size  = (128/8) * 80 = 1280 octets



        
PSC__64kbps_20ms_BLER_0_5  PDU size    = (64/8)  * 20   = 160 octets



For PSC services, the total BLER should be twice that of PSS, to account for uplink and downlink packet losses. To simulate end-to-end video quality, one needs uncorrelated error masks for uplink and downlink. In this situation, the error masks are reversed and a “logical OR” operation is performed with the forward masks. This will result in error masks of BLER=3%, 2% and 1%.


Figures 1—6 show the distribution of burst errors presented here. It can be seen that only PSC__XXXkbps_20ms_BLER_0_5 appears a little different for different kbps This is because PSC__128kbps_20ms_BLER_0_5.txt has burst errors of lengths of 1, 2, 3, and 4 while the others have burst errors of only lengths 1 and 2. 



As a first approximation, it appears reasonable to assume that burst statistics do not vary much with the bearer rate. Consequently, if the video rate changes due to rate adaptation, the same error mask is applicable to all data rates to assess the effects of packet loss . 
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Figure 1 MBMS Burst Error Distribution at 0.5% BLER
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Figure 2 MBMS Burst Error Distribution at 1% BLER
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Figure 3 MBMS Burst Error Distribution at 1.5% BLER
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Figure 4 PSC/PSS Burst Error Distribution at 0.5% BLER
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Figure 5 PSC/PSS Burst Error Distribution at 1% BLER
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Figure 6 PSC/PSS Burst Error Distribution at 1.5% BLER


2.2 Network simulator for 3GPP packet networks


The network simulator is a modified version of the simulation software developed by VCEG [1] for video applications based on RTP/UDP/IP.



2.2.1 Frame dropping modification



The original simulator required bit error masks, i.e., the sequence of ‘0’ and ‘1’ indicated if a bit was in error or not. The error mask files were also required to be in binary format. An additional feature was added to the simulator enabling it to read ASCII error masks. Its operation was also modified so that the ASCII mask values were interpreted as corresponding to packet losses. Hence, the modified simulator only needs to read one mask for every PDU. If the mask is ‘1”, the PDU is dropped else it is not. When a PDU is in error the RTP packet(s) corresponding to it is(are) dropped (i.e., not written to output file). This operation is shown in Figure 1. As before if the end of file is reached and there are more PDUs to be transmitted, the simulator continues reading from the beginning of the error mask file.
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 Figure 1 Network simulator operation. The dropped portions of the bitstream at different layers are shown shaded. 


2.2.2 Support for Multiple PDU Sizes 



For the original simulator only one PDU size needed to be specified. All RTP packets were broken up into these equal size PDUs. In EBR mode of operation a video encoder generates RTP packets corresponding to one of several fixed available PDU sizes [2]. Hence a RTP packet is completely contained in a single PDU. To enable this mode of operation all possible PDU sizes need to be specified 


When multiple PDU sizes are specified, each RTP packet is expected to be transmitted in a single PDU. One mask is read for each RTP packet and the smallest PDU that can contain the entire RTP packet is considered lost over the physical layer.  



In EBR mode the PDUs themselves provide framing information, hence PPP is not required for EBR. Hence the packet size expansion feature due to PPP has been turned off in the network simulator.



The modified VCEG network simulator is presented in Appendix A.



3 Conclusions



This contribution presents network simulator and packet error masks for characterizing video codecs in 3GPP services. Packet error masks for different conditions were documented. Modifications to VCEG network simulator required to use these error masks were mentioned. Also, the modifications to enable the use of simulator for channels that support multiple PDU sizes were presented.


4 References



[1] VCEG-M77.doc


[2] Tdoc S4-040477, “Video delivery on 3GPP bearers for low delay applications”


Appendix A



The VCEG software simulator along with modifications is included in the attached zip file


Appendix B: Error masks


The attached zip file contains the following error masks 



Table 2 List of all error masks



			MBMS_128kbps_80ms_BLER_0_5.txt





			MBMS_128kbps_80ms_BLER_1_0.txt





			MBMS_128kbps_80ms_BLER_1_5.txt





			MBMS_16kbps_80ms_BLER_0_5.txt





			MBMS_16kbps_80ms_BLER_1_0.txt





			MBMS_16kbps_80ms_BLER_1_5.txt





			MBMS_32kbps_80ms_BLER_0_5.txt





			MBMS_32kbps_80ms_BLER_1_0.txt





			MBMS_32kbps_80ms_BLER_1_5.txt





			MBMS_48kbps_80ms_BLER_0_5.txt





			MBMS_48kbps_80ms_BLER_1_0.txt





			MBMS_48kbps_80ms_BLER_1_5.txt





			MBMS_64kbps_80ms_BLER_0_5.txt





			MBMS_64kbps_80ms_BLER_1_0.txt





			MBMS_64kbps_80ms_BLER_1_5.txt





			MBMS_64kbps_80ms_BLER_10_.txt





			PSC__128kbps_20ms_BLER_0_5.txt





			PSC__128kbps_20ms_BLER_1_0.txt





			PSC__128kbps_20ms_BLER_1_5.txt





			PSC__16kbps_20ms_BLER_0_5.txt





			PSC__16kbps_20ms_BLER_1_0.txt





			PSC__16kbps_20ms_BLER_1_5.txt





			PSC__32kbps_20ms_BLER_0_5.txt





			PSC__32kbps_20ms_BLER_1_0.txt





			PSC__32kbps_20ms_BLER_1_5.txt





			PSC__48kbps_20ms_BLER_0_5.txt





			PSC__48kbps_20ms_BLER_1_0.txt





			PSC__48kbps_20ms_BLER_1_5.txt





			PSC__64kbps_20ms_BLER_0_5.txt





			PSC__64kbps_20ms_BLER_1_0.txt





			PSC__64kbps_20ms_BLER_1_5.txt








Appendix C: Generation of PDU loss Error Masks



This section presents the methodology used to generate PDU loss error masks.



Modelling Methodology



Frame decoding error events are generated in a link-level simulation. A link-level simulation is run and the decoding successes of each TTI block are recorded in the form of ‘0’ and ‘1’ for each TTI, thereby producing an “error mask”. The error mask is then fed into the video simulation to model air interface errors. In those simulations all the bits carried in an application layer packet containing the PDU are discarded when the error mask indicated that the block is in error. This is typically one RTP/UDP/IP packet containing the block that was in error. 



The error masks are generated with 16kbps, 32kbps, 48kbps, 64kbps and 128kbps.  The MBMS services can be transmitted on physical channel S-CCPCH or DPDCH. The difference between S-CCPCH and DPDCH is given as follows:



· S-CCPCH: No power control is assumed and the Node-B is sending with constant power. Single transport channel mapping is assumed, i.e., all bits on S-CCPCH are used for MBMS. Spreading factor and number of symbols per slot are given in Table 1.



Table 1 S-CCPCH channel parameters



			Rate


			Spreading Factor


			Slot Format


			S-CCPCH Bits/80ms TTI





			16kbps


			128


			6


			4560





			32kbps


			64


			8


			8640





			48kbps


			32


			10


			18240





			64kbps


			32


			10


			18240





			128kbps


			16


			12


			37440








· DPDCH: Both inner loop and outer loop power control are enabled.  MBMS services are mapped to DTCH, while signalling messages are sent on DCCH. DTCH and DCCH are physically transmitted on DPDCH. In this simulation it is assumed that DCCH is always present and DCCH rate is 3.4kbps as given in 34.108[1]. Rate matching attributes for DTCH and DCCH are assumed to be the same, in other words, the code rate of DTCH and DCCH are the same.



Table 1 DPDCH channel parameters



			Rate


			Spreading Factor


			DTCH Bits/20ms TTI





			16kbps


			64


			766





			32kbps


			64


			1592





			48kbps


			32


			3861





			64kbps


			32


			3939





			128kbps


			16


			8361








The channel model is case 2 channel from 25.101[2]. The channel profile is given in Table 3.



Table 3 Propagation Channel Models



			Case 2, speed 3 km/h





			Relative delay [ns]


			Relative mean power [dB]





			0


			0





			976


			0





			20000


			0








Geometry: -3 dB.



· The geometry is the ratio of the average total received power from the cells in the active set to the average of all other received power. The geometry is therefore some measure of the location of the user, in term of C/I.



· -3dB geometry corresponds to greater than 90% cell coverage.



Active set size: 1



· In the case if the user does see more than 1 cell in the active set, selection combining or soft combining can be used to achieve better performance.



· S-CCPCH: the operating Tx power yields 0.5%, 1%, 1.5% and 10% BLER



· DPDCH: Outer-loop target BLER: 0.5%, 1% and 1.5%
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bin/rtp_16.iff





bin/rtp_20.iff





bin/rtp_24.iff





bin/rtp_32.iff





bin/rtp_40.iff





bin/rtp_48.iff





bin/rtp_loss_rate

declare -x LC_ALL=C



if [ $# -eq 2 ]

then

	if test -f help.tmp

	then

		rm help.tmp

	fi

	echo -n '' > help.tmp

	

	i=0

	while [ $i -lt 32 ]

	do

		sa4sim.exe -p RandomSeed=$i -p Bearer=$1 -p RTPinfile="rtp_$2.iff" -p StatFile="stat.txt" > /dev/null

		result=`tail -n 1 stat.txt`

		j=0

		while [ $j -lt 20 ]

		do

			result=`echo $result | sed -e 's/|/ /'`

			result=`echo $result | sed -e 's/not used/ /'`

			result=`echo $result | sed -e 's/na/ /'`

			result=`echo $result | sed -e 's/ms//'`

			j=`expr $j + 1`

		done

		# Write some output

		echo $result >> help.tmp

		echo $result

		i=`expr $i + 1`

	done

	awk '{ t++; pdu+=$6; br+=$7; rtp+=$12 } END { printf("%lf\t%lf\t%lf\n", pdu/t, br/t, rtp/t)}' help.tmp

else

	echo 'rtp_loss_rate <Bearer> <Bitrate>'

fi






bin/sa4sim.cfg

RTPinfile		= "rtp_16.iff"   # Input File

RTPoutfile		= "outfile.iff"  # Output File

LogFile		= "log.txt"      # Log File

Bearer		= 1		     # Bearer Number

RandomSeed		= 0		     # Random Seed	

ErrorFreeRTP	= 0		     # Number of error-free RTPs

TSModeSender	= 2		     # 1 ignore TS at transmitter; 0 use TS, send dummy; 2 same as 0, non-alignment

StatFile		= "stat.dat"     # Statistics File








obj/configfile.o





obj/loss_generator.o





obj/packet_data_agent.o





obj/radio_link_agent.o





obj/sa4sim.o




