TTA PG707

C-Code for Report ITU-R M.2135 Channel Model Implementation
1
Introduction

Report ITU-R M.2135 has been agreed as the guideline for the evaluation of IMT-Advanced candidate RITs/SRITs. One of the key ideas in Report ITU-R M.2135 is how to generate the channel model used in the system-level simulation, and the Matlab® functions implementing the channel model in Report ITU-R M.2135 are available in [1]. TTA PG 707 provides the equivalent implementation in C in this contribution.
This contribution covers the current version of Report ITU-R M.2135 radio channel model. The implementation has been developed for convenience and it runs on ANSI C environment, and is available as attachment. More importantly, the channel implementation is analysed by the deterministic blocks and numerous independent random numbers. The functional operations of the C-code in this contribution are verified against the ones in Matlab® functions [1], so therefore the statistical characteristics of the C-code outputs are the same as the one from the Matlab® functions [1].

2
Software package

The attached file contains C functions and documentation for the Report ITU-R M.2135 IMT‑Advanced channel model. The functions and documents have been packed by the WinZip® program.
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channel.cpp

#include "common.h"
#include "const.h"
#include "channel.h"

//void StaticGainGeneration(int, double *, LOCATION *) ;
void Set_Scenario_Environment() ;
void Setup_Network_Layout() ;
void Assign_UE_Location(int) ;
void Compute_Indoor_Location(int) ;
void Compute_Outdoor_Location(int) ;
void Set_PathLoss_Parameters(int, int) ;
void Determine_LOS(int, int) ;
void Set_Correlation_Matrix(int, int) ;
void Compute_PathLoss(int, int);
void Set_Shadowing(int, int) ;
//void FadingChannelGeneration( int, int, int, int ) ;
void Set_Delay_Parameters(int) ;
void Set_AoAAoD_Parameters(int) ;
void Set_Num_Path(int, int) ;
void Set_Cluster_Delay(int, int, int, int) ;
void Sort_Delay(int, int, int, int) ;
void Set_Cluster_Power(int, int, int, int) ;
void Scaling_Delay(int, int, int, int) ;
void Generate_AoAAoD(int, int, int, int);
void Set_Subclusters(int, int, int, int) ;
void Find_Max_idx(int, int, int, int) ;
void Sort_clusters(int, int, int, int) ;
void Generate_XPR(int, int, int, int) ;
void SetInitialPhase(int, int, int, int);
//void ChannelSampleGeneration(int, int, int, int) ;
void Compute_Channel_Coef(int, int, int, int, int) ;
//void Size_Channel_Parameters( void ) ;

/*===================================================================
FUNCTION: StaticGainGeneration()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Generate static gains.

NOTES: ...
   
===================================================================*/
void StaticGainGeneration( int self_idx, double * static_gain , LOCATION * coordinate )
{
  Set_Scenario_Environment() ;
  Setup_Network_Layout() ;
  Assign_UE_Location(self_idx) ;

  for(int sec_idx = 0; sec_idx < NUM_SECTORS; sec_idx++)
  {
    Determine_LOS(self_idx, sec_idx) ;
    Set_PathLoss_Parameters(self_idx, sec_idx) ;
    Compute_PathLoss(self_idx, sec_idx);
    Set_Shadowing(self_idx, sec_idx) ;
    antenna[ sec_idx ] = -MIN( 12. * pow((ue2sector_angle[self_idx][sec_idx]/ANGLE_3dB_h),2) , 20. );
        // This equation comes from 8.5.1.1 (2) in dB
    static_gain[ sec_idx ] = - ( shadowing + path_loss[ sec_idx ] ) ;
  } 
  (*coordinate).x = location_x;
  (*coordinate).y = location_y;
}


/*===================================================================
FUNCTION: Set_Scenario_Environment()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up the environment of each scenario

NOTES: Output are site2site_distance in [m],
                  carrier_freq in [GHz],
                  speed_UE in [m/s].
   
===================================================================*/
void Set_Scenario_Environment()
{  
  if ( scenario == INDOOR_HOTSPOT ) 
  {                              
    carrier_freq = 3.4 * 1000000000. ; 
    K_mu = 7. ;
    K_sigma = 4. ;
    speed_UE = 3. * 1000. /3600. ;
  }
  else if ( scenario == URBAN_MACRO )
  {
    site2site_distance = 500. ;
    carrier_freq = 2.0 * 1000000000. ;
    K_mu = 9. ;
    K_sigma = 3.5 ;
    speed_UE = 30. * 1000. /3600. ;
  }
  else if ( scenario == URBAN_MICRO || scenario == OUTDOOR_2_INDOOR ) 
  { 
    site2site_distance = 200. ; 
    carrier_freq = 2.5 * 1000000000. ; 
    K_mu = 9. ;
    K_sigma = 5. ;
    speed_UE = 3. * 1000. /3600. ;
  }
  else if ( scenario == RURAL_MACRO ) 
  { 
    site2site_distance = 1732. ; 
    carrier_freq = 0.8 * 1000000000. ; 
    K_mu = 7. ;
    K_sigma = 4. ;
    speed_UE = 120. * 1000. /3600. ;
  }
  else if ( scenario == SUBURBAN_MACRO ) 
  { 
    site2site_distance = 1299. ; 
    carrier_freq = 2.0 * 1000000000. ; 
    K_mu = 9. ;
    K_sigma = 7. ;
    speed_UE = 90. * 1000. /3600. ;
  }
  else                         
  { 
    cerr << "Unspeficied scenario" << endl ; 
  }
}


/*===================================================================
FUNCTION: Setup_Network_Layout()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up the network layout
             
NOTES: 
   
===================================================================*/
void Setup_Network_Layout()
{
  if ( scenario == INDOOR_HOTSPOT )
  {
    do
    {
      location_x = 120. * Rand.u() - 60. ;
      location_y = 50. * Rand.u() - 25. ;
    }while( sqrt( (location_x-30)*(location_x-30) + location_y*location_y ) < 3.
            || sqrt( (location_x+30)*(location_x+30) + location_y*location_y ) < 3. ) ;
  }
  else
  {
    do
    {
      location_x = 0.5 * site2site_distance * Rand.u() ;
      location_y = (site2site_distance / sqrt(3.)) * Rand.u() ;
    }while( location_y > (-location_x + site2site_distance) / sqrt(3.)
            || sqrt(location_x*location_x + location_y*location_y) < 10. ) ;
    
    int section ;
    section = (int) (4 * Rand.u()) ; 
    if ( section % 4 == 1 )
    {
      location_x = -location_x ;
    }
    else if ( section % 4 == 2 )
    {
      location_y = -location_y ;
    }
    else if ( section % 4 == 3 )
    {
      location_x = -location_x ;
      location_y = -location_y ;
    }
  }
}


/*===================================================================
FUNCTION: Assign_UE_Location()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Compute distance and angle of UE to sectors

NOTES: Output are ue2sector_distance in [m], 
                  ue2sector_angle.
   
===================================================================*/
void Assign_UE_Location(int self_idx)
{
  if ( scenario == INDOOR_HOTSPOT )
  {
    Compute_Indoor_Location(self_idx) ;
  }
  else
  {
    Compute_Outdoor_Location(self_idx) ;
  }
  for(int sec_idx = 0; sec_idx < NUM_SECTORS; sec_idx++ )
  {
    if( ue2sector_angle[ self_idx ][ sec_idx ] > 180. )
    {
      ue2sector_angle[ self_idx ][ sec_idx ] = ue2sector_angle[ self_idx ][ sec_idx ] - 360. ;
    }
  }
  travel_angle[self_idx] = 360. * Rand.u() - 180. ;
}

/*===================================================================
FUNCTION: Compute_Indoor_Location()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Compute distance and angle of UE to cells in indoor environment

NOTES: 
   
===================================================================*/
void Compute_Indoor_Location(int self_idx)
{
  distance_x = location_x + 30. ;
  distance_y = location_y ;
  ue2sector_distance[ self_idx ][0] = sqrt( distance_x * distance_x + distance_y * distance_y ) ;   
  ue2sector_angle[ self_idx ][0] = atan2( distance_y, distance_x ) * 180. / PI ;

  distance_x = location_x - 30. ;
  distance_y = location_y ;
  ue2sector_distance[ self_idx ][1] = sqrt( distance_x * distance_x + distance_y * distance_y ) ;   
  ue2sector_angle[ self_idx ][1] = atan2( distance_y, distance_x ) * 180. / PI ;
}

/*===================================================================
FUNCTION: Compute_Outdoor_Location()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Compute distance and angle of UE to cells in Outdoor environment 

NOTES: 
   
===================================================================*/
void Compute_Outdoor_Location(int self_idx)    
{
  int mycell = (int)( 18.9999 * Rand.u() ) ;
  int cell_idx = 0 ;
  int cell_num ;
    
  for(int height = 0; height < 5; height++)
  {
    int vert = 2 - height ;
    int num_horiz = 5 - abs( vert ) ;
    for(int horiz = 0; horiz < num_horiz; horiz++)
    {
      distance_x = location_x - ( horiz - 2. + 0.5 * abs(vert) ) * site2site_distance ;
      distance_y = location_y - vert * sqrt(3.0) * site2site_distance / 2. ;
      cell_num = wrap[ mycell ][ cell_idx ] ;
      ue2sector_distance[ self_idx ][ 3 * cell_num ] = sqrt( distance_x * distance_x + distance_y * distance_y ) ;   
      ue2sector_angle[ self_idx ][ 3* cell_num ] = atan2( distance_y, distance_x ) * 180. / PI ;
      cell_idx++ ;
    }
  }
  for(int cell_num = 0; cell_num < NUM_SECTORS/3; cell_num++)
  {
    ue2sector_distance[ self_idx ][ 3 * cell_num + 1 ] = ue2sector_distance[ self_idx ][ 3 * cell_num ] ;
    ue2sector_distance[ self_idx ][ 3 * cell_num + 2 ] = ue2sector_distance[ self_idx ][ 3 * cell_num ] ;
    ue2sector_angle[ self_idx ][ 3 * cell_num + 1 ] = ue2sector_angle[ self_idx ][ 3 * cell_num ] + 120. ;
    ue2sector_angle[ self_idx ][ 3 * cell_num + 2 ] = ue2sector_angle[ self_idx ][ 3 * cell_num ] + 240. ;
  }
}

/*===================================================================
FUNCTION: Determine_LOS()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Determine LOS

NOTES: 
   
===================================================================*/
void Determine_LOS(int self_idx, int sec_idx)
{
  indoor[self_idx][sec_idx] = false ;
  if ( los_type == NLOS || scenario == OUTDOOR_2_INDOOR )
  {
  	los[self_idx][sec_idx] = false ;
  }
  else if ( los_type == LOS )
  {
  	los[self_idx][sec_idx] = true ;
  }
  else if ( los_type == RANDOM )
  {
    double LOS_prob ;
    if ( scenario == INDOOR_HOTSPOT )
    {
      if ( ue2sector_distance[self_idx][sec_idx] < 18. )
      {
        LOS_prob = 1. ; 
      }
      else if ( ue2sector_distance[self_idx][sec_idx] < 37. )
      {
        LOS_prob = exp( -( ue2sector_distance[self_idx][sec_idx] - 18. ) / 27. ) ;
      }
      else
      {
        LOS_prob = 0.5 ;
      }
    }
    else if ( scenario == URBAN_MACRO )
    {
      LOS_prob = MIN( 18./ue2sector_distance[self_idx][sec_idx] , 1. ) * ( 1. - exp( -ue2sector_distance[self_idx][sec_idx]/63. ) ) 
                 + exp( -ue2sector_distance[self_idx][sec_idx]/63. );
    }
    else if ( scenario == URBAN_MICRO )
    {
      if( Rand.u() < 0.5 )
      {
        LOS_prob = 0. ;
        indoor[self_idx][sec_idx] = true ;
      }
      else
      {
        LOS_prob = MIN( 18./ue2sector_distance[self_idx][sec_idx] , 1. ) * ( 1. - exp( -ue2sector_distance[self_idx][sec_idx]/36. ) ) 
                   + exp( -ue2sector_distance[self_idx][sec_idx]/36. );
      }
    }
    else if ( scenario == RURAL_MACRO )
    {
      LOS_prob = exp( -( ue2sector_distance[self_idx][sec_idx] - 10. ) / 1000. ) ;
    }
    else if ( scenario == SUBURBAN_MACRO )
    {
      LOS_prob = exp ( -( ue2sector_distance[self_idx][sec_idx] - 10. ) / 200. ) ;
    }
    else
    {
      cerr << "Unspeficied scenario" << endl ;
    } 
         // Thses equations come from Table A1-3

    if ( Rand.u() < LOS_prob )
    {
      los[self_idx][sec_idx] = true ;
    }
    else
    {
      los[self_idx][sec_idx] = false ;
    }
  }
  
  Set_Correlation_Matrix(self_idx, sec_idx) ;

  if( los[self_idx][sec_idx] == true )
  {
    double cross_corr = 0 ;
    for( int idx = 0; idx < 5; idx++ )
    {
      cross_corr = cross_corr + sqrt_corr_matrix[4][idx] * random_number[self_idx][sec_idx][idx] ;
    }
    Ricean_K[ self_idx ][ sec_idx ] = K_mu + K_sigma * cross_corr ;
           // This equation come from 1.3.2.1 (1.7)
  }
  else
  {
    Ricean_K[ self_idx ][ sec_idx ] = 0. ;
  }
}


/*===================================================================
FUNCTION: Set_Correlation_Matrix()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up the parameters of cross-correlation

NOTES: 
   
===================================================================*/
void Set_Correlation_Matrix(int self_idx, int sec_idx)
{
  if (scenario == INDOOR_HOTSPOT)
  {
    if ( los[self_idx][sec_idx] == true )
    {
      sqrt_corr_matrix[0][0] =  0.6212; sqrt_corr_matrix[0][1] =  0.3270; sqrt_corr_matrix[0][2] =  0.4985; sqrt_corr_matrix[0][3] = -0.3974; sqrt_corr_matrix[0][4] = -0.3174; 
      sqrt_corr_matrix[1][0] =  0.3270; sqrt_corr_matrix[1][1] =  0.9236; sqrt_corr_matrix[1][2] =  0.1152; sqrt_corr_matrix[1][3] = -0.1486; sqrt_corr_matrix[1][4] =  0.0682; 
      sqrt_corr_matrix[2][0] =  0.4985; sqrt_corr_matrix[2][1] =  0.1152; sqrt_corr_matrix[2][2] =  0.8321; sqrt_corr_matrix[2][3] = -0.1836; sqrt_corr_matrix[2][4] =  0.1103; 
      sqrt_corr_matrix[3][0] = -0.3974; sqrt_corr_matrix[3][1] = -0.1486; sqrt_corr_matrix[3][2] = -0.1836; sqrt_corr_matrix[3][3] =  0.8568; sqrt_corr_matrix[3][4] =  0.2287; 
      sqrt_corr_matrix[4][0] = -0.3174; sqrt_corr_matrix[4][1] =  0.0682; sqrt_corr_matrix[4][2] =  0.1103; sqrt_corr_matrix[4][3] =  0.2287; sqrt_corr_matrix[4][4] =  0.9111; 
    }
    else
    {
      sqrt_corr_matrix[0][0] =  0.9372; sqrt_corr_matrix[0][1] =  0.2136; sqrt_corr_matrix[0][2] = -0.0313; sqrt_corr_matrix[0][3] = -0.2739; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] =  0.2136; sqrt_corr_matrix[1][1] =  0.9764; sqrt_corr_matrix[1][2] =  0.0069; sqrt_corr_matrix[1][3] =  0.0313; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] = -0.0313; sqrt_corr_matrix[2][1] =  0.0069; sqrt_corr_matrix[2][2] =  0.9764; sqrt_corr_matrix[2][3] = -0.2136; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.2739; sqrt_corr_matrix[3][1] =  0.0313; sqrt_corr_matrix[3][2] = -0.2136; sqrt_corr_matrix[3][3] =  0.9372; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.0000; sqrt_corr_matrix[4][4] =  1.0000; 
    }
  }
  else if ( scenario == URBAN_MACRO )
  {
    if ( los[self_idx][sec_idx] == true )
    {
      sqrt_corr_matrix[0][0] =  0.8063; sqrt_corr_matrix[0][1] =  0.2450; sqrt_corr_matrix[0][2] =  0.4792; sqrt_corr_matrix[0][3] = -0.1204; sqrt_corr_matrix[0][4] = -0.2138; 
      sqrt_corr_matrix[1][0] =  0.2450; sqrt_corr_matrix[1][1] =  0.9241; sqrt_corr_matrix[1][2] = -0.1086; sqrt_corr_matrix[1][3] = -0.2716; sqrt_corr_matrix[1][4] =  0.0218; 
      sqrt_corr_matrix[2][0] =  0.4792; sqrt_corr_matrix[2][1] = -0.1086; sqrt_corr_matrix[2][2] =  0.8257; sqrt_corr_matrix[2][3] = -0.2716; sqrt_corr_matrix[2][4] = -0.0556; 
      sqrt_corr_matrix[3][0] = -0.1204; sqrt_corr_matrix[3][1] = -0.2716; sqrt_corr_matrix[3][2] = -0.2716; sqrt_corr_matrix[3][3] =  0.9152; sqrt_corr_matrix[3][4] = -0.0185; 
      sqrt_corr_matrix[4][0] = -0.2138; sqrt_corr_matrix[4][1] =  0.0218; sqrt_corr_matrix[4][2] =  0.0556; sqrt_corr_matrix[4][3] = -0.0185; sqrt_corr_matrix[4][4] =  0.9749; 
    }
    else
    {
      sqrt_corr_matrix[0][0] =  0.9139; sqrt_corr_matrix[0][1] =  0.1477; sqrt_corr_matrix[0][2] =  0.3180; sqrt_corr_matrix[0][3] = -0.2044; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] =  0.1477; sqrt_corr_matrix[1][1] =  0.9139; sqrt_corr_matrix[1][2] =  0.2044; sqrt_corr_matrix[1][3] = -0.3180; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] =  0.3180; sqrt_corr_matrix[2][1] =  0.2044; sqrt_corr_matrix[2][2] =  0.9231; sqrt_corr_matrix[2][3] =  0.0704; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.2044; sqrt_corr_matrix[3][1] = -0.3180; sqrt_corr_matrix[3][2] =  0.0704; sqrt_corr_matrix[3][3] =  0.9231; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.0000; sqrt_corr_matrix[4][4] =  1.0000; 
    }
  }
  else if ( scenario == URBAN_MICRO && indoor[self_idx][sec_idx] == false )
  {
    if ( los[self_idx][sec_idx] == true )
    {
      sqrt_corr_matrix[0][0] =  0.7531; sqrt_corr_matrix[0][1] =  0.2410; sqrt_corr_matrix[0][2] =  0.4541; sqrt_corr_matrix[0][3] = -0.0972; sqrt_corr_matrix[0][4] = -0.3989; 
      sqrt_corr_matrix[1][0] =  0.2410; sqrt_corr_matrix[1][1] =  0.9294; sqrt_corr_matrix[1][2] =  0.1380; sqrt_corr_matrix[1][3] = -0.2424; sqrt_corr_matrix[1][4] = -0.0208; 
      sqrt_corr_matrix[2][0] =  0.4541; sqrt_corr_matrix[2][1] =  0.1380; sqrt_corr_matrix[2][2] =  0.8615; sqrt_corr_matrix[2][3] = -0.1756; sqrt_corr_matrix[2][4] = -0.0414; 
      sqrt_corr_matrix[3][0] = -0.0972; sqrt_corr_matrix[3][1] = -0.2424; sqrt_corr_matrix[3][2] = -0.1756; sqrt_corr_matrix[3][3] =  0.9157; sqrt_corr_matrix[3][4] =  0.2499; 
      sqrt_corr_matrix[4][0] = -0.3989; sqrt_corr_matrix[4][1] = -0.0208; sqrt_corr_matrix[4][2] = -0.0414; sqrt_corr_matrix[4][3] =  0.2499; sqrt_corr_matrix[4][4] =  0.8811; 
    }
    else
    {
      sqrt_corr_matrix[0][0] =  0.9135; sqrt_corr_matrix[0][1] =  0.0000; sqrt_corr_matrix[0][2] =  0.1780; sqrt_corr_matrix[0][3] = -0.3658; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] =  0.0000; sqrt_corr_matrix[1][1] =  1.0000; sqrt_corr_matrix[1][2] =  0.0000; sqrt_corr_matrix[1][3] =  0.0000; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] =  0.1780; sqrt_corr_matrix[2][1] =  0.0000; sqrt_corr_matrix[2][2] =  0.9678; sqrt_corr_matrix[2][3] = -0.1780; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.3658; sqrt_corr_matrix[3][1] =  0.0000; sqrt_corr_matrix[3][2] = -0.1780; sqrt_corr_matrix[3][3] =  0.9135; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.0000; sqrt_corr_matrix[4][4] =  1.0000; 
    }
  }
  else if (scenario == RURAL_MACRO)
  {
    if ( los[self_idx][sec_idx] == true )
    {
      sqrt_corr_matrix[0][0] =  0.9659; sqrt_corr_matrix[0][1] =  0.0000; sqrt_corr_matrix[0][2] =  0.0000; sqrt_corr_matrix[0][3] = -0.2588; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] =  0.0000; sqrt_corr_matrix[1][1] =  1.0000; sqrt_corr_matrix[1][2] =  0.0000; sqrt_corr_matrix[1][3] =  0.0000; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] =  0.0000; sqrt_corr_matrix[2][1] =  0.0000; sqrt_corr_matrix[2][2] =  1.0000; sqrt_corr_matrix[2][3] =  0.0000; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.2588; sqrt_corr_matrix[3][1] =  0.0000; sqrt_corr_matrix[3][2] =  0.0000; sqrt_corr_matrix[3][3] =  0.9659; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.0000; sqrt_corr_matrix[4][4] =  1.0000; 
    }
    else
    {
      sqrt_corr_matrix[0][0] =  0.9556; sqrt_corr_matrix[0][1] = -0.1735; sqrt_corr_matrix[0][2] =  0.0000; sqrt_corr_matrix[0][3] = -0.2384; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] = -0.1735; sqrt_corr_matrix[1][1] =  0.9380; sqrt_corr_matrix[1][2] =  0.0000; sqrt_corr_matrix[1][3] =  0.3001; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] =  0.0000; sqrt_corr_matrix[2][1] =  0.0000; sqrt_corr_matrix[2][2] =  1.0000; sqrt_corr_matrix[2][3] =  0.0000; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.2384; sqrt_corr_matrix[3][1] =  0.3001; sqrt_corr_matrix[3][2] =  0.0000; sqrt_corr_matrix[3][3] =  0.9237; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.0000; sqrt_corr_matrix[4][4] =  1.0000; 
    }
  }
  else if (scenario == SUBURBAN_MACRO)
  {
    if ( los[self_idx][sec_idx] == true )
    {
      sqrt_corr_matrix[0][0] =  0.8540; sqrt_corr_matrix[0][1] = -0.0407; sqrt_corr_matrix[0][2] =  0.4238; sqrt_corr_matrix[0][3] = -0.2989; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] = -0.0407; sqrt_corr_matrix[1][1] =  0.9588; sqrt_corr_matrix[1][2] = -0.0234; sqrt_corr_matrix[1][3] = -0.2803; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] =  0.4238; sqrt_corr_matrix[2][1] = -0.0234; sqrt_corr_matrix[2][2] =  0.8795; sqrt_corr_matrix[2][3] = -0.2151; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.2989; sqrt_corr_matrix[3][1] = -0.2803; sqrt_corr_matrix[3][2] = -0.2151; sqrt_corr_matrix[3][3] =  0.8865; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.0000; sqrt_corr_matrix[4][4] =  1.0000; 
    }
    else
    {
      sqrt_corr_matrix[0][0] =  0.8889; sqrt_corr_matrix[0][1] = -0.0287; sqrt_corr_matrix[0][2] =  0.3941; sqrt_corr_matrix[0][3] = -0.2318; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] = -0.0287; sqrt_corr_matrix[1][1] =  0.9769; sqrt_corr_matrix[1][2] =  0.0116; sqrt_corr_matrix[1][3] = -0.2116; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] =  0.3941; sqrt_corr_matrix[2][1] =  0.0116; sqrt_corr_matrix[2][2] =  0.9176; sqrt_corr_matrix[2][3] =  0.0503; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.2318; sqrt_corr_matrix[3][1] = -0.2116; sqrt_corr_matrix[3][2] =  0.0503; sqrt_corr_matrix[3][3] =  0.9481; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.0000; sqrt_corr_matrix[4][4] =  1.0000; 
    }
  }
  else if (scenario == OUTDOOR_2_INDOOR || indoor[self_idx][sec_idx] == true )
  {
      sqrt_corr_matrix[0][0] =  0.8970; sqrt_corr_matrix[0][1] =  0.2419; sqrt_corr_matrix[0][2] =  0.2236; sqrt_corr_matrix[0][3] = -0.2949; sqrt_corr_matrix[0][4] =  0.0000; 
      sqrt_corr_matrix[1][0] =  0.2419; sqrt_corr_matrix[1][1] =  0.9592; sqrt_corr_matrix[1][2] = -0.0307; sqrt_corr_matrix[1][3] =  0.1432; sqrt_corr_matrix[1][4] =  0.0000; 
      sqrt_corr_matrix[2][0] =  0.2236; sqrt_corr_matrix[2][1] = -0.0307; sqrt_corr_matrix[2][2] =  0.9735; sqrt_corr_matrix[2][3] =  0.0378; sqrt_corr_matrix[2][4] =  0.0000; 
      sqrt_corr_matrix[3][0] = -0.2949; sqrt_corr_matrix[3][1] =  0.1432; sqrt_corr_matrix[3][2] =  0.0367; sqrt_corr_matrix[3][3] =  0.9440; sqrt_corr_matrix[3][4] =  0.0000; 
      sqrt_corr_matrix[4][0] =  0.0000; sqrt_corr_matrix[4][1] =  0.0000; sqrt_corr_matrix[4][2] =  0.0000; sqrt_corr_matrix[4][3] =  0.2499; sqrt_corr_matrix[4][4] =  1.0000; 
  }
  else
  {
    cerr << "Unspeficied scenario" << endl ;
  } 
}


/*===================================================================
FUNCTION: Set_PathLoss_Parameters()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up parameters of Path Loss

NOTES:
   
===================================================================*/
void Set_PathLoss_Parameters(int self_idx, int sec_idx)
{
  if ( scenario == INDOOR_HOTSPOT )
  {
    h_BS = 6.; h_MS = 1.5;
  }
  else if ( scenario == URBAN_MACRO )
  {
    h_BS = 25.; h_MS = 1.5; h = 20.; W = 20.;
    break_point_distance = 4. * ( h_BS - 1. ) * ( h_MS - 1. ) * carrier_freq / SPEED_LIGHT;
  }
  else if ( scenario == URBAN_MICRO && indoor[self_idx][sec_idx] == false )
  {
    h_BS = 10.; h_MS = 1.5;
    break_point_distance = 4. * ( h_BS - 1. ) * ( h_MS - 1. ) * carrier_freq / SPEED_LIGHT;
  }
  else if ( scenario == RURAL_MACRO )
  {
    h_BS = 35.; h_MS = 1.5; h = 5.; W = 20.;
    break_point_distance = 2. * PI * h_BS * h_MS * carrier_freq / SPEED_LIGHT;
  }
  else if ( scenario == SUBURBAN_MACRO )
  {
    h_BS = 35.; h_MS = 1.5; h = 10.; W = 20.;
    break_point_distance = 2. * PI * h_BS * h_MS * carrier_freq / SPEED_LIGHT;
  }
  else if ( scenario == OUTDOOR_2_INDOOR || indoor[self_idx][sec_idx] == true )
  {
    h_BS = 10.; h_MS = 1.5; W = 20.;
    break_point_distance = 4. * ( h_BS - 1. ) * ( h_MS - 1. ) * carrier_freq / SPEED_LIGHT;
  }
  else
  {
    cerr << "Unspeficied scenario" << endl ;
  } 
}
        // These parameters come from Table A1-2 in m


/*===================================================================
FUNCTION: Compute_PathLoss()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Compute the Path Loss 

NOTES: Output is a path_loss in [dB]
   
===================================================================*/
void Compute_PathLoss(int self_idx, int sec_idx)
{
  if ( los[self_idx][sec_idx] == true )
  {
    if ( scenario == INDOOR_HOTSPOT )
    {
      path_loss[sec_idx] = 16.9*log10( ue2sector_distance[self_idx][sec_idx] ) + 32.8 + 20.*log10( carrier_freq / 1000000000. ) ;
    }
    else if ( scenario == URBAN_MACRO )
    {
      if ( 10. < ue2sector_distance[self_idx][sec_idx]
             && ue2sector_distance[self_idx][sec_idx] < break_point_distance)
      {
        path_loss[sec_idx] = 22.*log10( ue2sector_distance[self_idx][sec_idx] ) + 28. + 20.*log10( carrier_freq / 1000000000. );
      }
      else if ( break_point_distance < ue2sector_distance[self_idx][sec_idx]
              && ue2sector_distance[self_idx][sec_idx] < 5000.)
      {
        double d_1 = ue2sector_distance[self_idx][sec_idx] ;
                  // the distance from the BS to the centre of the perpendicular street in Manhattan grid
        path_loss[sec_idx] = 40. * log10( d_1 ) + 7.8 - 18.*log10( h_BS - 1. ) - 18.*log10( h_MS - 1. ) + 2.*log10( carrier_freq / 1000000000. );
      }
    }
    else if ( scenario == URBAN_MICRO && indoor[self_idx][sec_idx] == false )
    {
      if ( 10. < ue2sector_distance[self_idx][sec_idx]
             && ue2sector_distance[self_idx][sec_idx] < break_point_distance)
      {
        path_loss[sec_idx] = 22.*log10( ue2sector_distance[self_idx][sec_idx] ) + 28. + 20.*log10( carrier_freq / 1000000000. );
      }
      else if ( break_point_distance < ue2sector_distance[self_idx][sec_idx]
              && ue2sector_distance[self_idx][sec_idx] < 5000.)
      {
        double d_1 = ue2sector_distance[self_idx][sec_idx] ;
                  // the distance from the BS to the centre of the perpendicular street in Manhattan grid
        path_loss[sec_idx] = 40. * log10( d_1 ) + 7.8 - 18.*log10( h_BS - 1. ) - 18.*log10( h_MS - 1. ) + 2.*log10( carrier_freq / 1000000000. );
      }
    }
    else if ( scenario == RURAL_MACRO || scenario == SUBURBAN_MACRO )
    {
      if ( 10. < ue2sector_distance[self_idx][sec_idx] 
             && ue2sector_distance[self_idx][sec_idx]< break_point_distance)
      {
        path_loss[sec_idx] = 20.*log10( 40. * PI * ue2sector_distance[self_idx][sec_idx] * carrier_freq / 1000000000. / 3. )
                             + MIN( 0.03 * pow(h,1.72) , 10. ) * log10( ue2sector_distance[self_idx][sec_idx] )
                             - MIN( 0.044 * pow(h,1.72) , 14.77 ) 
                             + 0.002 * log10(h) * ue2sector_distance[self_idx][sec_idx] ;
      }
      else if ( break_point_distance < ue2sector_distance[self_idx][sec_idx] 
              && ue2sector_distance[self_idx][sec_idx]< 10000.)
      {
        path_loss[sec_idx] = 20.*log10( 40. * PI * break_point_distance * carrier_freq / 1000000000. / 3. )
                             + MIN( 0.03 * pow(h,1.72) , 10. ) * log10( break_point_distance )
                             - MIN( 0.044 * pow(h,1.72) , 14.77 ) 
                             + 0.002 * log10(h) * break_point_distance
                             + 40.*log10( ue2sector_distance[self_idx][sec_idx] / break_point_distance ) ;
      }
    }
    else                         
    { 
      cerr << "Unspeficied scenario" << endl ; 
    } 
  }
  else
  {
    if ( scenario == INDOOR_HOTSPOT )
    {
      path_loss[sec_idx] = 43.3*log10( ue2sector_distance[self_idx][sec_idx] ) + 11.5 + 20.*log10( carrier_freq / 1000000000. ) ;
    }
    else if ( scenario == URBAN_MICRO && indoor[self_idx][sec_idx] == false )
    {
      path_loss[sec_idx] = 36.7*log10( ue2sector_distance[self_idx][sec_idx] ) + 22.7 + 26.*log10( carrier_freq / 1000000000. ) ;
    }
    else if ( scenario == URBAN_MACRO || scenario == RURAL_MACRO || scenario == SUBURBAN_MACRO )
    {
      path_loss[sec_idx] = 161.04 - 7.1*log10(W) + 7.5*log10(h)
                           - ( 24.37 - 3.7 * (h/h_BS) * (h/h_BS) ) * log10(h_BS)
                           + ( 43.42 - 3.1*log10(h_BS) ) * ( log10( ue2sector_distance[self_idx][sec_idx] ) - 3 )
                           + 20.*log10(carrier_freq / 1000000000.)
                           - ( 3.2 * ( log10( 11.75 * h_MS ) ) * ( log10( 11.75 * h_MS ) ) - 4.97 ) ;
    }
    else if (scenario == OUTDOOR_2_INDOOR || indoor[self_idx][sec_idx] == true)
    {
      double d_in = 25. * Rand.u() ;
      double PL_b, PL_tw, PL_in ;
      if ( los_type == NLOS )
      {
        PL_b = 36.7*log10( ue2sector_distance[self_idx][sec_idx] ) + 22.7 + 26.*log10( carrier_freq / 1000000000. ) ;
      }
      else if ( los_type == LOS )
      {
        if ( 10. < ue2sector_distance[self_idx][sec_idx]
               && ue2sector_distance[self_idx][sec_idx] < break_point_distance)
        {
          PL_b = 22.*log10( ue2sector_distance[self_idx][sec_idx] ) + 28. + 20.*log10( carrier_freq / 1000000000. );
        }
        else if ( break_point_distance < ue2sector_distance[self_idx][sec_idx]
                && ue2sector_distance[self_idx][sec_idx] < 5000.)
        {
          double d_1 = ue2sector_distance[self_idx][sec_idx] ;
                    // the distance from the BS to the centre of the perpendicular street in Manhattan grid
          PL_b = 40. * log10( d_1 ) + 7.8 - 18.*log10( h_BS - 1. ) - 18.*log10( h_MS - 1. ) + 2.*log10( carrier_freq / 1000000000. );
        }
      }
      else
      {
        double LOS_prob = MIN( 18./ue2sector_distance[self_idx][sec_idx] , 1. ) * ( 1. - exp( -ue2sector_distance[self_idx][sec_idx]/36. ) ) 
                          + exp( -ue2sector_distance[self_idx][sec_idx]/36. );
        if ( Rand.u() < LOS_prob )
        {
          if ( 10. < ue2sector_distance[self_idx][sec_idx]
                 && ue2sector_distance[self_idx][sec_idx] < break_point_distance)
          {
            PL_b = 22.*log10( ue2sector_distance[self_idx][sec_idx] ) + 28. + 20.*log10( carrier_freq / 1000000000. );
          }
          else if ( break_point_distance < ue2sector_distance[self_idx][sec_idx]
                  && ue2sector_distance[self_idx][sec_idx] < 5000.)
          {
            double d_1 = ue2sector_distance[self_idx][sec_idx] ;
                      // the distance from the BS to the centre of the perpendicular street in Manhattan grid
            PL_b = 40. * log10( d_1 ) + 7.8 - 18.*log10( h_BS - 1. ) - 18.*log10( h_MS - 1. ) + 2.*log10( carrier_freq / 1000000000. );
          }
        }
        else
        {
          PL_b = 36.7*log10( ue2sector_distance[self_idx][sec_idx] ) + 22.7 + 26.*log10( carrier_freq / 1000000000. ) ;
        }
      }
      PL_tw = 20. ;
      PL_in = 0.5 * d_in ;
      path_loss[sec_idx] = PL_b + PL_tw + PL_in ;
    }
    else                         
    { 
      cerr << "Unspeficied scenario" << endl ; 
    }
  }
}
        // These equations come from Table A1-2 in dB


/*===================================================================
FUNCTION: Set_Shadowing()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up the Shadowing 

NOTES: Output is a shadowing [dB]
   
===================================================================*/
void Set_Shadowing(int self_idx, int sec_idx)
{
  if (scenario == INDOOR_HOTSPOT)
  {
    if ( los[self_idx][sec_idx] == true )
    {
      shadowing_sigma = 3.;
    }
    else
    {
      shadowing_sigma = 4.;
    }
  }
  else if ( scenario == URBAN_MACRO )
  {
    if ( los[self_idx][sec_idx] == true )
    {
      shadowing_sigma = 4.;
    }
    else
    {
      shadowing_sigma = 6.;
    }
  }
  else if (scenario == URBAN_MICRO && indoor[self_idx][sec_idx] == false)
  {
    if ( los[self_idx][sec_idx] == true )
    {
      shadowing_sigma = 3.;
    }
    else
    {
      shadowing_sigma = 4.;
    }
  }
  else if (scenario == RURAL_MACRO)
  {
    if ( los[self_idx][sec_idx] == true )
    {
      if ( 10. < ue2sector_distance[self_idx][sec_idx]
             && ue2sector_distance[self_idx][sec_idx] < break_point_distance)
      {
        shadowing_sigma = 4.;
      }
      else if ( break_point_distance < ue2sector_distance[self_idx][sec_idx]
              && ue2sector_distance[self_idx][sec_idx] < 5000.)
      {
        shadowing_sigma = 6.;
      }
    }
    else
    {
      shadowing_sigma = 8.;
    }
  }
  else if (scenario == SUBURBAN_MACRO)
  {
    if ( los[self_idx][sec_idx] == true )
    {
      if ( 10. < ue2sector_distance[self_idx][sec_idx]
             && ue2sector_distance[self_idx][sec_idx] < break_point_distance)
      {
        shadowing_sigma = 4.;
      }
      else if ( break_point_distance < ue2sector_distance[self_idx][sec_idx]
              && ue2sector_distance[self_idx][sec_idx] < 5000.)
      {
        shadowing_sigma = 6.;
      }
    }
    else
    {
      shadowing_sigma = 8.;
    }
  }
  else if (scenario == OUTDOOR_2_INDOOR || indoor[self_idx][sec_idx] == true)
  {
  	shadowing_sigma = 7.;
  }  
  else
  {
    cerr << "Unspeficied scenario" << endl ;
  } 

  double cross_corr = 0 ;
  for( int idx = 0; idx < 5; idx++ )
  {
    cross_corr = cross_corr + sqrt_corr_matrix[3][idx] * random_number[self_idx][sec_idx][idx] ;
  }
  shadowing = shadowing_sigma * cross_corr ;
}
        // This parameter comes from Table A1-7 in dB


/*===================================================================
FUNCTION: FadingChannelGeneration()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Fading Samples are generated and stored

NOTES: ...
   
===================================================================*/
void FadingChannelGeneration( int self_idx, int u, int s, int adj_sec_idx )
{
  my_sector = ue[self_idx].adj_sector[adj_sec_idx] ;

  if( u == 0 && s == 0 )
  {
    Set_Delay_Parameters(self_idx) ;
    Set_AoAAoD_Parameters(self_idx) ;
  }
  Set_Num_Path(self_idx, adj_sec_idx) ;
  Set_Cluster_Delay(self_idx, u, s, adj_sec_idx) ;
  Set_Cluster_Power(self_idx, u, s, adj_sec_idx) ;
  Scaling_Delay(self_idx, u, s, adj_sec_idx) ;
  Generate_AoAAoD(self_idx, u, s, adj_sec_idx) ;
  Set_Subclusters(self_idx, u, s, adj_sec_idx) ;
  Generate_XPR(self_idx, u, s, adj_sec_idx) ;
  SetInitialPhase(self_idx, u, s, adj_sec_idx) ;
}


/*===================================================================
FUNCTION: Set_Delay_Parameters()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up parameters of Delay Spread

NOTES:
   
===================================================================*/
void Set_Delay_Parameters(int self_idx)
{   
  if (scenario == INDOOR_HOTSPOT)
  {
    if ( los[self_idx][my_sector] == true )
    {
      r = 3.6; ds_mu = -7.7; ds_sigma = 0.18;
    }
    else
    {
      r = 3.0; ds_mu = -7.41; ds_sigma = 0.14;
    }
  }
  else if ( scenario == URBAN_MACRO )
  {
    if ( los[self_idx][my_sector] == true )
    {
      r = 2.5; ds_mu = -7.03; ds_sigma = 0.66;
    }
    else
    {
      r = 2.3; ds_mu = -6.44; ds_sigma = 0.39;
    }
  }
  else if (scenario == URBAN_MICRO && indoor[self_idx][my_sector] == false)
  {
    if ( los[self_idx][my_sector] == true )
    {
      r = 3.2; ds_mu = -7.19; ds_sigma = 0.4;
    }
    else
    {
      r = 3.0; ds_mu = -6.89; ds_sigma = 0.54;
    }
  }
  else if (scenario == RURAL_MACRO)
  {
    if ( los[self_idx][my_sector] == true )
    {
      r = 3.8; ds_mu = -7.49; ds_sigma = 0.55;
    }
    else
    {
      r = 1.7; ds_mu = -7.43; ds_sigma = 0.48;
    }
  }
  else if (scenario == SUBURBAN_MACRO)
  {
    if ( los[self_idx][my_sector] == true )
    {
      r = 2.4; ds_mu = -7.23; ds_sigma = 0.38;
    }
    else
    {
      r = 1.5; ds_mu = -7.12; ds_sigma = 0.33;
    }
  }
  else if (scenario == OUTDOOR_2_INDOOR || indoor[self_idx][my_sector] == true)
  {
      r = 2.2; ds_mu = -6.62; ds_sigma = 0.32;
  }
  else
  {
    cerr << "Unspeficied scenario" << endl ;
  } 
  D = 0.7705 - 0.0433*Ricean_K[ self_idx ][ my_sector ] + 0.0002*pow( Ricean_K[ self_idx ][ my_sector ], 2 ) + 0.000017*pow( Ricean_K[ self_idx ][ my_sector ], 3 ) ;
  
  double cross_corr = 0 ;
  for( int idx = 0; idx < 5; idx++ )
  {
    cross_corr = cross_corr + sqrt_corr_matrix[0][idx] * random_number[self_idx][my_sector][idx] ;
  }
  DS_sigma = pow( 10, ds_mu + ds_sigma * cross_corr ) ;
}

        // These parameters come from Table A1-7

/*===================================================================
FUNCTION: Set_AoAAoD_Parameters()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up parameters of Angle Spread

NOTES: 
   
===================================================================*/
void Set_AoAAoD_Parameters(int self_idx)
{
  if (scenario == INDOOR_HOTSPOT)
  {
    if ( los[self_idx][my_sector] == true )
    {
      AoA_mu = 1.62 ;
      AoD_mu = 1.60 ;
      AoA_sigma = 0.22 ;
      AoD_sigma = 0.18 ;
      cluster_ASA = 8.;
      cluster_ASD = 5.;
      C = 1.434 * ( 0.9275 + 0.0439*Ricean_K[ self_idx ][ my_sector ] - 0.0071*pow( Ricean_K[ self_idx ][ my_sector ], 2 ) + 0.0002*pow( Ricean_K[ self_idx ][ my_sector ], 3 ) ) ;
    }
    else
    {
      AoA_mu = 1.77 ;
      AoD_mu = 1.62 ;
      AoA_sigma = 0.16 ;
      AoD_sigma = 0.25 ;      
      cluster_ASA = 11.;
      cluster_ASD = 5.;
      C = 1.501 ;
    }
  }
  else if (scenario == URBAN_MACRO)
  {
    if ( los[self_idx][my_sector] == true )
    {
      AoA_mu = 1.81 ;
      AoD_mu = 1.15 ;
      AoA_sigma = 0.2 ;
      AoD_sigma = 0.28 ;
      cluster_ASA = 11.;
      cluster_ASD = 5.;
      C = 1.146 * ( 1.1035 - 0.028*Ricean_K[ self_idx ][ my_sector ] - 0.002*pow( Ricean_K[ self_idx ][ my_sector ], 2 ) + 0.0001*pow( Ricean_K[ self_idx ][ my_sector ], 3 ) ) ;
    }
    else
    {
      AoA_mu = 1.87 ;
      AoD_mu = 1.41 ;
      AoA_sigma = 0.11 ;
      AoD_sigma = 0.28 ;      
      cluster_ASA = 15;
      cluster_ASD = 2.;
      C = 1.289 ;
    }
  }
  else if (scenario == URBAN_MICRO && indoor[self_idx][my_sector] == false)
  {
    if ( los[self_idx][my_sector] == true )
    {
      AoA_mu = 1.75 ;
      AoD_mu = 1.20 ;
      AoA_sigma = 0.19 ;
      AoD_sigma = 0.43 ;
      cluster_ASA = 17.;
      cluster_ASD = 3.;
      C = 1.146 * ( 1.1035 - 0.028*Ricean_K[ self_idx ][ my_sector ] - 0.002*pow( Ricean_K[ self_idx ][ my_sector ], 2 ) + 0.0001*pow( Ricean_K[ self_idx ][ my_sector ], 3 ) ) ;
    }
    else
    {
      AoA_mu = 1.84 ;
      AoD_mu = 1.41 ;
      AoA_sigma = 0.15 ;
      AoD_sigma = 0.17 ; 
      cluster_ASA = 22.;
      cluster_ASD = 10.;
      C = 1.273 ;
    }
  }
  else if (scenario == RURAL_MACRO)
  {
    if ( los[self_idx][my_sector] == true )
    {
      AoA_mu = 1.52 ;
      AoD_mu = 0.90 ;
      AoA_sigma = 0.24 ;
      AoD_sigma = 0.38 ;
      cluster_ASA = 3.;
      cluster_ASD = 2.;
      C = 1.123 * ( 1.1035 - 0.028*Ricean_K[ self_idx ][ my_sector ] - 0.002*pow( Ricean_K[ self_idx ][ my_sector ], 2 ) + 0.0001*pow( Ricean_K[ self_idx ][ my_sector ], 3 ) ) ;
    }
    else
    {
      AoA_mu = 1.52 ;
      AoD_mu = 0.95 ;
      AoA_sigma = 0.13 ;
      AoD_sigma = 0.45 ;      
      cluster_ASA = 3.;
      cluster_ASD = 2.;
      C = 1.090 ;
    }
  }
  else if (scenario == SUBURBAN_MACRO)
  {
    if ( los[self_idx][my_sector] == true )
    {
      AoA_mu = 1.48 ;
      AoD_mu = 0.78 ;
      AoA_sigma = 0.2 ;
      AoD_sigma = 0.12 ;
      cluster_ASA = 5.;
      cluster_ASD = 5.;
      C = 1.211 * ( 1.1035 - 0.028*Ricean_K[ self_idx ][ my_sector ] - 0.002*pow( Ricean_K[ self_idx ][ my_sector ], 2 ) + 0.0001*pow( Ricean_K[ self_idx ][ my_sector ], 3 ) ) ;
    }
    else
    {
      AoA_mu = 1.65 ;
      AoD_mu = 0.90 ;
      AoA_sigma = 0.25 ;
      AoD_sigma = 0.36 ;      
      cluster_ASA = 10.;
      cluster_ASD = 2.;
      C = 1.190 ;
    }
  }
  else if (scenario == OUTDOOR_2_INDOOR || indoor[self_idx][my_sector] == true)
  {
    AoA_mu = 1.76 ;
    AoD_mu = 1.25 ;
    AoA_sigma = 0.16 ;
    AoD_sigma = 0.42 ;      
    cluster_ASA = 8.;
    cluster_ASD = 5.;
    C = 1.146 ;
  }
  else                         
  { 
    cerr << "Unspeficied scenario" << endl ; 
  } 

  double cross_corr = 0 ;
  for( int idx = 0; idx < 5; idx++ )
  {
    cross_corr = cross_corr + sqrt_corr_matrix[2][idx] * random_number[self_idx][my_sector][idx] ;
  }
  ASA_sigma = pow( 10, AoA_mu + AoA_sigma * cross_corr ) ;

  cross_corr = 0 ;
  for( int idx = 0; idx < 5; idx++ )
  {
    cross_corr = cross_corr + sqrt_corr_matrix[1][idx] * random_number[self_idx][my_sector][idx] ;
  }
  ASD_sigma = pow( 10, AoD_mu + AoD_sigma * cross_corr ) ;
}
        // These parameters come from
        // Table A1-7 & 1.3.2.1 (1.13a) & 1.3.2.1 (1.13b)

/*===================================================================
FUNCTION: Set_Num_Path()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up the number of clusters

NOTES:
   
===================================================================*/
void Set_Num_Path(int self_idx, int adj_sec_idx)
{
  if ( scenario == INDOOR_HOTSPOT )
  {
    if ( los[self_idx][my_sector] == true )
    {
      num_path[self_idx][adj_sec_idx] = 15 ;
      clu_shadowing_std = 6. ;
    }
    else
    {
      num_path[self_idx][adj_sec_idx] = 19 ;
      clu_shadowing_std = 3. ;
    }
  }
  else if ( scenario == URBAN_MACRO )
  {
    if ( los[self_idx][my_sector] == true )
    {
      num_path[self_idx][adj_sec_idx] = 12 ;
      clu_shadowing_std = 3. ;
    }
    else
    {
      num_path[self_idx][adj_sec_idx] = 20 ;
      clu_shadowing_std = 3. ;
    }
  }
  else if ( scenario == URBAN_MICRO && indoor[self_idx][my_sector] == false )
  {
    if ( los[self_idx][my_sector] == true )
    {
      num_path[self_idx][adj_sec_idx] = 12 ;
      clu_shadowing_std = 3. ;
    }
    else
    {
      num_path[self_idx][adj_sec_idx] = 19 ;
      clu_shadowing_std = 3. ;
    }
  }
  else if ( scenario == RURAL_MACRO )
  {
    if ( los[self_idx][my_sector] == true )
    {
      num_path[self_idx][adj_sec_idx] = 11 ;
      clu_shadowing_std = 3. ;
    }
    else
    {
      num_path[self_idx][adj_sec_idx] = 10 ;
      clu_shadowing_std = 3. ;
    }
  }
  else if ( scenario == SUBURBAN_MACRO )
  {
    if ( los[self_idx][my_sector] == true )
    {
      num_path[self_idx][adj_sec_idx] = 15 ;
      clu_shadowing_std = 3. ;
    }
    else
    {
      num_path[self_idx][adj_sec_idx] = 14 ;
      clu_shadowing_std = 3. ;
    }
  }
  else if (scenario == OUTDOOR_2_INDOOR || indoor[self_idx][my_sector] == true)
  {
    num_path[self_idx][adj_sec_idx] = 12 ;
    clu_shadowing_std = 4. ;
  }  
  else
  {
    cerr << "Unspeficied scenario" << endl ;
  } 
}
        // This parameter comes from Table A1-7

/*===================================================================
FUNCTION: Set_Cluster_Delay()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up delays of clusters

NOTES: Output is a delay in [micro sec].
   
===================================================================*/
void Set_Cluster_Delay(int self_idx, int u, int s, int adj_sec_idx)
{  
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    delay[self_idx][adj_sec_idx][cluster_idx][u][s] = -r * DS_sigma * log( Rand.u() ) ;
  }        // This equation come from 1.3.2.1 (1.5)

  Sort_Delay(self_idx, u, s, adj_sec_idx) ;
  
  for(int cluster_idx = num_path[self_idx][adj_sec_idx] - 1; cluster_idx > -1; cluster_idx--)
  {
    delay[self_idx][adj_sec_idx][cluster_idx][u][s] = delay[self_idx][adj_sec_idx][cluster_idx][u][s] - delay[self_idx][adj_sec_idx][0][u][s] ;
    if( PDF == 1 && adj_sec_idx == 0 )
    {
      Block_SS_1[ drop_idx ][self_idx][cluster_idx][u][s] = delay[self_idx][0][cluster_idx][u][s] ;
    }
  }        // This equation come from 1.3.2.1 (1.6)
}

/*===================================================================
FUNCTION: Sort_Delay()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Sort delays

NOTES: 
   
===================================================================*/
void Sort_Delay(int self_idx, int u, int s, int adj_sec_idx)
{
  for(int i = 1; i < num_path[self_idx][adj_sec_idx]; i++)
  {
    double temp;
    int j ;

    temp = delay[self_idx][adj_sec_idx][i][u][s];
    for(j = i; j > 0; j--)
    {
      if( delay[self_idx][adj_sec_idx][j-1][u][s] > temp )
        delay[self_idx][adj_sec_idx][j][u][s] = delay[self_idx][adj_sec_idx][j-1][u][s];
      else break;
    }
    delay[self_idx][adj_sec_idx][j][u][s] = temp;
  }
}

/*===================================================================
FUNCTION: Set_Cluster_Power()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set up powers of clusters

NOTES: Output is a cluster_power
   
===================================================================*/
void Set_Cluster_Power(int self_idx, int u, int s, int adj_sec_idx)
{
  double sum_p = 0;
  max_p = 0;
  
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] = exp( -delay[self_idx][adj_sec_idx][cluster_idx][u][s] * (r-1.) / (r*DS_sigma) ) * pow( 10., -clu_shadowing_std * Rand.n() / 10. ) ;
    sum_p = sum_p + cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] ;
  }        // This equation come from 1.3.2.1 (1.9)
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] = cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] / sum_p ;
    max_p = MAX( max_p , cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] ) ;
  }        // This equation come from 1.3.2.1 (1.10)

  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    if(max_p / 316.2278 > cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s])
    {
      cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] = 0 ;
    }
    if( PDF == 1 && adj_sec_idx == 0 )
    {
      Block_SS_3[ drop_idx ][self_idx][cluster_idx][u][s] = cluster_power[self_idx][0][cluster_idx][u][s] ;
    }
  }
}    

/*===================================================================
FUNCTION: Scaling_Delay()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Scaling delays

NOTES: 
   
===================================================================*/
void Scaling_Delay(int self_idx, int u, int s, int adj_sec_idx)
{
  if ( los[self_idx][my_sector] == true )
  {
    for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
    {
      delay[self_idx][adj_sec_idx][cluster_idx][u][s] = delay[self_idx][adj_sec_idx][cluster_idx][u][s] / D ;
    }      // This equation come from 1.3.2.1 (1.8)
  }
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    if( PDF == 1 && adj_sec_idx == 0 )
    {
      Block_SS_2[ drop_idx ][self_idx][cluster_idx][u][s] = delay[self_idx][0][cluster_idx][u][s] ;
    }
  }      // This equation come from 1.3.2.1 (1.8)
}

/*===================================================================
FUNCTION: Generate_AoAAoD()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Generate Angle of Arrival and Angle of Departure

NOTES: 
   
===================================================================*/
void Generate_AoAAoD(int self_idx, int u, int s, int adj_sec_idx)
{
  double first_arrival_angle ;
  double first_depart_angle ;
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    // Generate AoA
    int X = 2 * (int)( 2 * Rand.u() ) - 1 ;
    double Y = ASA_sigma / 7. * Rand.n() ;
    if( cluster_idx == 0 )
    {
      X_A1 = X ;
      Y_A1 = Y ;
    }

    if( scenario == INDOOR_HOTSPOT )
    {
      arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = -1 * ASA_sigma * log( cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] / max_p ) / C ;
    }
    else
    {
      arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = 2. * ASA_sigma / 1.4 * sqrt( -log( cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] / max_p ) ) / C ;
    }
    if( cluster_idx == 0 )
    {
      first_arrival_angle = arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] ;
    }
    if( PDF == 1 && adj_sec_idx == 0 )
    {
      Block_SS_5[ drop_idx ][self_idx][cluster_idx][u][s] = arrival_angle[self_idx][0][cluster_idx][u][s] ;
    }
    
    if( los[self_idx][my_sector] == true )
    {
      arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = X * arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] + Y
                                   - ( X_A1 * first_arrival_angle + Y_A1 - ue2sector_angle[self_idx][my_sector] ) ;
    }
    else
    {
      arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = X * arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] + Y + ue2sector_angle[self_idx][my_sector] ;
    }
    if( PDF == 1 && adj_sec_idx == 0 )
    {
      Block_SS_7[ drop_idx ][self_idx][cluster_idx][u][s] = arrival_angle[self_idx][0][cluster_idx][u][s] ;
    }

    // Generate AoD
    X = 2 * (int)( 2 * Rand.u() ) - 1 ;
    Y = ASD_sigma / 7. * Rand.n() ;
    if( cluster_idx == 0 )
    {
      X_D1 = X ;
      Y_D1 = Y ;
    }

    if ( scenario == INDOOR_HOTSPOT )
    {
      depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = -1 * ASD_sigma * log( cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] / max_p ) / C ;
    }
    else
    {
      depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = 2. * ASD_sigma / 1.4 * sqrt(-log( cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] / max_p )) / C ;
    }
    if( cluster_idx == 0 )
    {
      first_depart_angle = depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] ;
    }
    if( PDF == 1 && adj_sec_idx == 0 )
    {
      Block_SS_4[ drop_idx ][self_idx][cluster_idx][u][s] = depart_angle[self_idx][0][cluster_idx][u][s] ;
    }

    if ( los[self_idx][my_sector] == true )
    {
      depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = X * depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] + Y
                                   - ( X_D1 * first_depart_angle + Y_D1 - ue2sector_angle[self_idx][my_sector] ) ;
    }
    else
    {
      depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] = X * depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] + Y + ue2sector_angle[self_idx][my_sector] ;
    }
    if( PDF == 1 && adj_sec_idx == 0 )
    {
      Block_SS_6[ drop_idx ][self_idx][cluster_idx][u][s] = depart_angle[self_idx][0][cluster_idx][u][s] ;
    }
  }
}   
             // This equations come from 1.3.2.1 (1.11) & (1.14) & (1.15)


/*===================================================================
FUNCTION: Set_Subclusters()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: for the two strongest clusters, divide by three sub-clusters

NOTES: 
   
===================================================================*/
void Set_Subclusters(int self_idx, int u, int s, int adj_sec_idx)
{
  Find_Max_idx(self_idx, u, s, adj_sec_idx) ;

  delay[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]   ][u][s] = delay[self_idx][adj_sec_idx][ max_idx     ][u][s] + 0.000000005 ;
  delay[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+1 ][u][s] = delay[self_idx][adj_sec_idx][ max_idx     ][u][s] + 0.00000001  ;
  delay[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+2 ][u][s] = delay[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] + 0.000000005 ;
  delay[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+3 ][u][s] = delay[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] + 0.00000001  ;
  
  cluster_power[self_idx][adj_sec_idx][ max_idx        ][u][s] = cluster_power[self_idx][adj_sec_idx][ max_idx     ][u][s] * 10./20. ;
  cluster_power[self_idx][adj_sec_idx][ max_idx_2nd    ][u][s] = cluster_power[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] * 10./20. ;
  cluster_power[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]   ][u][s] = cluster_power[self_idx][adj_sec_idx][ max_idx     ][u][s] *  6./20. ;
  cluster_power[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+1 ][u][s] = cluster_power[self_idx][adj_sec_idx][ max_idx     ][u][s] *  4./20. ;
  cluster_power[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+2 ][u][s] = cluster_power[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] *  6./20. ;
  cluster_power[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+3 ][u][s] = cluster_power[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] *  4./20. ;

  arrival_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]   ][u][s] = arrival_angle[self_idx][adj_sec_idx][ max_idx     ][u][s] ;
  arrival_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+1 ][u][s] = arrival_angle[self_idx][adj_sec_idx][ max_idx     ][u][s] ;
  arrival_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+2 ][u][s] = arrival_angle[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] ;
  arrival_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+3 ][u][s] = arrival_angle[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] ;

  depart_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]   ][u][s] = depart_angle[self_idx][adj_sec_idx][ max_idx     ][u][s] ;
  depart_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+1 ][u][s] = depart_angle[self_idx][adj_sec_idx][ max_idx     ][u][s] ;
  depart_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+2 ][u][s] = depart_angle[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] ;
  depart_angle[self_idx][adj_sec_idx][ num_path[self_idx][adj_sec_idx]+3 ][u][s] = depart_angle[self_idx][adj_sec_idx][ max_idx_2nd ][u][s] ;

  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]+4; cluster_idx++)
  {
    if( cluster_idx == max_idx || cluster_idx == max_idx_2nd )
    {
      num_rays[self_idx][adj_sec_idx][cluster_idx][u][s] = 10 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][0][u][s] =  0.0447 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][1][u][s] = -0.0447 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][2][u][s] =  0.1413 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][3][u][s] = -0.1413 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][4][u][s] =  0.2492 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][5][u][s] = -0.2492 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][6][u][s] =  0.3715 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][7][u][s] = -0.3715 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][8][u][s] =  2.1551 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][9][u][s] = -2.1551 ;
    }
    else if( cluster_idx == num_path[self_idx][adj_sec_idx] || cluster_idx == num_path[self_idx][adj_sec_idx]+2 )
    {
      num_rays[self_idx][adj_sec_idx][cluster_idx][u][s] = 6 ;  
      offset_angle[self_idx][adj_sec_idx][cluster_idx][0][u][s]  =  0.5129 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][1][u][s]  = -0.5129 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][2][u][s] =  0.6797 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][3][u][s] = -0.6797 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][4][u][s] =  1.5195 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][5][u][s] = -1.5195 ;
    }
    else if( cluster_idx == num_path[self_idx][adj_sec_idx]+1 || cluster_idx == num_path[self_idx][adj_sec_idx]+3 )
    {
      num_rays[self_idx][adj_sec_idx][cluster_idx][u][s] = 4 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][0][u][s] =  0.8844 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][1][u][s] = -0.8844 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][2][u][s] =  1.1481 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][3][u][s] = -1.1481 ;
    }
    else
    {
      num_rays[self_idx][adj_sec_idx][cluster_idx][u][s] = 20 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][0][u][s]  =  0.0447 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][1][u][s]  = -0.0447 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][2][u][s]  =  0.1413 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][3][u][s]  = -0.1413 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][4][u][s]  =  0.2492 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][5][u][s]  = -0.2492 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][6][u][s]  =  0.3715 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][7][u][s]  = -0.3715 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][8][u][s]  =  0.5129 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][9][u][s]  = -0.5129 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][10][u][s] =  0.6797 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][11][u][s] = -0.6797 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][12][u][s] =  0.8844 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][13][u][s] = -0.8844 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][14][u][s] =  1.1481 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][15][u][s] = -1.1481 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][16][u][s] =  1.5195 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][17][u][s] = -1.5195 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][18][u][s] =  2.1551 ;
      offset_angle[self_idx][adj_sec_idx][cluster_idx][19][u][s] = -2.1551 ;
    }
  }
  
  num_path[self_idx][adj_sec_idx] = num_path[self_idx][adj_sec_idx]+4;
  Sort_clusters(self_idx, u, s, adj_sec_idx) ;
}


/*===================================================================
FUNCTION: Find_Max_idx()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Find the two strongest clusters

NOTES: 
   
===================================================================*/
void Find_Max_idx(int self_idx, int u, int s, int adj_sec_idx)
{
  if( cluster_power[self_idx][adj_sec_idx][0][u][s] > cluster_power[self_idx][adj_sec_idx][1][u][s] )
  {
    max_idx = 0 ;
    max_idx_2nd = 1 ;
  }
  else
  {
    max_idx = 1 ;
    max_idx_2nd = 0 ;
  }
  
  for (int cluster_idx = 2; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    if( cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] > cluster_power[self_idx][adj_sec_idx][max_idx_2nd][u][s] )
    {
      max_idx_2nd = cluster_idx ;
      if( cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] > cluster_power[self_idx][adj_sec_idx][max_idx][u][s] )
      {
        int temp ;
        temp = max_idx ;
        max_idx = cluster_idx ;
        max_idx_2nd = temp ;
      }
    }
  }
}


/*===================================================================
FUNCTION: Sort_clusters()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Sort clusters

NOTES: 
   
===================================================================*/
void Sort_clusters(int self_idx, int u, int s, int adj_sec_idx)
{
  for( int i = 1; i < num_path[self_idx][adj_sec_idx]; i++ )
  {
    double temp1 ;
    double temp2 ;
    double temp3 ;
    double temp4 ;
    int    temp5 ;
    double temp_ray[MAX_NUM_RAYS] ;
    int j ;

    temp1 = delay[self_idx][adj_sec_idx][i][u][s] ;
    temp2 = cluster_power[self_idx][adj_sec_idx][i][u][s] ;
    temp3 = arrival_angle[self_idx][adj_sec_idx][i][u][s] ;
    temp4 = depart_angle[self_idx][adj_sec_idx][i][u][s] ;
    temp5 = num_rays[self_idx][adj_sec_idx][i][u][s] ;
    for( int ray_idx = 0; ray_idx < temp5; ray_idx++ )
    {
      temp_ray[ray_idx] = offset_angle[self_idx][adj_sec_idx][i][ray_idx][u][s] ;
    }
    for( j = i; j > 0; j-- )
    {
      if( delay[self_idx][adj_sec_idx][j-1][u][s] > temp1 )
      {
        delay[self_idx][adj_sec_idx][j][u][s]         = delay[self_idx][adj_sec_idx][j-1][u][s] ;
        cluster_power[self_idx][adj_sec_idx][j][u][s] = cluster_power[self_idx][adj_sec_idx][j-1][u][s] ;
        arrival_angle[self_idx][adj_sec_idx][j][u][s] = arrival_angle[self_idx][adj_sec_idx][j-1][u][s] ;
        depart_angle[self_idx][adj_sec_idx][j][u][s]  = depart_angle[self_idx][adj_sec_idx][j-1][u][s] ;
        num_rays[self_idx][adj_sec_idx][j][u][s]      = num_rays[self_idx][adj_sec_idx][j-1][u][s] ;
        for( int ray_idx = 0; ray_idx < num_rays[self_idx][adj_sec_idx][j-1][u][s]; ray_idx++ )
        {
          offset_angle[self_idx][adj_sec_idx][j][ray_idx][u][s] = offset_angle[self_idx][adj_sec_idx][j-1][ray_idx][u][s] ;
        }
      }
      else break ;
    }

    delay[self_idx][adj_sec_idx][j][u][s]         = temp1 ;
    cluster_power[self_idx][adj_sec_idx][j][u][s] = temp2 ;
    arrival_angle[self_idx][adj_sec_idx][j][u][s] = temp3 ;
    depart_angle[self_idx][adj_sec_idx][j][u][s]  = temp4 ;
    num_rays[self_idx][adj_sec_idx][j][u][s]      = temp5 ;
    for( int ray_idx = 0; ray_idx < temp5; ray_idx++ )
    {
      offset_angle[self_idx][adj_sec_idx][j][ray_idx][u][s] = temp_ray[ray_idx] ;
    }
  }
}

/*===================================================================
FUNCTION: Generate_XPR()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Generate the Cross Polarisation Power Ratio

NOTES: 
   
===================================================================*/
void Generate_XPR(int self_idx, int u, int s, int adj_sec_idx)
{
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    for(int ray_idx = 0; ray_idx < num_rays[self_idx][adj_sec_idx][cluster_idx][u][s]; ray_idx++)
    {
      if (scenario == INDOOR_HOTSPOT)
      {
        if ( los[self_idx][my_sector] == true )
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 11. + 0. * Rand.n() ;
        }
        else
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 10. + 0. * Rand.n() ;
        }
      }
      else if (scenario == URBAN_MACRO)
      {
        if ( los[self_idx][my_sector] == true )
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 8. + 0. * Rand.n() ;
        }
        else
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 7. + 0. * Rand.n() ;
        }
      }
      else if (scenario == URBAN_MICRO && indoor[self_idx][my_sector] == false)
      {
        if ( los[self_idx][my_sector] == true )
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 9. + 0. * Rand.n() ;
        }
        else
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 8. + 0. * Rand.n() ;
        }
      }
      else if (scenario == RURAL_MACRO)
      {
        if ( los[self_idx][my_sector] == true )
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 12. + 0. * Rand.n() ;
        }
        else
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 7. + 0. * Rand.n() ;
        }
      }
      else if (scenario == SUBURBAN_MACRO)
      {
        if ( los[self_idx][my_sector] == true )
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 8. + 0. * Rand.n() ;
        }
        else
        {
          XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 4. + 0. * Rand.n() ;
        }
      }
      else if (scenario == OUTDOOR_2_INDOOR || indoor[self_idx][my_sector] == true)
      {
        XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 9. + 0. * Rand.n() ;
      }
      else                         
      { 
        cerr << "Unspeficied scenario" << endl ; 
      }
      XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = pow( 10. , XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s]/10. ) ;
    }
  }  
}
        // These parameters come from Table A1-7

/*===================================================================
FUNCTION: SetInitialPhase()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Set initial phases.

NOTES: 
   
===================================================================*/
void SetInitialPhase(int self_idx, int u, int s, int adj_sec_idx)
{
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    for(int ray_idx = 0; ray_idx < num_rays[self_idx][adj_sec_idx][cluster_idx][u][s]; ray_idx++)
    {
      phi_vv[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 360. * Rand.u() - 180. ;
      phi_vh[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 360. * Rand.u() - 180. ;
      phi_hv[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 360. * Rand.u() - 180. ;
      phi_hh[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] = 360. * Rand.u() - 180. ;
    }
  }
  phi_vv_LOS[self_idx][adj_sec_idx][u][s] = 360. * Rand.u() - 180. ;
  phi_hh_LOS[self_idx][adj_sec_idx][u][s] = 360. * Rand.u() - 180. ;
}

/*===================================================================
FUNCTION: ChannelSampleGeneration()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: compute channel coefficients and stored

NOTES: Output is a Channel_Coef.
   
===================================================================*/
void ChannelSampleGeneration( int self_idx, int u, int s, int adj_sec_idx )
{
  if( t == 0 )
  { 
    Lambda = SPEED_LIGHT / carrier_freq ;
    
    if (num_received_antenna == 1)
    { d_tx = 0 ; }
    else if (num_received_antenna > 0)
    { d_tx = 10 * Lambda ; }
    else
    { cerr << "num_received_antenna is wrong" << endl ; } 
    if (num_transmit_antenna == 1)
    { d_rx = 0 ; }
    else if (num_transmit_antenna > 0)
    { d_rx = 0.5 * Lambda ; }
    else
    { cerr << "num_transmit_antenna is wrong" << endl ; } 
  }
  my_sector = ue[self_idx].adj_sector[adj_sec_idx] ;
  
  for(int cluster_idx = 0; cluster_idx < num_path[self_idx][adj_sec_idx]; cluster_idx++)
  {
    Compute_Channel_Coef(self_idx, cluster_idx, u, s, adj_sec_idx) ;
  }
}


/*===================================================================
FUNCTION: Compute_Channel_Coef()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Compute channel coefficients.

NOTES: Output is a Channel_Coef.
   
===================================================================*/
void Compute_Channel_Coef(int self_idx, int cluster_idx, int u, int s, int adj_sec_idx)
{
  Channel_coef[ self_idx ][ adj_sec_idx ][ cluster_idx ][ u ][ s ] = ( 0. , 0. ) ;
  for(int ray_idx = 0; ray_idx < num_rays[self_idx][adj_sec_idx][cluster_idx][u][s]; ray_idx++)
  {
    double arr_angle = arrival_angle[self_idx][adj_sec_idx][cluster_idx][u][s] + cluster_ASA * offset_angle[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] ;
    double dep_angle = depart_angle[self_idx][adj_sec_idx][cluster_idx][u][s] + cluster_ASD * offset_angle[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] ;
    double height = h_BS - h_MS ;
    double angle_v = atan2(height,ue2sector_angle[self_idx][my_sector]) * 180. / PI ;
    double F_tx_h = 12. * pow((dep_angle/ANGLE_3dB_h),2) ;
    double F_rx_h = 0. ;
    double F_tx_v = 12. * pow(((angle_v-ANGLE_tilt)/ANGLE_3dB_v),2) ;
    double F_rx_v = 0. ;
    double F_vv = pow( 10. , -MIN( F_rx_v+F_tx_v, 20. ) / 10. ) ;
    double F_vh = pow( 10. , -MIN( F_rx_v+F_tx_h, 20. ) / 10. ) ;
    double F_hv = pow( 10. , -MIN( F_rx_h+F_tx_v, 20. ) / 10. ) ;
    double F_hh = pow( 10. , -MIN( F_rx_h+F_tx_h, 20. ) / 10. ) ;
    double v = speed_UE * cos( ( arr_angle - travel_angle[self_idx] ) * PI / 180. ) / Lambda ;
             // This equation comes from 1.3.2.1 (1.19)

    complex <double> exp_vv ( 0. , phi_vv[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] * PI / 180 ) ;
    complex <double> exp_vh ( 0. , phi_vh[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] * PI / 180 ) ;
    complex <double> exp_hv ( 0. , phi_hv[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] * PI / 180 ) ;
    complex <double> exp_hh ( 0. , phi_hh[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] * PI / 180 ) ;
    complex <double> exp_dtx ( 0. , d_tx*2*PI/Lambda*sin( dep_angle * PI / 180. ) ) ;
    complex <double> exp_drx ( 0. , d_rx*2*PI/Lambda*sin( arr_angle * PI / 180. ) ) ;
    complex <double> j2pivt ( 0. , 2.*PI*v*t/1000. ) ;

    Channel_coef[ self_idx ][ adj_sec_idx ][ cluster_idx ][ u ][ s ] = Channel_coef[ self_idx ][ adj_sec_idx ][ cluster_idx ][ u ][ s ] 
                                                                       + sqrt( cluster_power[self_idx][adj_sec_idx][cluster_idx][u][s] / num_rays[self_idx][adj_sec_idx][cluster_idx][u][s] )
                                                                         * (                                                                        F_vv * exp( exp_vv ) + F_hh * exp( exp_hh )
                                                                             + sqrt( 1/XPR[self_idx][adj_sec_idx][cluster_idx][ray_idx][u][s] ) * ( F_vh * exp( exp_vh ) + F_hv * exp( exp_hv ) )
                                                                           )
                                                                         * exp( exp_dtx + exp_drx + j2pivt ) ;
             // These equations come from 1.3.2.1 (1.18)
  }

  if ( los[self_idx][my_sector] == true && cluster_idx == 0 )
  {
    double height = h_BS - h_MS ;
    double angle_v = atan2(height,ue2sector_angle[self_idx][my_sector]) * 180. / PI ;
    double F_tx_h = 12. * pow((ue2sector_angle[self_idx][my_sector]/ANGLE_3dB_h),2) ;
    double F_rx_h = 0. ;
    double F_tx_v = 12. * pow(((angle_v-ANGLE_tilt)/ANGLE_3dB_v),2) ;
    double F_rx_v = 0. ;
    double F_vv = pow( 10. , -MIN( F_rx_v+F_tx_v, 20. ) / 10. ) ;
    double F_hh = pow( 10. , -MIN( F_rx_h+F_tx_h, 20. ) / 10. ) ;
    double v = speed_UE * cos( ( ue2sector_angle[self_idx][my_sector] - travel_angle[self_idx] ) * PI / 180. ) / Lambda ;
    double k_factor = pow( 10. , Ricean_K[ self_idx ][ my_sector ] / 10. ) ;

    complex <double> exp_vv_LOS ( 0. , phi_vv_LOS[self_idx][adj_sec_idx][u][s] * PI / 180. ) ;
    complex <double> exp_hh_LOS ( 0. , phi_hh_LOS[self_idx][adj_sec_idx][u][s] * PI / 180. ) ;
    complex <double> exp_dtx ( 0. , d_tx*2*PI/Lambda*sin( ue2sector_angle[self_idx][my_sector] * PI / 180. ) ) ;
    complex <double> exp_drx ( 0. , d_rx*2*PI/Lambda*sin( ue2sector_angle[self_idx][my_sector] * PI / 180. ) ) ;
    complex <double> j2pivt ( 0. , 2.*PI*v*t/1000. ) ;

    Channel_coef[ self_idx ][ adj_sec_idx ][ cluster_idx ][ u ][ s ] = sqrt( 1. / (k_factor + 1.) ) * Channel_coef[ self_idx ][ adj_sec_idx ][ cluster_idx ][ u ][ s ]
                                                                       + sqrt( k_factor / (k_factor + 1.) )
                                                                         * ( F_vv * exp( exp_vv_LOS ) + F_hh * exp( exp_hh_LOS ) )
                                                                         * exp( exp_dtx + exp_drx + j2pivt ) ;
  }         // These equations come from 1.3.2.1 (1.21)
}    

/*===================================================================
FUNCTION: Size_Channel_Parameters()

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Determine size of parameters

NOTES: 
   
===================================================================*/
void Size_Channel_Parameters()
{
  // Large Scale Parameters
  ue2sector_distance = new double * [num_ues] ;
  ue2sector_angle = new double * [num_ues] ;
  los = new bool * [num_ues] ;
  indoor = new bool * [num_ues] ;
  Ricean_K = new double * [num_ues] ;
  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )
  {
    ue2sector_distance[ ue_idx ] = new double [NUM_SECTORS] ;
    ue2sector_angle[ ue_idx ] = new double [NUM_SECTORS] ;
    los[ ue_idx ] = new bool [NUM_SECTORS] ;
    indoor[ ue_idx ] = new bool [NUM_SECTORS] ;
    Ricean_K[ ue_idx ] = new double [NUM_SECTORS] ;
  }

  travel_angle = new double [num_ues] ;
  antenna = new double [NUM_SECTORS] ;
  path_loss = new double [NUM_SECTORS] ;

  // Small Scale Parameters
  num_path = new int * [ num_ues ] ;
  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )
  {
    num_path[ ue_idx ] = new int [ num_compute_coef ] ;
  }

  Channel_coef = new complex <double> **** [ num_ues ] ;
  delay = new double **** [ num_ues ] ;
  cluster_power = new double **** [ num_ues ] ;
  arrival_angle = new double **** [ num_ues ] ;
  depart_angle = new double **** [ num_ues ] ;
  num_rays = new int **** [ num_ues ] ;
  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )
  {
    Channel_coef[ ue_idx ] = new complex <double> *** [num_compute_coef];
    delay[ ue_idx ] = new double *** [num_compute_coef];
    cluster_power[ ue_idx ] = new double *** [num_compute_coef];
    arrival_angle[ ue_idx ] = new double *** [num_compute_coef];
    depart_angle[ ue_idx ] = new double *** [num_compute_coef];
    num_rays[ ue_idx ] = new int *** [num_compute_coef];
    for(int adj_sec_idx = 0; adj_sec_idx < num_compute_coef; adj_sec_idx++)
    {
      Channel_coef[ ue_idx ][ adj_sec_idx ] = new complex <double> ** [MAX_NUM_CLUSTERS];
      delay[ ue_idx ][ adj_sec_idx ] = new double ** [MAX_NUM_CLUSTERS];
      cluster_power[ ue_idx ][ adj_sec_idx ] = new double ** [MAX_NUM_CLUSTERS];
      arrival_angle[ ue_idx ][ adj_sec_idx ] = new double ** [MAX_NUM_CLUSTERS];
      depart_angle[ ue_idx ][ adj_sec_idx ] = new double ** [MAX_NUM_CLUSTERS];
      num_rays[ ue_idx ][ adj_sec_idx ] = new int ** [MAX_NUM_CLUSTERS];
      for( int path_idx = 0; path_idx < MAX_NUM_CLUSTERS; path_idx++ )
      {
        Channel_coef[ ue_idx ][ adj_sec_idx ][ path_idx ] = new complex <double> * [ num_received_antenna ] ;
        delay[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double * [ num_received_antenna ] ;
        cluster_power[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double * [ num_received_antenna ] ;
        arrival_angle[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double * [ num_received_antenna ] ;
        depart_angle[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double * [ num_received_antenna ] ;
        num_rays[ ue_idx ][ adj_sec_idx ][ path_idx ] = new int * [ num_received_antenna ] ;
        for( int u = 0; u < num_received_antenna; u++ )
        {
          Channel_coef[ ue_idx ][ adj_sec_idx ][ path_idx ][ u ] = new complex <double> [ num_transmit_antenna ] ;
          delay[ ue_idx ][ adj_sec_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;
          cluster_power[ ue_idx ][ adj_sec_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;
          arrival_angle[ ue_idx ][ adj_sec_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;
          depart_angle[ ue_idx ][ adj_sec_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;
          num_rays[ ue_idx ][ adj_sec_idx ][ path_idx ][ u ] = new int [ num_transmit_antenna ] ;
        }
      }
    }
  }
  
  XPR = new double *****[ num_ues ] ;
  offset_angle = new double ***** [ num_ues ] ;
  phi_vv = new double ***** [ num_ues ] ;
  phi_vh = new double ***** [ num_ues ] ;
  phi_hv = new double ***** [ num_ues ] ;
  phi_hh = new double ***** [ num_ues ] ;
  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )
  {
    XPR[ ue_idx ] = new double **** [num_compute_coef] ;
    offset_angle[ ue_idx ] = new double **** [num_compute_coef] ;
    phi_vv[ ue_idx ] = new double **** [num_compute_coef] ;
    phi_vh[ ue_idx ] = new double **** [num_compute_coef] ;
    phi_hv[ ue_idx ] = new double **** [num_compute_coef] ;
    phi_hh[ ue_idx ] = new double **** [num_compute_coef] ;
    for(int adj_sec_idx = 0; adj_sec_idx < num_compute_coef; adj_sec_idx++)
    {
      XPR[ ue_idx ][ adj_sec_idx ] = new double *** [MAX_NUM_CLUSTERS] ;
      offset_angle[ ue_idx ][ adj_sec_idx ] = new double *** [MAX_NUM_CLUSTERS] ;
      phi_vv[ ue_idx ][ adj_sec_idx ] = new double *** [MAX_NUM_CLUSTERS] ;
      phi_vh[ ue_idx ][ adj_sec_idx ] = new double *** [MAX_NUM_CLUSTERS] ;
      phi_hv[ ue_idx ][ adj_sec_idx ] = new double *** [MAX_NUM_CLUSTERS] ;
      phi_hh[ ue_idx ][ adj_sec_idx ] = new double *** [MAX_NUM_CLUSTERS] ;
      for( int path_idx = 0; path_idx < MAX_NUM_CLUSTERS; path_idx++ )
      {
        XPR[ ue_idx][ adj_sec_idx ][ path_idx ] = new double ** [ MAX_NUM_RAYS ] ;
        offset_angle[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double ** [ MAX_NUM_RAYS ] ;
        phi_vv[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double ** [ MAX_NUM_RAYS ] ;
        phi_vh[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double ** [ MAX_NUM_RAYS ] ;
        phi_hv[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double ** [ MAX_NUM_RAYS ] ;
        phi_hh[ ue_idx ][ adj_sec_idx ][ path_idx ] = new double ** [ MAX_NUM_RAYS ] ;
        for( int ray_idx = 0; ray_idx < MAX_NUM_RAYS; ray_idx++ )
        {
          XPR[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ] = new double * [ num_received_antenna ] ;
          offset_angle[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ] = new double * [ num_received_antenna ] ;
          phi_vv[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ] = new double * [ num_received_antenna ] ;
          phi_vh[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ] = new double * [ num_received_antenna ] ;
          phi_hv[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ] = new double * [ num_received_antenna ] ;
          phi_hh[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ] = new double * [ num_received_antenna ] ;
          for( int u = 0; u < num_received_antenna; u++ )
          {
            XPR[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ][ u ] = new double [ num_transmit_antenna ] ;
            offset_angle[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ][ u ] = new double [ num_transmit_antenna ] ;
            phi_vv[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ][ u ] = new double [ num_transmit_antenna ] ;
            phi_vh[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ][ u ] = new double [ num_transmit_antenna ] ;
            phi_hv[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ][ u ] = new double [ num_transmit_antenna ] ;
            phi_hh[ ue_idx ][ adj_sec_idx ][ path_idx ][ ray_idx ][ u ] = new double [ num_transmit_antenna ] ;
          }
        }
      }
    }
  }
  phi_vv_LOS = new double *** [ num_ues ] ;
  phi_vh_LOS = new double *** [ num_ues ] ;
  phi_hv_LOS = new double *** [ num_ues ] ;
  phi_hh_LOS = new double *** [ num_ues ] ;
  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )
  {
    phi_vv_LOS[ ue_idx ] = new double ** [ num_compute_coef ] ;
    phi_vh_LOS[ ue_idx ] = new double ** [ num_compute_coef ] ;
    phi_hv_LOS[ ue_idx ] = new double ** [ num_compute_coef ] ;
    phi_hh_LOS[ ue_idx ] = new double ** [ num_compute_coef ] ;
    for(int adj_sec_idx = 0; adj_sec_idx < num_compute_coef; adj_sec_idx++)
    {
      phi_vv_LOS[ ue_idx ][ adj_sec_idx ] = new double * [ num_received_antenna ] ;
      phi_vh_LOS[ ue_idx ][ adj_sec_idx ] = new double * [ num_received_antenna ] ;
      phi_hv_LOS[ ue_idx ][ adj_sec_idx ] = new double * [ num_received_antenna ] ;
      phi_hh_LOS[ ue_idx ][ adj_sec_idx ] = new double * [ num_received_antenna ] ;
      for( int u = 0; u < num_received_antenna; u++ )
      {
        phi_vv_LOS[ ue_idx ][ adj_sec_idx ][ u ] = new double [ num_transmit_antenna ] ;
        phi_vh_LOS[ ue_idx ][ adj_sec_idx ][ u ] = new double [ num_transmit_antenna ] ;
        phi_hv_LOS[ ue_idx ][ adj_sec_idx ][ u ] = new double [ num_transmit_antenna ] ;
        phi_hh_LOS[ ue_idx ][ adj_sec_idx ][ u ] = new double [ num_transmit_antenna ] ;
      }
    }
  }
  
  // correlation parameter
  random_number = new double ** [ num_ues ] ;
  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )
  {
    random_number[ ue_idx ] = new double * [NUM_SECTORS] ;
    for( int sec_idx = 0; sec_idx < NUM_SECTORS; sec_idx++ )
    {
      random_number[ ue_idx ][ sec_idx ] = new double [5] ;
      for( int idx = 0; idx < 5; idx++ )
      {
        random_number[ ue_idx ][ sec_idx ][ idx ] = Rand.n() ;
      }
    }
  }
}







channel.h

#include "const.h"

// scenario 0. Indoor Hotspot
// scenario 1. Urban Macro
// scenario 2. Urban Micro
// scenario 3. Rural Macro
// scenario 4. Suburban Macro


// Large Scale Parameters
double carrier_freq ;
double site2site_distance ;
double speed_UE ;
double K_mu, K_sigma ;
double ** Ricean_K ;
double D ;

double location_x, location_y ; 
double distance_x, distance_y ;
double ** ue2sector_distance ;
double ** ue2sector_angle ;
double * travel_angle ;
bool ** los ;
bool ** indoor ;

double h_BS, h_MS, h, W, break_point_distance ;

double shadowing, shadowing_sigma ;
double * path_loss ;
double * antenna ;



// Small Scale Parameters
int my_sector;
int ** num_path ;
complex <double> ***** Channel_coef ;

double clu_shadowing_std ;
double r, ds_mu, ds_sigma ;
double AoA_mu, AoD_mu, AoA_sigma, AoD_sigma, C ;
int X_A1, X_D1 ;
double Y_A1, Y_D1 ;
double ASA_sigma, ASD_sigma, DS_sigma ;
double cluster_ASA, cluster_ASD ;

double ***** delay ;
double ***** cluster_power ;
double ***** arrival_angle ;
double ***** depart_angle ;

int ***** num_rays ;
double ****** offset_angle ;
double ****** phi_vv , ****** phi_vh, ****** phi_hv, ****** phi_hh ;
double **** phi_vv_LOS, **** phi_vh_LOS, **** phi_hv_LOS, **** phi_hh_LOS ;

double d_tx, d_rx ;
double Lambda ;
double ****** XPR ;

double max_p ;
int max_idx, max_idx_2nd ;



// Sector Number Mapping Matrix
int wrap[19][19] ={ { 12,11,10,13,3,2,9,14,4,0,1,8,15,5,6,7,16,17,18 },
                    { 11,10,15,3,2,9,16,4,0,1,8,12,5,6,7,13,17,18,14 },
                    { 17,18,14,12,11,10,15,13,3,2,9,16,4,0,1,8,5,6,7 },
                    { 16,17,18,8,12,11,10,7,13,3,2,9,14,4,0,1,15,5,6 },
                    { 8,12,11,7,13,3,2,18,14,4,0,1,10,15,5,6,9,16,17 },
                    { 13,3,2,14,4,0,1,10,15,5,6,7,9,16,17,18,8,12,11 },
                    { 3,2,9,4,0,1,8,15,5,6,7,13,16,17,18,14,12,11,10 },
                    { 2,9,16,0,1,8,12,5,6,7,13,3,17,18,14,4,11,10,15 },
                    { 10,15,5,2,9,16,17,0,1,8,12,11,6,7,13,3,18,14,4 },
                    { 18,14,4,11,10,15,5,3,2,9,16,17,0,1,8,12,6,7,13 },
                    { 6,7,13,17,18,14,4,12,11,10,15,5,3,2,9,16,0,1,8 },
                    { 5,6,7,16,17,18,14,8,12,11,10,15,13,3,2,9,4,0,1 },
                    { 15,5,6,9,16,17,18,1,8,12,11,10,7,13,3,2,14,4,0 },
                    { 9,16,17,1,8,12,11,6,7,13,3,2,18,14,4,0,10,15,5 },
                    { 1,8,12,6,7,13,3,17,18,14,4,0,11,10,15,5,2,9,16 },
                    { 7,13,3,18,14,4,0,11,10,15,5,6,2,9,16,17,1,8,12 },
                    { 14,4,0,10,15,5,6,2,9,16,17,18,1,8,12,11,7,13,3 },
                    { 4,0,1,15,5,6,7,9,16,17,18,14,8,12,11,10,13,3,2 },
                    { 0,1,8,5,6,7,13,16,17,18,14,4,12,11,10,15,3,2,9 } };



// Correlation Parameters
double *** random_number ;
double sqrt_corr_matrix[5][5] ;
/*=====================================================================
  Correlation Matrix

  Corr_Matrix = [     1      ASDvsDS   ASAvsDS    DSvsSF    DSvsK
                   ASDvsDS      1      ASDvsASA  ASDvsSF   ASDvsK
                   ASAvsDS   ASDvsASA     1      ASAvsSF   ASAvsK
                    DSvsSF   ASDvsSF   ASAvsSF      1       SFvsK
                    DSvsK    ASDvsK    ASAvsK     SFvsK       1      ]
=======================================================================*/
/*=====================================================================
  Sqrt of Correlation Matrix

  sqrt_corr_matrix * sqrt_corr_matrix = Corr_Matrix
=======================================================================*/








common.h

#include <complex>
#include <iostream>
#include <fstream>
#include "ue.h"
#include "rv_generate.h"

using namespace std;

extern unsigned long _seed ;
extern int t ;
extern int drop_idx;
extern int run_times ;
extern int num_drops ;
extern int num_user_cell ;
extern int num_ues ;
extern int num_received_antenna ;
extern int num_transmit_antenna ;
extern int scenario ;
extern int los_type ;
extern int ue_distribution;
extern int PathLoss;
extern int DelaySpread;
extern int AngleSpread;
extern int ChannelCoef;
extern int num_compute_coef;
extern int PDF;
extern int sample_ue;

extern int my_sector ;
extern complex <double> ***** Channel_coef ;
extern int ** num_path ;
extern int ***** num_rays ;
extern double ***** delay ;
extern double ***** cluster_power ;
extern double ***** arrival_angle ;
extern double ***** depart_angle ;
extern int NUM_SECTORS ; 
extern double ** ue2sector_distance ;
extern double ** ue2sector_angle ;
extern bool ** indoor ;
extern bool ** los ;
extern double * antenna ;
extern double * path_loss ;
extern double * travel_angle ;

extern double ** Block_PL ;
extern double ***** Block_SS_1 ;
extern double ***** Block_SS_2 ;
extern double ***** Block_SS_3 ;
extern double ***** Block_SS_4 ;
extern double ***** Block_SS_5 ;
extern double ***** Block_SS_6 ;
extern double ***** Block_SS_7 ;
extern int ** num_full_path ;

extern complex <double> **** Coef ;

extern UE                  * ue;

extern Rand Rand;
	








const.h


#ifndef _CONST_H_
#define _CONST_H_
#include <cmath>
#define MIN(x,y) (((x)<=(y))?(x):(y))
#define MAX(x,y) (((x)>=(y))?(x):(y))
#define dB2linear(x) (pow(10.0,x/10.0))
#define dBm2linear(x) (pow(10.0, (x- 30)/10.0))
#define linear2dB(x) (10*log10(x))
#define linear2dBm (x) (10*log10(x * 1000 )

const double PI = 4 * atan(1.);
const double INITIAL_POWER = 1. ; 

const double SPEED_LIGHT = 299800000. ; // [m/s]
const int MAX_NUM_CLUSTERS = 24 ;
const int MAX_NUM_RAYS = 20 ;
const double ANGLE_3dB_h = 70 ;
const double ANGLE_3dB_v = 15 ;
const double ANGLE_tilt = 0 ;


enum SCENARIO_TYPE
{
  INDOOR_HOTSPOT,
  URBAN_MACRO,
  URBAN_MICRO,
  RURAL_MACRO,
  SUBURBAN_MACRO,
  OUTDOOR_2_INDOOR
};

enum LOS_TYPE
{
  LOS,
  NLOS,
  RANDOM
};

typedef struct 
{
  double x;
  double y;
} LOCATION;

typedef struct
{
  double PL ;
} LOGGING_POINT ;

#endif








initialization.cpp



    
    
    initialization.cpp
    
    


initialization.cpp/*===================================================================
FUNCTION: Initialization

DESCRIPTION:

SimulationConfiguration()
InitializeSystem()
InitializeADrop()
ClearMAPs2StartADrop()
StandardInitialization()
  
===================================================================*/
#include "initialization.h"
#include "const.h"
#include <iostream>
#include <fstream>
#include <cmath>
#include <stdio.h>
#include <string.h>
#include <ctype.h>

#include <sys/stat.h>
#include <sys/types.h>
#include <fcntl.h>
// #include <unistd.h>

using namespace std;

#include <cstring>
#include <cstdlib>


/*===================================================================
FUNCTION: SimulationConfiguration()

AUTHOR: Noh, Junghoon

DESCRIPTION: Configure the parameters from the input file. Otherwise
             simulation is configured by default values

NOTES: ...
   
===================================================================*/
void SimulationConfiguration(int argc,char *argv[]) 
{
  bool OpenFileIn(fstream & , char * );
  double Seek_Argument(fstream & ,const char *, double );
  char* Seek_Char(fstream & ,const char *,const char * );
  void senario_decision( char * Senario_char );
  void los_type_decision( char * LOS_char );
  void make_directory( void );
  
  if (argc == 2 )
  {
    fstream infile;
    if(!OpenFileIn(infile,argv[1]))
    {
      cout << "error : Can't find the file "<<"'"<<argv[1]<<"'"<<endl;
      exit(1);
    } 
    
    _seed              = int( Seek_Argument(infile,"_seed", 100000) );
    run_times          = int( Seek_Argument(infile,"run_times", 100) );
    num_drops          = int( Seek_Argument(infile,"num_drops", 2) );
    num_user_cell      = int( Seek_Argument(infile,"num_user_cell", 10) );
    num_received_antenna  = int( Seek_Argument(infile,"num_received_antenna", 2) );
    num_transmit_antenna = int( Seek_Argument(infile,"num_transmit_antenna", 2) );
    ue_distribution    = int( Seek_Argument(infile,"ue_distribution", 0) );
    PathLoss           = int( Seek_Argument(infile,"PathLoss", 0) );
    DelaySpread        = int( Seek_Argument(infile,"DelaySpread", 0) );
    AngleSpread        = int( Seek_Argument(infile,"AngleSpread", 0) );
    ChannelCoef        = int( Seek_Argument(infile,"ChannelCoef", 0) );
    num_compute_coef   = int( Seek_Argument(infile,"num_compute_coef", 1) );
    PDF                = int( Seek_Argument(infile,"PDF", 0) );
    sample_ue          = int( Seek_Argument(infile,"sample_ue", 0) );
    char * Senario_char   = Seek_Char(infile,"scenario", "URBAN_MACRO");
    char * LOS_char       = Seek_Char(infile,"los_type", "RANDOM");
    senario_decision( Senario_char );
    los_type_decision( LOS_char );
  }
  else if (argc == 1)
  {
    _seed = 100000;
    run_times = 100 ;
    num_drops = 2 ;
    num_user_cell = 10 ;
    num_received_antenna = 1 ;
    num_transmit_antenna = 1 ;
    scenario = 1;
    los_type = 2;
    ue_distribution = 0;
    PathLoss = 0;
    DelaySpread = 0;
    AngleSpread = 0;
    ChannelCoef = 0;
    num_compute_coef = 1;
    PDF = 0;
    sample_ue = 0;
  }
  else if (argc > 2)
  {
    cout << " Usage : run.exe filename " << endl; 
    exit(1);
  }
  // Configuration from Input file - TBA
  if ( scenario == INDOOR_HOTSPOT )
  {
    NUM_SECTORS = 2 ;
    num_compute_coef = 2 ;
  }
  else
  {
    NUM_SECTORS = 57 ;
  }
  num_ues = num_user_cell * NUM_SECTORS ;
}



/*===================================================================
FUNCTION: OpenFileIn()

AUTHOR: Noh, Junghoon

DESCRIPTION: used by simulationConfigure() to open the inputfile
   
===================================================================*/
bool OpenFileIn( fstream &file , char *name)
{
  bool status;

  file.open(name, ios::in);
  if (file.fail())
    status = false;
  else
    status = true;
  return status;
}

/*===================================================================
FUNCTION: Seek_Argument

AUTHOR: Noh, Junghoon

DESCRIPTION: find the argument from simulation configure file.
   
===================================================================*/
double Seek_Argument( fstream &file ,const char *name, double _default )
{ 
  void eatline( fstream &file );
  double argument = 0.0;
  bool I_got_it = false;
  char temp[30]; 
  char *_name = new char[30];
  strcpy( _name , name);
  
  while (!file.eof() && !I_got_it )
  {
    char comment_notice;
    file >> comment_notice;
    if ( comment_notice == '#')
      eatline( file ); 
    
    file.seekg(-1,ios::cur);
    file >> temp;
    if (!strcmp( _name,temp))
    {
      I_got_it = true;
      file >> argument;
    }
  }
  file.clear();
  file.seekg(0,ios::beg);
    
  if(I_got_it)
    return(argument);
  else
    return(_default);
}

/*===================================================================
FUNCTION: Seek_Char

AUTHOR: Noh, Junghoon

DESCRIPTION: Find the char variable from simulation configure file.
   
===================================================================*/
char* Seek_Char( fstream &file ,const char *name, const char* _default )
{
  void eatline( fstream &file );
  char* argument = new char[80];; 
  bool I_got_it = false;
  char temp[80];
  char *_name = new char[80];
  strcpy( _name , name);

  while (!file.eof() && !I_got_it )
  { 
    char comment_notice;
    file >> comment_notice;
    if ( comment_notice == '#')
      eatline( file ); 

    file.seekg(-1,ios::cur);
    file >> temp;
    if (!strcmp( _name,temp))
    {
      I_got_it = true;
      file >> argument;
    }
  }
  file.clear();
  file.seekg(0,ios::beg);

  if(I_got_it)
    return(argument);
  else
    return((char*)_default);
}

/*===================================================================
FUNCTION: eatline( fstream &file )

AUTHOR: Noh, Junghoon

DESCRIPTION: 

NOTES: ...
   
===================================================================*/
void eatline( fstream &file )
{
  char null_input[1000];
  file.getline(null_input,1000);
}

/*===================================================================
FUNCTION: senario_decision( char * Senario_char );

AUTHOR: Noh, Junghoon

DESCRIPTION: Read the senario type from configuration file

NOTES: ...
   
===================================================================*/
void senario_decision( char * Senario_char )
{
  char * Senario_char_;
  Senario_char_ = new char[50];
  strcpy( Senario_char_ , Senario_char);
  char * Senario_type_[6];
  
  for (int idx = 0; idx < 6; idx++)
  {
    Senario_type_[idx] = new char [50];
  }
   
  Senario_type_[0] = (char * )"INDOOR_HOTSPOT";
  Senario_type_[1] = (char * )"URBAN_MACRO";
  Senario_type_[2] = (char * )"URBAN_MICRO";
  Senario_type_[3] = (char * )"RURAL_MACRO";
  Senario_type_[4] = (char * )"SUBURBAN_MACRO";
  Senario_type_[5] = (char * )"OUTDOOR_2_INDOOR";

  for (int idx = 0;idx < 6; idx++ )
  {
    if (!strcmp( Senario_char_,Senario_type_[idx]))
    scenario = idx;
  }
}



/*===================================================================
FUNCTION: link_type_decision( char * Link_char );

AUTHOR: Kim, Kyung-Won

DESCRIPTION: Decide if it is Up-link or Down-link

NOTES: ...
   
===================================================================*/
void los_type_decision( char * LOS_char )
{
  char * LOS_char_;
  LOS_char_ = new char[50];
  strcpy( LOS_char_ , LOS_char);
  char * LOS_type_[3];
  
  for (int idx = 0; idx < 3; idx++)
  {
    LOS_type_[idx] = new char [50];
  }
   
  LOS_type_[0] = (char * )"LOS";
  LOS_type_[1] = (char * )"NLOS";
  LOS_type_[2] = (char * )"RANDOM";

  for (int idx = 0;idx < 3; idx++ )
  {
    if (!strcmp( LOS_char_,LOS_type_[idx]))
    los_type = idx;
  }
}


/*===================================================================
FUNCTION: InitializeSystem()

AUTHOR: SJ, DH, DW

DESCRIPTION: UE instantiation

NOTES: ...
   
===================================================================*/
void InitializeSystem()
{
  // Sector & UE instantiation
  ue     = new UE    [ num_ues  ] ;
}

/*===================================================================
FUNCTION: InitializeADrop()

AUTHOR: SJ

DESCRIPTION: Initialize a Drop

NOTES: Configure UE, initialize the maps
   
===================================================================*/
void InitializeADrop()
{
  for(int idx = 0 ; idx < num_ues ; idx ++)
  {
    ue[ idx ].Configure( idx ) ;
  }
}

/*===================================================================
FUNCTION: loading() 

AUTHOR: Noh, Junghoon

DESCRIPTION: Show How much simulation has proceeded

NOTES: Updated 7/10
   
===================================================================*/
void loading ()
{

    system("clear");
    cout << " Pleas Wait Until it get to the 100% " << endl;
    cout << "------------------------" <<"\t" 
         << 100.*(double)(t + 1 + drop_idx*run_times)/(double)(run_times*num_drops) << "%" << "\t"
         << "------------------------" <<endl;
    cout << " Current Drop is " << drop_idx+1 << "/" << num_drops <<endl;
    cout << "------------------------" <<"\t" 
         << 100.*(double)(t + 1)/(double)(run_times) << "%" << "\t"
         << "------------------------" <<endl;
}







initialization.h

#include "ue.h"
#include "rv_generate.h"
#include <complex>

using namespace std;

int t ;
int drop_idx;
int run_times ;
int num_drops ;
int num_user_cell ;
int num_ues ;
int num_received_antenna ;
int num_transmit_antenna ;
int scenario ;
int los_type ;
int ue_distribution;
int PathLoss;
int DelaySpread;
int AngleSpread;
int ChannelCoef;
int num_compute_coef;
int PDF;
int sample_ue;

complex <double> **** Coef ;
double ** Block_PL ;
double ***** Block_SS_1 ;
double ***** Block_SS_2 ;
double ***** Block_SS_3 ;
double ***** Block_SS_4 ;
double ***** Block_SS_5 ;
double ***** Block_SS_6 ;
double ***** Block_SS_7 ;
double ***** Block_SS_8 ;
int ** num_full_path ;

unsigned long _seed ;
int NUM_SECTORS ; 

Rand Rand((unsigned long long int)_seed);

UE                  * ue             ;












logging_point.cpp

#include "common.h"

#include "const.h"



//void Logging_point( void ) ;

void Get_Ue_Distribution( void ) ;

void Get_PathLoss( void ) ;

void Get_DelaySpread( void ) ;

void Get_AngleSpread( void ) ;

void Get_ChannelCoeff( void ) ;

void Get_PDF( void ) ;

void PDF_path_loss( void ) ;

void PDF_block_SS_1( void ) ;

void PDF_block_SS_2( void ) ;

void PDF_block_SS_3( void ) ;

void PDF_block_SS_4( void ) ;

void PDF_block_SS_5( void ) ;

void PDF_block_SS_6( void ) ;

void PDF_block_SS_7( void ) ;

//void Size_Logging_point_Parameters( void ) ;





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

FUNCTION: Logging_point()



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void Logging_Point()

{

  if ( ue_distribution == 1 && t == 0 )

  {

    Get_Ue_Distribution();

  }

  if ( PathLoss == 1 && t == 0 )

  {

    Get_PathLoss() ;

  }

  if( DelaySpread == 1 && t == 0 )

  {

    Get_DelaySpread() ;

  }

  if( AngleSpread == 1 && t == 0 )

  {

    Get_AngleSpread() ;

  }

  if( ChannelCoef == 1 && sample_ue > 0 && sample_ue-1 < num_ues )

  {

    Get_ChannelCoeff() ;

  }

  if( PDF == 1 && t == run_times-1 )

  {

    Get_PDF() ;

  }

}





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

FUNCTION: Get_Ue_Distribution()



AUTHOR: Kim, Kyung-Won



DESCRIPTION: Initialize a Drop



NOTES: 

   

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

void Get_Ue_Distribution()

{

  ofstream  Cell_location;

  ofstream  UE_location;



  if( drop_idx == 0 )

  {

    Cell_location.open( "./Output/Cell_location.dat" ,ios::out); 

    UE_location.open( "./Output/UE_location.dat" ,ios::out);

  }

  else

  {

    Cell_location.open( "./Output/Cell_location.dat" ,ios::app); 

    UE_location.open( "./Output/UE_location.dat" ,ios::app);

  }

  Cell_location << "# UE Distribution of " << drop_idx + 1 << " drop " << endl;

  Cell_location << "# The number of ue is " << num_ues << endl << endl;

  UE_location << "# UE Distribution of " << drop_idx  + 1<< " drop " << endl;

  UE_location << "# The number of ue is " << num_ues << endl << endl;



  LOCATION * ue_location;

  ue_location =  new LOCATION[num_ues];

  

  if( scenario == INDOOR_HOTSPOT )

  {

    Cell_location << -30. << "\t" << 0 << endl;

    Cell_location <<  30. << "\t" << 0 << endl;

    Cell_location << endl << endl << endl;



    for (int ue_idx = 0 ; ue_idx < num_ues ; ue_idx++ )

    {

      ue_location[ue_idx].x = ue[ue_idx].coordinate.x;

      ue_location[ue_idx].y = ue[ue_idx].coordinate.y;

    }

  }

  else

  {

    double d;

    if ( scenario == 1 )

      d = 500. ;

    else if ( scenario == 2 )

      d = 200. ;

    else if ( scenario == 3 )

      d = 1732. ;

    else if ( scenario == 4 )

      d = 1299. ;



    LOCATION cell_location[19];



    cell_location[16].x = (3./2.)*d;

    cell_location[16].y = d/sqrt((double)3);



    cell_location[17].x = (5./2.)*d;

    cell_location[17].y = d/sqrt((double)3);



    cell_location[18].x = (7./2.)*d;

    cell_location[18].y = d/sqrt((double)3);



    cell_location[15].x = d;

    cell_location[15].y = d/sqrt((double)3) + (sqrt((double)3)/2.)*d;



    cell_location[ 5].x = 2*d;

    cell_location[ 5].y = d/sqrt((double)3) + (sqrt((double)3)/2.)*d;



    cell_location[ 6].x = 3*d;

    cell_location[ 6].y = d/sqrt((double)3) + (sqrt((double)3)/2.)*d;



    cell_location[ 7].x = 4*d;

    cell_location[ 7].y = d/sqrt((double)3) + (sqrt((double)3)/2.)*d;



    cell_location[14].x = d/2.;

    cell_location[14].y = d/sqrt((double)3) + sqrt((double)3)*d;



    cell_location[ 4].x = (3./2.)*d;

    cell_location[ 4].y = d/sqrt((double)3) + sqrt((double)3)*d;



    cell_location[ 0].x = (5./2.)*d;

    cell_location[ 0].y = d/sqrt((double)3) + sqrt((double)3)*d;



    cell_location[ 1].x = (7./2.)*d;

    cell_location[ 1].y = d/sqrt((double)3) + sqrt((double)3)*d;



    cell_location[ 8].x = (9./2.)*d;

    cell_location[ 8].y = d/sqrt((double)3) + sqrt((double)3)*d;

 

    cell_location[13].x = d;

    cell_location[13].y = d/sqrt((double)3) + (3*sqrt((double)3)/2.)*d;



    cell_location[ 3].x = 2*d;

    cell_location[ 3].y = d/sqrt((double)3) + (3*sqrt((double)3)/2.)*d;



    cell_location[ 2].x = 3*d;

    cell_location[ 2].y = d/sqrt((double)3) + (3*sqrt((double)3)/2.)*d;



    cell_location[ 9].x = 4*d;

    cell_location[ 9].y = d/sqrt((double)3) + (3*sqrt((double)3)/2.)*d;



    cell_location[12].x = (3./2.)*d;

    cell_location[12].y = d/sqrt((double)3) + (4*sqrt((double)3)/2.)*d;



    cell_location[11].x = (5./2.)*d;

    cell_location[11].y = d/sqrt((double)3) + (4*sqrt((double)3)/2.)*d;



    cell_location[10].x = (7./2.)*d;

    cell_location[10].y = d/sqrt((double)3) + (4*sqrt((double)3)/2.)*d;



    for (int cell_idx = 0 ; cell_idx < 19  ; cell_idx++ )

    {

      Cell_location << cell_location[cell_idx].x << "\t" << cell_location[cell_idx].y << endl;

    }

    Cell_location << endl << endl << endl;



    for (int ue_idx = 0 ; ue_idx < num_ues ; ue_idx++ )

    {

      int cell_num = (int)(ue[ue_idx].sector_in_control/3);

      ue_location[ue_idx].x = cell_location[cell_num].x + ue[ue_idx].coordinate.x;

      ue_location[ue_idx].y = cell_location[cell_num].y + ue[ue_idx].coordinate.y;

    }

  }



  for (int ue_idx = 0 ; ue_idx < num_ues ; ue_idx++ )

  {

    UE_location << ue_location[ue_idx].x << "\t" << ue_location[ue_idx].y << "\t" << ue[ue_idx].static_gain[ue[ue_idx].sector_in_control] << endl;

  }

  UE_location << endl << endl << endl;



  if( drop_idx == num_drops )

  {

    Cell_location.close();

    UE_location.close();

  }

}





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

FUNCTION: Get_PathLoss()



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void Get_PathLoss( void )

{

  ofstream PL ;

  if( drop_idx == 0 )

  {

    PL.open("./Output/PathLoss.dat",ios::out) ;

  }

  else

  {

    PL.open("./Output/PathLoss.dat",ios::app) ;

  }  

  if( drop_idx == 0 )

  {

    PL << "# Output is ( distance[m], PathLoss[dB] )" << endl << endl << endl << endl ;

  }



  PL << "(drop = " << drop_idx << ")" << endl << endl ;

  for(int ue_idx = 0; ue_idx < num_ues / 3; ue_idx++)

  {

    for(int cell_idx = 0; cell_idx < NUM_SECTORS / 3; cell_idx++)

    {

      PL << ue[ ue_idx ].Distance[ 3 * cell_idx ] << "\t" ;

      PL << ue[ ue_idx ].PathLoss[ 3 * cell_idx ] << endl ;

    }

  }

  PL << endl << endl ;



  if( drop_idx == num_drops )

  {

    PL.close();

  }

}



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

FUNCTION: Get_DelaySpread( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void Get_DelaySpread( void )

{

  ofstream DS ;

  if( drop_idx == 0 )

  {

    DS.open("./Output/DelaySpread.dat",ios::out) ;

  }

  else

  {

    DS.open("./Output/DelaySpread.dat",ios::app) ;

  } 

  DS << "# Output is ( time[second], power[dB] )" << endl

     << "# u is received antenna index." << endl

     << "# s is transmitt antenna index." << endl << endl << endl << endl;



  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )

  {

    for( int u = 0; u < num_received_antenna; u++ )

    {

      for( int s = 0; s < num_transmit_antenna; s++ )

      {

        DS << "(ue = " << ue_idx << ", drop = " << drop_idx << ", u = " << u << ", s = " << s << ")" << endl << endl ;

        for(int cluster_idx = 0; cluster_idx < num_path[ue_idx][0]; cluster_idx++)

        {

          DS << delay[ ue_idx ][0][ cluster_idx ][ u ][ s ] << "\t" ;

          DS << cluster_power[ ue_idx ][0][ cluster_idx ][ u ][ s ] << endl ;

        }

        DS << endl << endl ;

      }

    }

  }



  if( drop_idx == num_drops )

  {

    DS.close();

  }

}





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

FUNCTION: Get_AngleSpread( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void Get_AngleSpread( void )

{

  ofstream AoA ;

  ofstream AoD ;

  if( drop_idx == 0 )

  {

    AoA.open("./Output/AoASpread.dat",ios::out) ;

  }

  else

  {

    AoA.open("./Output/AoASpread.dat",ios::app) ;

  }

  if( drop_idx == 0 )

  {

    AoD.open("./Output/AoDSpread.dat",ios::out) ;

  }

  else

  {

    AoD.open("./Output/AoDSpread.dat",ios::app) ;

  }

  if( drop_idx == 0 )

  {

    AoA << "# Output is ( angle[dgree], power[dB] )" << endl

        << "# u is received antenna index." << endl

        << "# s is transmitt antenna index." << endl << endl << endl << endl;

    AoD << "# Output is ( angle[dgree], power[dB] )" << endl

        << "# u is received antenna index." << endl

        << "# s is transmitt antenna index." << endl << endl << endl << endl;

  }



  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )

  {

    for( int u = 0; u < num_received_antenna; u++ )

    {

      for( int s = 0; s < num_transmit_antenna; s++ )

      {

        AoA << "(ue = " << ue_idx << ", drop = " << drop_idx << ", u = " << u << ", s = " << s << ")" << endl

            << "travel angle of is " << travel_angle[ue_idx] << endl<< endl ;

        AoD << "(ue = " << ue_idx << ", drop = " << drop_idx << ", u = " << u << ", s = " << s << ")" << endl << endl ;

        for(int cluster_idx = 0; cluster_idx < num_path[ue_idx][0]; cluster_idx++)

        {

          AoA << arrival_angle[ue_idx][0][cluster_idx][ u ][ s ] << "\t" ;

          AoA << cluster_power[ue_idx][0][cluster_idx][ u ][ s ] << endl ;

          AoD << depart_angle[ue_idx][0][cluster_idx][ u ][ s ] << "\t" ;

          AoD << cluster_power[ue_idx][0][cluster_idx][ u ][ s ] << endl ;

        }

        AoA << endl << endl ;

        AoD << endl << endl ;

      }

    }

  }



  if( drop_idx == num_drops )

  {

    AoA.close();

    AoD.close();

  }

}





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

FUNCTION: Get_ChannelCoeff( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void Get_ChannelCoeff( void )

{

  for(int path_idx = 0; path_idx < num_path[ sample_ue-1 ][0]; path_idx++)

  {

    for(int u = 0; u < num_received_antenna; u++)

    {

      for(int s = 0; s < num_transmit_antenna; s++)

      {

        Coef[ path_idx ][ u ][ s ][ t ] = Channel_coef[ sample_ue-1 ][0][ path_idx ][ u ][ s ] ;

      }

    }

  }



  if( t == run_times-1 )

  {

    ofstream Channel ;

    if( drop_idx == 0 )

    {

      Channel.open("./Output/Channel_Coef.dat",ios::out) ;

    }

    else

    {

      Channel.open("./Output/Channel_Coef.dat",ios::app) ;

    }

    if( drop_idx == 0 )

    {

      Channel << "# Output is ( time[s], |Channel_Coef| )" << endl

              << "# Channel_Coef is normalized." << endl

              << "# path is multipath index." << endl

              << "# u is received antenna index." << endl

              << "# s is transmitt antenna index." << endl << endl << endl << endl;

    }



    for(int u = 0; u < num_received_antenna; u++)

    {

      for(int s = 0; s < num_transmit_antenna; s++)

      {

        for(int path_idx = 0; path_idx < num_path[ sample_ue-1 ][0]; path_idx++)

        {

          Channel << "(drop = " << drop_idx << ", path = " << path_idx << ", u = " << u << ", s = " << s << ")" ;

          if( num_rays[sample_ue-1][0][path_idx][u][s] != 20 )

          {

            Channel << " # sub-cluster" ;

          }

          Channel << endl << endl ;

          for(int t_idx = 0; t_idx < run_times; t_idx++)

          {

            Channel << 0.001*t_idx << "\t" << abs( Coef[ path_idx ][ u ][ s ][ t_idx ] ) << endl ;

          }

          Channel << endl << endl ;

        }

      }

    }



    if( drop_idx == num_drops )

    {

      Channel.close();

    }

  }

}





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

FUNCTION: Get_PDF( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void Get_PDF()

{

  for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )

  {

    num_full_path[drop_idx][ue_idx] = num_path[ue_idx][0]-4 ;

    Block_PL[drop_idx][ue_idx] = ue[ ue_idx ].PathLoss[ (int)( ue[ue_idx].sector_in_control ) ] ;

  }



  if( drop_idx == num_drops-1 )

  {

    PDF_path_loss() ;

    PDF_block_SS_1() ;

    PDF_block_SS_2() ;

    PDF_block_SS_3() ;

    PDF_block_SS_4() ;

    PDF_block_SS_5() ;

    PDF_block_SS_6() ;

    PDF_block_SS_7() ;

  }

}





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

FUNCTION: PDF_path_loss( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_path_loss() 

{

  double min_value = 0. ;

  double max_value = 150. ;

  double gab = ( max_value - min_value ) / 199. ;



  ofstream PDF_PL ;



  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_PL.open("./Output/PDF_InH_NLOS_PL.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_PL.open("./Output/PDF_InH_LOS_PL.dat",ios::out) ;

    }

    else

    {

      PDF_PL.open("./Output/PDF_InH_PL.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_PL.open("./Output/PDF_UMa_NLOS_PL.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_PL.open("./Output/PDF_UMa_LOS_PL.dat",ios::out) ;

    }

    else

    {

      PDF_PL.open("./Output/PDF_UMa_PL.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_PL.open("./Output/PDF_UMi_NLOS_PL.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_PL.open("./Output/PDF_UMi_LOS_PL.dat",ios::out) ;

    }

    else

    {

      PDF_PL.open("./Output/PDF_UMi_PL.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_PL.open("./Output/PDF_RMa_NLOS_PL.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_PL.open("./Output/PDF_RMa_LOS_PL.dat",ios::out) ;

    }

    else

    {

      PDF_PL.open("./Output/PDF_RMa_PL.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_PL.open("./Output/PDF_SMa_NLOS_PL.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_PL.open("./Output/PDF_SMa_LOS_PL.dat",ios::out) ;

    }

    else

    {

      PDF_PL.open("./Output/PDF_SMa_PL.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_PL.open("./Output/PDF_OtoI_NLOS_PL.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_PL.open("./Output/PDF_OtoI_LOS_PL.dat",ios::out) ;

    }

    else

    {

      PDF_PL.open("./Output/PDF_OtoI_PL.dat",ios::out) ;

    }

  }



  double out_PL[200] ;

  double PD_PL[200] ;

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

  {

  	out_PL[ PD_idx ] = 0 ;

  	PD_PL[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

  {

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        out_PL[ PD_idx ] = min_value + gab * PD_idx ;

        if( Block_PL[drop][ue_idx] >= out_PL[ PD_idx ] 

            && Block_PL[drop][ue_idx] < out_PL[ PD_idx ] + gab )

        {

          PD_PL[ PD_idx ] = PD_PL[ PD_idx ] + 1. / (double)( num_drops * num_ues * gab ) ;

        }

      }

    }

    PDF_PL << out_PL[ PD_idx ] << "\t" ;

    PDF_PL << PD_PL[ PD_idx ] << endl ;

  }

  PDF_PL.close();

}





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

FUNCTION: PDF_block_SS_1( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_block_SS_1()

{

  double min_value = 0. ;

  double max_value = pow(0.1, 6) ;

  double gab = ( max_value - min_value ) / 199. ;

  

  ofstream PDF_SS_1 ;

  

  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_SS_1.open("./Output/PDF_InH_NLOS_SS_1.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_1.open("./Output/PDF_InH_LOS_SS_1.dat",ios::out) ;

    }

    else

    {

      PDF_SS_1.open("./Output/PDF_InH_SS_1.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_SS_1.open("./Output/PDF_UMa_NLOS_SS_1.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_1.open("./Output/PDF_UMa_LOS_SS_1.dat",ios::out) ;

    }

    else

    {

      PDF_SS_1.open("./Output/PDF_UMa_SS_1.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_1.open("./Output/PDF_UMi_NLOS_SS_1.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_1.open("./Output/PDF_UMi_LOS_SS_1.dat",ios::out) ;

    }

    else

    {

      PDF_SS_1.open("./Output/PDF_UMi_SS_1.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_1.open("./Output/PDF_RMa_NLOS_SS_1.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_1.open("./Output/PDF_RMa_LOS_SS_1.dat",ios::out) ;

    }

    else

    {

      PDF_SS_1.open("./Output/PDF_RMa_SS_1.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_1.open("./Output/PDF_SMa_NLOS_SS_1.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_1.open("./Output/PDF_SMa_LOS_SS_1.dat",ios::out) ;

    }

    else

    {

      PDF_SS_1.open("./Output/PDF_SMa_SS_1.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_1.open("./Output/PDF_OtoI_NLOS_SS_1.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_1.open("./Output/PDF_OtoI_LOS_SS_1.dat",ios::out) ;

    }

    else

    {

      PDF_SS_1.open("./Output/PDF_OtoI_SS_1.dat",ios::out) ;

    }

  }



//  PDF_SS_1 << "# Output is ( output of Block_SS_1, probability density )" << endl << endl << endl << endl;

  double out_SS_1[200] ;

  double PD_SS_1[200] ;

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

  {

  	out_SS_1[ PD_idx ] = 0 ;

  	PD_SS_1[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

	{

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        for(int path_idx = 0; path_idx < num_full_path[drop][ue_idx]; path_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

          		out_SS_1[ PD_idx ] = min_value + gab * PD_idx ;

            	if( Block_SS_1[ drop ][ ue_idx ][ path_idx ][u][s] >= out_SS_1[ PD_idx ] && Block_SS_1[ drop ][ ue_idx ][ path_idx ][u][s] < out_SS_1[ PD_idx ] + gab )

              {

              	PD_SS_1[ PD_idx ] = PD_SS_1[ PD_idx ] + 1. / (double)( num_drops * num_ues * num_full_path[drop][ue_idx] * num_received_antenna * num_transmit_antenna * gab ) ;

              }

            }

        	}

        }

      }

    }

    PDF_SS_1 << out_SS_1[ PD_idx ] << "\t" ;

    PDF_SS_1 << PD_SS_1[ PD_idx ] << endl ;

  }

  PDF_SS_1.close();

}



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

FUNCTION: PDF_block_SS_2( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_block_SS_2()

{

  double min_value = 0. ;

  double max_value = pow(0.1, 6) ;

  double gab = ( max_value - min_value ) / 199. ;

  

  ofstream PDF_SS_2 ;

  

  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_SS_2.open("./Output/PDF_InH_NLOS_SS_2.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_2.open("./Output/PDF_InH_LOS_SS_2.dat",ios::out) ;

    }

    else

    {

      PDF_SS_2.open("./Output/PDF_InH_SS_2.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_SS_2.open("./Output/PDF_UMa_NLOS_SS_2.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_2.open("./Output/PDF_UMa_LOS_SS_2.dat",ios::out) ;

    }

    else

    {

      PDF_SS_2.open("./Output/PDF_UMa_SS_2.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_2.open("./Output/PDF_UMi_NLOS_SS_2.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_2.open("./Output/PDF_UMi_LOS_SS_2.dat",ios::out) ;

    }

    else

    {

      PDF_SS_2.open("./Output/PDF_UMi_SS_2.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_2.open("./Output/PDF_RMa_NLOS_SS_2.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_2.open("./Output/PDF_RMa_LOS_SS_2.dat",ios::out) ;

    }

    else

    {

      PDF_SS_2.open("./Output/PDF_RMa_SS_2.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_2.open("./Output/PDF_SMa_NLOS_SS_2.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_2.open("./Output/PDF_SMa_LOS_SS_2.dat",ios::out) ;

    }

    else

    {

      PDF_SS_2.open("./Output/PDF_SMa_SS_2.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_2.open("./Output/PDF_OtoI_NLOS_SS_2.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_2.open("./Output/PDF_OtoI_LOS_SS_2.dat",ios::out) ;

    }

    else

    {

      PDF_SS_2.open("./Output/PDF_OtoI_SS_2.dat",ios::out) ;

    }

  }



//  PDF_SS_2 << "# Output is ( output of Block_SS_2, probability density )" << endl << endl << endl << endl;

  double out_SS_2[200] ;

  double PD_SS_2[200] ;

 	for(int PD_idx = 0; PD_idx < 200; PD_idx++)

  {

  	out_SS_2[ PD_idx ] = 0 ;

  	PD_SS_2[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

	{

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        for(int path_idx = 0; path_idx < num_full_path[drop][ue_idx]; path_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

          		out_SS_2[ PD_idx ] = min_value + gab * PD_idx ;

            	if( Block_SS_2[ drop ][ ue_idx ][ path_idx ][u][s] >= out_SS_2[ PD_idx ] && Block_SS_2[ drop ][ ue_idx ][ path_idx ][u][s] < out_SS_2[ PD_idx ] + gab )

              {

              	PD_SS_2[ PD_idx ] = PD_SS_2[ PD_idx ] + 1. / (double)( num_drops * num_ues * num_full_path[drop][ue_idx] * num_received_antenna * num_transmit_antenna * gab ) ;

              }

            }

        	}

        }

      }

    }

    PDF_SS_2 << out_SS_2[ PD_idx ] << "\t" ;

    PDF_SS_2 << PD_SS_2[ PD_idx ] << endl ;

  }

  PDF_SS_2.close();

}



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

FUNCTION: PDF_block_SS_3( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_block_SS_3()

{

  double min_value = 0. ;

  double max_value = 1. ;

  double gab = ( max_value - min_value ) / 199. ;

  

  ofstream PDF_SS_3 ;

  

  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_SS_3.open("./Output/PDF_InH_NLOS_SS_3.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_3.open("./Output/PDF_InH_LOS_SS_3.dat",ios::out) ;

    }

    else

    {

      PDF_SS_3.open("./Output/PDF_InH_SS_3.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_SS_3.open("./Output/PDF_UMa_NLOS_SS_3.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_3.open("./Output/PDF_UMa_LOS_SS_3.dat",ios::out) ;

    }

    else

    {

      PDF_SS_3.open("./Output/PDF_UMa_SS_3.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_3.open("./Output/PDF_UMi_NLOS_SS_3.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_3.open("./Output/PDF_UMi_LOS_SS_3.dat",ios::out) ;

    }

    else

    {

      PDF_SS_3.open("./Output/PDF_UMi_SS_3.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_3.open("./Output/PDF_RMa_NLOS_SS_3.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_3.open("./Output/PDF_RMa_LOS_SS_3.dat",ios::out) ;

    }

    else

    {

      PDF_SS_3.open("./Output/PDF_RMa_SS_3.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_3.open("./Output/PDF_SMa_NLOS_SS_3.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_3.open("./Output/PDF_SMa_LOS_SS_3.dat",ios::out) ;

    }

    else

    {

      PDF_SS_3.open("./Output/PDF_SMa_SS_3.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_3.open("./Output/PDF_OtoI_NLOS_SS_3.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_3.open("./Output/PDF_OtoI_LOS_SS_3.dat",ios::out) ;

    }

    else

    {

      PDF_SS_3.open("./Output/PDF_OtoI_SS_3.dat",ios::out) ;

    }

  }



//  PDF_SS_3 << "# Output is ( output of Block_SS_3, probability density )" << endl << endl << endl << endl;

  double out_SS_3[200] ;

  double PD_SS_3[200] ;

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

  {

  	out_SS_3[ PD_idx ] = 0 ;

  	PD_SS_3[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

	{

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        for(int path_idx = 0; path_idx < num_full_path[drop][ue_idx]; path_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

          		out_SS_3[ PD_idx ] = min_value + gab * PD_idx ;

            	if( Block_SS_3[ drop ][ ue_idx ][ path_idx ][u][s] >= out_SS_3[ PD_idx ] && Block_SS_3[ drop ][ ue_idx ][ path_idx ][u][s] < out_SS_3[ PD_idx ] + gab )

              {

              	PD_SS_3[ PD_idx ] = PD_SS_3[ PD_idx ] + 1. / (double)( num_drops * num_ues * num_full_path[drop][ue_idx] * num_received_antenna * num_transmit_antenna * gab ) ;

              }

            }

        	}

        }

      }

    }

    PDF_SS_3 << out_SS_3[ PD_idx ] << "\t" ;

    PDF_SS_3 << PD_SS_3[ PD_idx ] << endl ;

  }

  PDF_SS_3.close();

}



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

FUNCTION: PDF_block_SS_4( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_block_SS_4()

{

  double min_value = 0. ;

  double max_value = 1000. ;

  double gab = ( max_value - min_value ) / 199. ;

  

  ofstream PDF_SS_4 ;

  

  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_SS_4.open("./Output/PDF_InH_NLOS_SS_4.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_4.open("./Output/PDF_InH_LOS_SS_4.dat",ios::out) ;

    }

    else

    {

      PDF_SS_4.open("./Output/PDF_InH_SS_4.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_SS_4.open("./Output/PDF_UMa_NLOS_SS_4.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_4.open("./Output/PDF_UMa_LOS_SS_4.dat",ios::out) ;

    }

    else

    {

      PDF_SS_4.open("./Output/PDF_UMa_SS_4.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_4.open("./Output/PDF_UMi_NLOS_SS_4.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_4.open("./Output/PDF_UMi_LOS_SS_4.dat",ios::out) ;

    }

    else

    {

      PDF_SS_4.open("./Output/PDF_UMi_SS_4.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_4.open("./Output/PDF_RMa_NLOS_SS_4.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_4.open("./Output/PDF_RMa_LOS_SS_4.dat",ios::out) ;

    }

    else

    {

      PDF_SS_4.open("./Output/PDF_RMa_SS_4.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_4.open("./Output/PDF_SMa_NLOS_SS_4.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_4.open("./Output/PDF_SMa_LOS_SS_4.dat",ios::out) ;

    }

    else

    {

      PDF_SS_4.open("./Output/PDF_SMa_SS_4.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_4.open("./Output/PDF_OtoI_NLOS_SS_4.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_4.open("./Output/PDF_OtoI_LOS_SS_4.dat",ios::out) ;

    }

    else

    {

      PDF_SS_4.open("./Output/PDF_OtoI_SS_4.dat",ios::out) ;

    }

  }



//  PDF_SS_4 << "# Output is ( output of Block_SS_4, probability density )" << endl << endl << endl << endl;

  double out_SS_4[200] ;

  double PD_SS_4[200] ;

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

  {

  	out_SS_4[ PD_idx ] = 0 ;

  	PD_SS_4[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

	{

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        for(int path_idx = 0; path_idx < num_full_path[drop][ue_idx]; path_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

          		out_SS_4[ PD_idx ] = min_value + gab * PD_idx ;

            	if( Block_SS_4[ drop ][ ue_idx ][ path_idx ][u][s] >= out_SS_4[ PD_idx ] && Block_SS_4[ drop ][ ue_idx ][ path_idx ][u][s] < out_SS_4[ PD_idx ] + gab )

              {

              	PD_SS_4[ PD_idx ] = PD_SS_4[ PD_idx ] + 1. / (double)( num_drops * num_ues * num_full_path[drop][ue_idx] * num_received_antenna * num_transmit_antenna * gab ) ;

              }

            }

        	}

        }

      }

    }

    PDF_SS_4 << out_SS_4[ PD_idx ] << "\t" ;

    PDF_SS_4 << PD_SS_4[ PD_idx ] << endl ;

  }

  PDF_SS_4.close();

}



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

FUNCTION: PDF_block_SS_5( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_block_SS_5()

{

  double min_value = 0. ;

  double max_value = 1000. ;

  double gab = ( max_value - min_value ) / 199. ;

  

  ofstream PDF_SS_5 ;

  

  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_SS_5.open("./Output/PDF_InH_NLOS_SS_5.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_5.open("./Output/PDF_InH_LOS_SS_5.dat",ios::out) ;

    }

    else

    {

      PDF_SS_5.open("./Output/PDF_InH_SS_5.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_SS_5.open("./Output/PDF_UMa_NLOS_SS_5.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_5.open("./Output/PDF_UMa_LOS_SS_5.dat",ios::out) ;

    }

    else

    {

      PDF_SS_5.open("./Output/PDF_UMa_SS_5.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_5.open("./Output/PDF_UMi_NLOS_SS_5.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_5.open("./Output/PDF_UMi_LOS_SS_5.dat",ios::out) ;

    }

    else

    {

      PDF_SS_5.open("./Output/PDF_UMi_SS_5.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_5.open("./Output/PDF_RMa_NLOS_SS_5.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_5.open("./Output/PDF_RMa_LOS_SS_5.dat",ios::out) ;

    }

    else

    {

      PDF_SS_5.open("./Output/PDF_RMa_SS_5.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_5.open("./Output/PDF_SMa_NLOS_SS_5.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_5.open("./Output/PDF_SMa_LOS_SS_5.dat",ios::out) ;

    }

    else

    {

      PDF_SS_5.open("./Output/PDF_SMa_SS_5.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_5.open("./Output/PDF_OtoI_NLOS_SS_5.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_5.open("./Output/PDF_OtoI_LOS_SS_5.dat",ios::out) ;

    }

    else

    {

      PDF_SS_5.open("./Output/PDF_OtoI_SS_5.dat",ios::out) ;

    }

  }



//  PDF_SS_5 << "# Output is ( output of Block_SS_5, probability density )" << endl << endl << endl << endl;

  double out_SS_5[200] ;

  double PD_SS_5[200] ;

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

  {

  	out_SS_5[ PD_idx ] = 0 ;

  	PD_SS_5[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 200; PD_idx++)

	{

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        for(int path_idx = 0; path_idx < num_full_path[drop][ue_idx]; path_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

          		out_SS_5[ PD_idx ] = min_value + gab * PD_idx ;

            	if( Block_SS_5[ drop ][ ue_idx ][ path_idx ][u][s] >= out_SS_5[ PD_idx ] && Block_SS_5[ drop ][ ue_idx ][ path_idx ][u][s] < out_SS_5[ PD_idx ] + gab )

              {

              	PD_SS_5[ PD_idx ] = PD_SS_5[ PD_idx ] + 1. / (double)( num_drops * num_ues * num_full_path[drop][ue_idx] * num_received_antenna * num_transmit_antenna * gab ) ;

              }

            }

        	}

        }

      }

    }

    PDF_SS_5 << out_SS_5[ PD_idx ] << "\t" ;

    PDF_SS_5 << PD_SS_5[ PD_idx ] << endl ;

  }

  PDF_SS_5.close();

}



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

FUNCTION: PDF_block_SS_6( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_block_SS_6()

{

  double min_value = -180. ;

  double max_value = 180. ;

  double gab = ( max_value - min_value ) / 49. ;

  

  ofstream PDF_SS_6 ;

  

  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_SS_6.open("./Output/PDF_InH_NLOS_SS_6.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_6.open("./Output/PDF_InH_LOS_SS_6.dat",ios::out) ;

    }

    else

    {

      PDF_SS_6.open("./Output/PDF_InH_SS_6.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_SS_6.open("./Output/PDF_UMa_NLOS_SS_6.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_6.open("./Output/PDF_UMa_LOS_SS_6.dat",ios::out) ;

    }

    else

    {

      PDF_SS_6.open("./Output/PDF_UMa_SS_6.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_6.open("./Output/PDF_UMi_NLOS_SS_6.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_6.open("./Output/PDF_UMi_LOS_SS_6.dat",ios::out) ;

    }

    else

    {

      PDF_SS_6.open("./Output/PDF_UMi_SS_6.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_6.open("./Output/PDF_RMa_NLOS_SS_6.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_6.open("./Output/PDF_RMa_LOS_SS_6.dat",ios::out) ;

    }

    else

    {

      PDF_SS_6.open("./Output/PDF_RMa_SS_6.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_6.open("./Output/PDF_SMa_NLOS_SS_6.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_6.open("./Output/PDF_SMa_LOS_SS_6.dat",ios::out) ;

    }

    else

    {

      PDF_SS_6.open("./Output/PDF_SMa_SS_6.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_6.open("./Output/PDF_OtoI_NLOS_SS_6.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_6.open("./Output/PDF_OtoI_LOS_SS_6.dat",ios::out) ;

    }

    else

    {

      PDF_SS_6.open("./Output/PDF_OtoI_SS_6.dat",ios::out) ;

    }

  }



//  PDF_SS_6 << "# Output is ( output of Block_SS_6, probability density )" << endl << endl << endl << endl;

  double out_SS_6[50] ;

  double PD_SS_6[50] ;

  for(int PD_idx = 0; PD_idx < 50; PD_idx++)

  {

  	out_SS_6[ PD_idx ] = 0 ;

  	PD_SS_6[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 50; PD_idx++)

	{

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        for(int path_idx = 0; path_idx < num_full_path[drop][ue_idx]; path_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

          		out_SS_6[ PD_idx ] = min_value + gab * PD_idx ;

            	if( Block_SS_6[ drop ][ ue_idx ][ path_idx ][u][s] >= out_SS_6[ PD_idx ] && Block_SS_6[ drop ][ ue_idx ][ path_idx ][u][s] < out_SS_6[ PD_idx ] + gab )

              {

              	PD_SS_6[ PD_idx ] = PD_SS_6[ PD_idx ] + 1. / (double)( num_drops * num_ues * num_full_path[drop][ue_idx] * num_received_antenna * num_transmit_antenna * gab ) ;

              }

            }

        	}

        }

      }

    }

    PDF_SS_6 << out_SS_6[ PD_idx ] << "\t" ;

    PDF_SS_6 << PD_SS_6[ PD_idx ] << endl ;

  }

  PDF_SS_6.close();

}



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

FUNCTION: PDF_block_SS_7( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void PDF_block_SS_7()

{

  double min_value = -180. ;

  double max_value = 180. ;

  double gab = ( max_value - min_value ) / 49. ;

  

  ofstream PDF_SS_7 ;

  

  if ( scenario == INDOOR_HOTSPOT ) 

  {

    if ( los_type == NLOS )

    {

      PDF_SS_7.open("./Output/PDF_InH_NLOS_SS_7.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_7.open("./Output/PDF_InH_LOS_SS_7.dat",ios::out) ;

    }

    else

    {

      PDF_SS_7.open("./Output/PDF_InH_SS_7.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MACRO )

  {

    if ( los_type == NLOS )

    {

      PDF_SS_7.open("./Output/PDF_UMa_NLOS_SS_7.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_7.open("./Output/PDF_UMa_LOS_SS_7.dat",ios::out) ;

    }

    else

    {

      PDF_SS_7.open("./Output/PDF_UMa_SS_7.dat",ios::out) ;

    }

  }

  else if ( scenario == URBAN_MICRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_7.open("./Output/PDF_UMi_NLOS_SS_7.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_7.open("./Output/PDF_UMi_LOS_SS_7.dat",ios::out) ;

    }

    else

    {

      PDF_SS_7.open("./Output/PDF_UMi_SS_7.dat",ios::out) ;

    }

  }

  else if ( scenario == RURAL_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_7.open("./Output/PDF_RMa_NLOS_SS_7.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_7.open("./Output/PDF_RMa_LOS_SS_7.dat",ios::out) ;

    }

    else

    {

      PDF_SS_7.open("./Output/PDF_RMa_SS_7.dat",ios::out) ;

    }

  }

  else if ( scenario == SUBURBAN_MACRO ) 

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_7.open("./Output/PDF_SMa_NLOS_SS_7.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_7.open("./Output/PDF_SMa_LOS_SS_7.dat",ios::out) ;

    }

    else

    {

      PDF_SS_7.open("./Output/PDF_SMa_SS_7.dat",ios::out) ;

    }

  }

  else                         

  { 

    if ( los_type == NLOS )

    {

      PDF_SS_7.open("./Output/PDF_OtoI_NLOS_SS_7.dat",ios::out) ;

    }

    else if ( los_type == LOS )

    {

      PDF_SS_7.open("./Output/PDF_OtoI_LOS_SS_7.dat",ios::out) ;

    }

    else

    {

      PDF_SS_7.open("./Output/PDF_OtoI_SS_7.dat",ios::out) ;

    }

  }



//  PDF_SS_7 << "# Output is ( output of Block_SS_7, probability density )" << endl << endl << endl << endl;

  double out_SS_7[50] ;

  double PD_SS_7[50] ;

  for(int PD_idx = 0; PD_idx < 50; PD_idx++)

  {

  	out_SS_7[ PD_idx ] = 0 ;

  	PD_SS_7[ PD_idx ] = 0 ;

  }

  for(int PD_idx = 0; PD_idx < 50; PD_idx++)

	{

    for(int drop = 0; drop < num_drops; drop++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx++)

      {

        for(int path_idx = 0; path_idx < num_full_path[drop][ue_idx]; path_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

          		out_SS_7[ PD_idx ] = min_value + gab * PD_idx ;

            	if( Block_SS_7[ drop ][ ue_idx ][ path_idx ][u][s] >= out_SS_7[ PD_idx ] && Block_SS_7[ drop ][ ue_idx ][ path_idx ][u][s] < out_SS_7[ PD_idx ] + gab )

              {

              	PD_SS_7[ PD_idx ] = PD_SS_7[ PD_idx ] + 1. / (double)( num_drops * num_ues * num_full_path[drop][ue_idx] * num_received_antenna * num_transmit_antenna * gab ) ;

              }

            }

        	}

        }

      }

    }

    PDF_SS_7 << out_SS_7[ PD_idx ] << "\t" ;

    PDF_SS_7 << PD_SS_7[ PD_idx ] << endl ;

  }

  PDF_SS_7.close();

}



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

FUNCTION: Size_Logging_point_Parameters( void )



AUTHOR: Kim, Kyung-Won



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

void Size_Logging_point_Parameters()

{

  Coef = new complex <double> *** [ MAX_NUM_CLUSTERS ] ;

  for( int path_idx = 0; path_idx < MAX_NUM_CLUSTERS; path_idx++ )

  {

    Coef[ path_idx ] = new complex <double> ** [ num_received_antenna ] ;

    for( int u = 0; u < num_received_antenna; u++ )

    {

      Coef[ path_idx ][ u ] = new complex <double> * [ num_transmit_antenna ] ;

      for( int s = 0; s < num_transmit_antenna; s++ )

      {

        Coef[ path_idx ][ u ][ s ] = new complex <double> [ run_times ] ;

      }

    }

  }



  num_full_path = new int * [ num_drops ] ;

  for( drop_idx = 0; drop_idx < num_drops; drop_idx ++ )

  {

   num_full_path[ drop_idx ] = new int [ num_ues ] ;

  }



  Block_PL = new double * [ num_drops ] ;

  Block_SS_1 = new double **** [ num_drops ] ;

  Block_SS_2 = new double **** [ num_drops ] ;

  Block_SS_3 = new double **** [ num_drops ] ;

  Block_SS_4 = new double **** [ num_drops ] ;

  Block_SS_5 = new double **** [ num_drops ] ;

  Block_SS_6 = new double **** [ num_drops ] ;

  Block_SS_7 = new double **** [ num_drops ] ;

  for( drop_idx = 0; drop_idx < num_drops; drop_idx ++ )

  {

    Block_PL[ drop_idx ] = new double [ num_ues ] ;

    Block_SS_1[ drop_idx ] = new double *** [ num_ues ] ;

    Block_SS_2[ drop_idx ] = new double *** [ num_ues ] ;

    Block_SS_3[ drop_idx ] = new double *** [ num_ues ] ;

    Block_SS_4[ drop_idx ] = new double *** [ num_ues ] ;

    Block_SS_5[ drop_idx ] = new double *** [ num_ues ] ;

    Block_SS_6[ drop_idx ] = new double *** [ num_ues ] ;

    Block_SS_7[ drop_idx ] = new double *** [ num_ues ] ;

    for( int ue_idx = 0; ue_idx < num_ues; ue_idx++ )

    {

      Block_SS_1[ drop_idx ][ ue_idx ] = new double ** [MAX_NUM_CLUSTERS];

      Block_SS_2[ drop_idx ][ ue_idx ] = new double ** [MAX_NUM_CLUSTERS];

      Block_SS_3[ drop_idx ][ ue_idx ] = new double ** [MAX_NUM_CLUSTERS];

      Block_SS_4[ drop_idx ][ ue_idx ] = new double ** [MAX_NUM_CLUSTERS];

      Block_SS_5[ drop_idx ][ ue_idx ] = new double ** [MAX_NUM_CLUSTERS];

      Block_SS_6[ drop_idx ][ ue_idx ] = new double ** [MAX_NUM_CLUSTERS];

      Block_SS_7[ drop_idx ][ ue_idx ] = new double ** [MAX_NUM_CLUSTERS];

      for( int path_idx = 0; path_idx < MAX_NUM_CLUSTERS; path_idx++ )

      {

        Block_SS_1[ drop_idx ][ ue_idx ][ path_idx ] = new double * [ num_received_antenna ] ;

        Block_SS_2[ drop_idx ][ ue_idx ][ path_idx ] = new double * [ num_received_antenna ] ;

        Block_SS_3[ drop_idx ][ ue_idx ][ path_idx ] = new double * [ num_received_antenna ] ;

        Block_SS_4[ drop_idx ][ ue_idx ][ path_idx ] = new double * [ num_received_antenna ] ;

        Block_SS_5[ drop_idx ][ ue_idx ][ path_idx ] = new double * [ num_received_antenna ] ;

        Block_SS_6[ drop_idx ][ ue_idx ][ path_idx ] = new double * [ num_received_antenna ] ;

        Block_SS_7[ drop_idx ][ ue_idx ][ path_idx ] = new double * [ num_received_antenna ] ;

        for( int u = 0; u < num_received_antenna; u++ )

        {

          Block_SS_1[ drop_idx ][ ue_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;

          Block_SS_2[ drop_idx ][ ue_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;

          Block_SS_3[ drop_idx ][ ue_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;

          Block_SS_4[ drop_idx ][ ue_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;

          Block_SS_5[ drop_idx ][ ue_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;

          Block_SS_6[ drop_idx ][ ue_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;

          Block_SS_7[ drop_idx ][ ue_idx ][ path_idx ][ u ] = new double [ num_transmit_antenna ] ;

        }

      }

    }

  }

}








main_channel.cpp

#include <iostream>

#include <fstream>



using namespace std;



#include <cstring>

#include <cstdlib>

#include "const.h"

#include "common.h"





void SimulationConfiguration(int argc,char *argv[]);

void InitializeSystem( void ) ;

void ChannelSampleGeneration( int, int, int, int ) ;

void InitializeADrop( void );

void Size_Channel_Parameters( void ) ;

void Size_Logging_point_Parameters( void ) ;

void loading ();

void Logging_Point( void ) ;





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

FUNCTION: main()



AUTHOR: Kim, Kyung-Won (Kyung-Won@korea.ac.kr)



DESCRIPTION: ITU Channel Model Simulator



NOTES: ...

   

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

int main( int argc,char *argv[] )

{

  SimulationConfiguration( argc, argv );

  InitializeSystem();

  Size_Channel_Parameters();

  Size_Logging_point_Parameters() ;

  

  for(drop_idx = 0; drop_idx < num_drops; drop_idx ++) 

  {

    InitializeADrop();

    for(t = 0; t < run_times; t ++)

    {

      for(int ue_idx = 0; ue_idx < num_ues; ue_idx ++)

      {

        for(int adj_sec_idx = 0; adj_sec_idx < num_compute_coef; adj_sec_idx++)

        {

          for(int u = 0; u < num_received_antenna; u++)

          {

            for(int s = 0; s < num_transmit_antenna; s++)

            {

              ChannelSampleGeneration( ue_idx, u, s, adj_sec_idx ) ;

            }

          }

        }

      }



      // Simulator Here



      Logging_Point() ;

      loading () ;

    }

  }

}












makefile

CC		=  g++

OPT		= -O3

DEBUG		= -g

OTHER		= -Wall

CFLAGS		= $(OPT) $(OTHER)

# CFLAGS	= $(DEBUG) $(OTHER)

TARGET		= run

SRCS		= channel.cpp initialization.cpp ue.cpp main_channel.cpp logging_point.cpp

OBJS		= $(SRCS:.cpp=.o)



$(TARGET): $(OBJS)

	$(CC) -o $@ $(OBJS)



dep :

	gccmakedep $(SRCS)



clean::

	rm -f $(OBJS) *~ $(EXE) core
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Abstract


The C-based source code implements the channel model with the network deployment environment according to the ITU-R report M.2135 [1] – the IMT-Advanced Channel Model. The program can be compiled and executed for any platform that supports ANSI C/C++ compilation. It has been tested on the MS Visual C++ environment as well. The program includes some random number generators from [2], but as it consistently operates according to the input seed, the results are the same regardless of the platforms or the time of execution. The codes are verified against an independent M.2135 implementation [3] in a bit-exact fashion for the deterministic functions. These source codes can be used for the system-level simulation of IMT-Advanced system.
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1. Introduction





[image: C:\Documents and Settings\MyHome\바탕 화면\bw.bmp]  The Channel model package takes the user-defined simulation environment defined in the configuration file. It is implemented with default values of M.2135. The channel model has five scenarios. Indoor hotspot scenario consists of 16 rooms and long corridor. In this scenario, there are two base stations (only two sectors). The other scenarios have 19 cells with wraparound. One cell consists of three sectors with antenna sectoring.
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Figure 1. Layout of indoor hotspot


         Figure 2. Layout of outdoor scenarios





2. cpp files


 The ITU-R Channel simulator Package includes the following source files.


			main_channel.cpp


			Main function of Channel simulator.





			initialization.cpp


			Set up the initial state. Load the configure file and drop UEs.





			channel.cpp


			Generate UE distribution. Generate static gain and channel coefficients.





			ue.cpp


			Determine the sectors to be computed channel coefficients





			logging_point.cpp


			Print the simulation results.











 Source files refer to public headers and each private header file. Public header files are <const.h> and <common.h>. <const.h> includes constant numbers and <common.h> includes public variables.









3. Simulation Environment


① Scenario


There are five Scenarios in M.2135. The channel model generates outputs in the scenarios and use default values in M.2135.


			Scenarios


			Indoor Hotspot


			Urban Macro


			Urban


Micro


(O-to-I)


			Rural


Macro


			Sub-urban


Macro





			site-to-site


distance


[m]


			60


			500


			200


			1731


			1299





			speed of UE


[km/h]


			3


			30


			3


			120


			90





			Carrier freq


[㎓]


			3.4


			2.0


			2.5


			0.8


			2.0





			Number of sectors


			2


			57














② Antenna pattern


The channel model implements antenna pattern of down link. The channel model uses reasonable antenna distances. We assume that receiver antenna is omni-antenna and transmit antenna is separated antenna.


			Link Types


			Value





			d_rx


			0.5ㆍλ





			d_tx


			10ㆍλ





			F_rx


			1





			F_tx


			120 sectoring (except Indoor Hotspot)


1 (only case by Indoor Hotspot)








(d_rx and d_tx are antenna distance terms. F_rx and F_tx are antenna gains.)






4. Input Parameters


Input parameters are given by the configure file. It can setup parameters as below.





1   Simulation setting parameters


			Parameter name


			Definition


			Default value





			_seed


			Random seed


			100000





			run_times


			Number of time samples. one time sample is 1㎳.


			100





			scenario


			Select simulation environment.


# Scenario types are INDOOR_HOTSPOT, URBAN_MACRO, URBAN_MICRO, RURAL_MACRO, SUBURBAN_MACRO.


			URBAN_MACRO





			los_type


			Select LOS type.


# LOS types are


LOS or NLOS or RANDOM.


			RANDOM





			num_drops


			Number of drops


			2





			num_user_cell


			Number of users per one cell


			10





			num_received_antenna


			Number of received antennas


			1





			num_transmit_antenna


			Number of transmit antennas


			1





			num_compute_coef


			Number of computing channel coefficients.


(per 1UE.)


(= number of adj_sector. It is explained in 4-①)


			1






































② Logging point parameters


Logging point parameters are intended to print simulation results with data files. It is used to verify the channel model. You can see results at ‘../Output/FILENAME.dat'.





			Parameter name


			Definition


			Default value





			ue_distribution


			Output is distribution of UEs.


Output data is '../Output/UE_location.dat'.


			0(off)





			PathLoss


			Output is path loss of UEs.


Path loss is in ㏈


Output data is '../Output/PathLoss.dat'.


			0(off)





			ChannelCoef


			Outputs are channel coefficients.


Output data of channel coefficients is '../Output/Channel_Coef.dat'.


			0(off)





			DelaySpread


			Output is delay spread of sample UE.


Delay time is in s and cluster power is in ㏈


Output data is '../Output/DelaySpread.dat'.


			0(off)





			AngleSpread


			Output is angle spread of sample UE.


Angle is in degree and cluster power is in ㏈


Output data is '../Output/AoASpread.dat' and ‘../Output/AoDSpread.dat’.


			0(off)





			PDF


			Output is probability density function of random variables.


Random variables are defined in [2].


			0(off)





			sample_ue


			Sample UE of channel coefficients and delay spread


			0(off)





























③ Examples of configure file


			# simulation environment setting


_seed


run_times


scenario


los_type


num_drops


num_user_cell


num_received_antenna


num_transmit_antenna


num_compute_coef





# logging point


ue_distribution


PathLoss


ChannelCoef


DelaySpread


AngleSpread


PDF





sample_ue


			


 456235234


100


URBAN_MICRO       


RANDOM


2


10


2


2


5








1     # 1(on) or 0 (off)  


1     # 1(on) or 0 (off)  


1     # 1(on) or 0 (off)  need sample_ue


1     # 1(on) or 0 (off)


1     # 1(on) or 0 (off)


 1     # 1(on) or 0 (off)





1     # UE index









































5. Output Parameters


You can use output parameters in the main function without output data files. See below that outputs and main function.





1   Output parameters


			Parameter name


			Definition





			ue[k].static_gain[ sector ]


			Sum of path loss, shadowing between UEs and sectors.


Static gain is in dB





			ue[k].sector_in_control


			Sector number which has the largest static gain of each UEs.





			ue[k].adj_sector[i]


			Sector numbers when static gains are listed in descending order. Small scale parameters are generated between UEs and adj_sector.


(ue[k].adj_sector[0] = ue[k].sector_in_control)





			Channel_coef [k][i][n][u][s]


			Channel coefficients between UEs.


Channel coefficients are in linear scale.





			num_path [k][i]


			Number of clusters.





			delay [k][i][n][u][s]


			Delay time is in sec.





			cluster_power[k][i][n][u][s]


			Cluster powers.








( k, i, n, u, s and sector are indices of UEs, sectors, clusters, receiver antennas and transmit antennas)





② Output files


 In output folder, there are output files printed by logging point parameters.














③ Main Function


			int main( int argc,char *argv[] )


{


  SimulationConfiguration( argc, argv );


  InitializeSystem();


  Size_Channel_Parameters();


  Size_Logging_point_Parameters() ;


  


  for(drop_idx = 0; drop_idx < num_drops; drop_idx ++) 


  {


    InitializeADrop();


    for(t = 0; t < run_times; t ++)


    {


      for(int ue_idx = 0; ue_idx < num_ues; ue_idx ++)


      {


        for(int adj_sec_idx = 0; adj_sec_idx < num_compute_coef; adj_sec_idx++)


        {


          for(int u = 0; u < num_received_antenna; u++)


          {


            for(int s = 0; s < num_transmit_antenna; s++)


            {


              ChannelSampleGeneration( ue_idx, u, s, adj_sec_idx ) ;


            }


          }


        }


      }





      // Simulator Here





      Logging_Point() ;


      loading () ;


    }


  }


}
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rv_generate.h

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



This random number generator is from



William H. Press, Saul A. Teukolsky, William T. Vetterling and Brian P. Flannery, 

Numerical recipes: the art of scientific computing, Third Edition, 

Cambridge University Press, 2007.



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



#include <cmath>

#include <complex>



struct Rand 

{

    unsigned long long int p,q,r;

    Rand(unsigned long long int seed) : q(4101842887655102017LL), r(1) 

    {

      p = seed ^ q; int64();

      q = p; int64();

      r = q; int64();

    }

    

    inline unsigned long long int int64() 

    {

      p = p * 2862933555777941757LL + 7046029254386353087LL;

      q ^= q >> 17; q ^= q << 31; q ^= q >> 8;

      r = 4294957665U*(r & 0xffffffff) + (r >> 32);

      unsigned long long int x = p ^ (p << 21); x ^= x >> 35; x ^= x << 4;

      return (x + q) ^ r;

    }

  

    inline double u() { return 5.42101086242752217E-20 * int64(); }

    inline unsigned int i() { return (unsigned int) int64(); }

    inline double n() 

    {

      double nu,nv,nx,ny,nz;

      do

      {

        nu = u();

        nv = 1.7156*(u()-0.5);

        nx = nu - 0.449871;

        ny = fabs(nv) + 0.386595;

        nz = nx*nx + ny*(0.19600*ny-0.25472*nx);

      }

      while (nz > 0.27597 && (nz > 0.27846 || nv*nv > -4.*log(nu)*nu*nu));

      return nv/nu;

    }

};










ue.cpp

#include "common.h"
#include "const.h"


#include <iostream>
#include <fstream>

using namespace std;

#include <cstring>
#include <cstdlib>
/*===================================================================
FUNCTION: UE::UE()

AUTHOR: Seong-Jun Oh

DESCRIPTION: UE Object Constructor

NOTES: Currently, nothing is done when a UE is instantiated  
   
===================================================================*/
UE::UE()
{
}

/*===================================================================
FUNCTION: UE::~UE()

AUTHOR: Seong-Jun Oh

DESCRIPTION: UE Object Destructor

NOTES: Currently, nothing is done  
   
===================================================================*/
UE::~UE()
{
}


/*===================================================================
FUNCTION: UE::Configure( int self_idx )

AUTHOR: Seong-Jun Oh, Kyung-Won Kim

DESCRIPTION: UE object gets to know the index of itself

NOTES: 
   
===================================================================*/
void UE::Configure( int self_idx )
{
  void StaticGainGeneration( int , double * , LOCATION * );
  void FadingChannelGeneration( int, int, int, int ) ;

  _self_idx = self_idx ;
  
  if ( drop_idx == 0 )
  {
    static_gain = new double[ NUM_SECTORS ] ;
    LS_gain = new double[ NUM_SECTORS ] ;
    PathLoss = new double[ NUM_SECTORS ] ;
    Distance = new double[ NUM_SECTORS ] ;
    adj_sector = new int[num_compute_coef] ;
  }

  StaticGainGeneration( self_idx , static_gain , &coordinate );

  for(int sec_idx = 0; sec_idx < NUM_SECTORS; sec_idx++)
  {
    PathLoss[ sec_idx ] = path_loss[ sec_idx ] ;
    Distance[ sec_idx ] = ue2sector_distance[self_idx][ sec_idx ] ;
    LS_gain[ sec_idx ] = static_gain[ sec_idx ] + antenna[ sec_idx ] ;
  }

  for(int i = 1; i < NUM_SECTORS; i++)
  {
    double temp;
    int j ;

    temp = LS_gain[i];
    for(j = i; j > 0; j--)
    {
      if( LS_gain[j-1] < temp )
        LS_gain[j] = LS_gain[j-1];
      else break;
    }
    LS_gain[j] = temp;
  }

  for(int sec_idx = 0; sec_idx < NUM_SECTORS; sec_idx++)
  {
    for(int idx = 0; idx < num_compute_coef; idx++)
    {
      if( (int)(1000000*LS_gain[ idx ]) == (int)(1000000*(static_gain[ sec_idx ] + antenna[ sec_idx ])) )
      {
        adj_sector[idx] = sec_idx ;
      }
    }
  }
  sector_in_control = adj_sector[0] ;

  for(int adj_sec_idx = 0; adj_sec_idx < num_compute_coef; adj_sec_idx++)
  {
    for(int u = 0; u < num_received_antenna; u++)
    {
      for(int s = 0; s < num_transmit_antenna; s++)
      {
        FadingChannelGeneration( self_idx, u, s, adj_sec_idx ) ;
      }
    }
  }
}








ue.h

#include "const.h"
#include <complex>
#include <vector>
#include <iostream>
#include <fstream>

using namespace std;

class UE
{
  public:
  UE();
  ~UE();

  void    Configure( int );

  int     sector_in_control ;
  int     * adj_sector ;
  LOCATION coordinate;

  vector  <double> _multi_path_fading_mag ;

  double  *  static_gain ;
  double  *  LS_gain ;
  double  *  PathLoss ;
  double  *  Distance ;
  

private:
  
  int     _self_idx ;
};








configure/test.cfg

# simulation environment setting

_seed                   456235234

run_times               100

scenario                URBAN_MICRO       # Scenario types are INDOOR_HOTSPOT,  URBAN_MACRO,  URBAN_MICRO,  RURAL_MACRO,  SUBURBAN_MACRO,  OUTDOOR_2_INDOOR

los_type                RANDOM               # LOS types are LOS, NLOS, RANDOM

num_drops               2

num_user_cell           10

num_received_antenna    2

num_transmit_antenna    2

num_compute_coef        5





# logging point

ue_distribution         1     # 1(on) or 0 (off)  

PathLoss                1     # 1(on) or 0 (off)  

ChannelCoef             1     # 1(on) or 0 (off)  need sample_ue

DelaySpread             1     # 1(on) or 0 (off)

AngleSpread             1     # 1(on) or 0 (off)

PDF                     1     # 1(on) or 0 (off)



sample_ue               1     # UE index







