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Change Request #1

Section 5.3.6.4 - 802.11b 5.5 Mbit/s BER calculation

Replace the following paragraph

As each symbols encodes 4 bits, the effective BER is
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in which the value has been limited to 0.5.

with

As each symbols encodes 4 bits, the average BER is
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Change Request #2

Section 5.3.6.5 - 802.11b 11 Mbit/s BER calculation
Replace the following paragraph

As each symbols encodes 8 bits, the effective BER is
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with

As each symbols encodes 8 bits, the average BER is
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Change Request #3

Section 5.3.6.8 - BER versus SINR results
Replace Figure 5
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Change Request # 4

Change two lines in Annex A as follows:

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

 * Title:    Analytical Physical-Layer Model for 802.15.2 BER Calculations

 * Authors:  Ron Nevo, Josie Ammer, Adrian Stephens

 *           Mobilian Corporation 2001

 *

 * This module contains the analytical PHY-layer model used to calculate

 * BER values for 802.11b and 802.15.1 transmissions in the presence of 

 * mutual interference.

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

/*-- Standard Includes ------------------------------------------------------*/

#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <limits.h>

/*-- Type Definitions -------------------------------------------------------*/

typedef enum 

{

WPAN, WLAN11, WLAN55, WLAN1, WLAN2

// WPAN is non-FEC WPAN transmissions

// WLAN11 is 11Mb/s 802.11

// WLAN55 is 5.5Mb/s 802.11

// WLAN1 is 1Mb/s 802.11

// WLAN2 is 2Mb/s 802.11

} ModulationType;

struct Node

{

    double x,y;  // x and y positions in meters

};

typedef Node *aNodePtr;

struct Transmission

{

    aNodePtr src, dst;

    ModulationType type;

    float txpower;  // power in mW

    int frequency;

    // freq for WPAN is a number 1-79, is the center frequency

    // freq for WLAN is number 1-79, is the center frequency 

    double BER;     // the resulting BER

};

typedef Transmission *aTransmissionPtr;

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

 * Function: CalculateAnalyticalBER

 *

 * Description:

 *              This function takes a list of transmissions and calculates

 *              the BER at each receiver using the analytical model.

 *

 * Parameters:  n       - the number of transmissions in the list

 *              tlist   - an array of Transmissions each corresponding to

 *                        an active transmission

 *

 * Returns: in every tlist element a calculated BER value

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

extern void CalculateAnalyticalBER(int n, Transmission tlist[]);

/*-- MACRO Definitions ------------------------------------------------------*/

#define WLAN_BANDWIDTH 22

#define HALF_WLAN_BANDWIDTH 11

#define PI acos(-1.0)

// assume the power of WPAN reception at the same station is unit power

#define Tc 1    

#define WPAN_Tx_1 inverse_db(-20.0)     

// -20dB spurious emmision per MHz from WPAN Tx when freq dif is 1MHz

#define WPAN_Tx_2 inverse_db(-40.0)     

// -40dB spurious emmision per MHz from WPAN Tx when freq dif is 2MHz

#define WPAN_Tx_3 inverse_db(-60.0)     

// -60dB spurious emmision per MHz from WPAN Tx when freq dif is 3MHz

#define WPAN_Tx_other 0                 

// no spurious emmision from WPAN Tx when freq dif > 3MHz

#define WPAN_Rx_1 inverse_db(-11.0)     

// -11dB adjacent channel interference from WPAN Rx when freq dif is 1MHz

#define WPAN_Rx_2 inverse_db(-41.0)     

// -41dB adjacent channel interference from WPAN Rx when freq dif is 2MHz

#define WPAN_Rx_other inverse_db(-51.0) 

// -51dB adjacent channel interference from WPAN Rx when freq dif >= 3MHz

#define WLAN_Tx_next inverse_db(-30)    

// -30dB spurious emmision from WLAN Tx when freq dif <= half bandwidth

#define WLAN_Tx_other inverse_db(-50.0) 

// -50dB spurious emmision from WLAN Tx when freq dif > half bandwidth

#define WLAN_Rx_next inverse_db(-12.0)  

// -12dB adjacent channel interference from WLAN Rx, 12 MHz 

#define WLAN_Rx_middle inverse_db(-36.0)

// -60dB adjacent channel interference from WLAN Rx, between 13MHz-36MHz 

#define WLAN_Rx_other inverse_db(-56.0) 

// -60dB adjacent channel interference from WLAN Rx, >= 37MHz 

#define CCK_factor inverse_db(-8.0)     

// 8dB gain for CCK coding

#define WLAN_EbNo_perfect 10.0   // if EbNo > 10dB, perfect reception

#define WLAN_EbNo_impossible 0.5 // if EbNo < -3dB, impossible to receiver

#define WPAN_EbNo_perfect 20.0   // if EbNo > 13dB, perfect reception

#define WPAN_EbNo_impossible 1.0 // if EbNo < 0dB, impossible to receive

#define MIN_DISTANCE 0.1  

// two nodes in the same spot act as if they are 0.1 apart

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

#define abs(a) ((a)>0 ? (a) : -(a))

#define sqr(x) ((x)*(x))

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

/*-- Forward References -----------------------------------------------------*/

extern int isModulationTypeWPAN(ModulationType foo);

// returns 1 if the type is WPAN

// returns 0 otherwise

extern int isModulationTypeWLAN(ModulationType foo); 

// returns 1 if the type is one of the WLANs

// returns 0 otherwise

extern double SER11(double);

extern double SER55(double);

extern double WLAN_BER_11(double);

extern double WLAN_BER_55(double);

extern double WLAN_BER_1(double);

extern double WLAN_BER_2(double);

extern double WPAN_BER(double);

extern double SpectrumFactor(Transmission &Src, Transmission &Dest);

extern double Distance(Transmission &Src, Transmission &Dest);

extern double PowerDistance(Transmission &Src, Transmission &Dest);

extern double inverse_db(double);

extern double db(double);

/*-- Local Functions --------------------------------------------------------*/

int isModulationTypeWPAN(ModulationType foo)

{

    switch (foo){

    case WPAN: return 1;

    default: return 0;

    }

}

int isModulationTypeWLAN(ModulationType foo)

{

    switch (foo){

    case WLAN11: return 1;

    case WLAN55: return 1;

    case WLAN1: return 1;

    case WLAN2: return 1;

    default: return 0;

    }

}

// compute db from real

double db(double x)

{

    return(10 * log10(x));

}

// compute real from db

double inverse_db(double x)

{

    return(pow(10.0, x /10));

}

// compute the Q function using approximation Q_5

double Q_5(double x)

{

    double x2,x3,x4,x5,x6;

    x2 = x*x;

    x3 = x2*x;

    x4 = x3*x;

    x5 = x4*x;

    x6 = x5*x;

    return(exp(-x2/2) * (x4+9*x2+8) /(x5+10*x3+15*x) / sqrt(2*PI));

}

// compute the codeword error probability of 802.11b 11Mbps

double SER11(double Eb_No)

{

    double res;

    res = 24*Q_5(sqrt(4*Eb_No)) + 

        16*Q_5(sqrt(6*Eb_No)) +

        174*Q_5(sqrt(8*Eb_No)) + 

        16*Q_5(sqrt(10*Eb_No)) + 

        24*Q_5(sqrt(12*Eb_No)) +

        Q_5(sqrt(16*Eb_No));

    return(min(res,0.99999));

}

// compute bit error rate from Eb/No for 802.11b 11Mbps

double WLAN_BER_11(double Eb_No)

{

    if(Eb_No > WLAN_EbNo_perfect)

        return 0;

    // if Eb/No more than some threshold, perfect reception

    else if(Eb_No < WLAN_EbNo_impossible)

        return 0.5;

    // if Eb/No less than some threshold, impossible to receive

    else


        return (128.0/255.0) * SER11(SNIR);
}

// compute the codeword error probability of 802.11b 5.5Mbps

double SER55(double Eb_No)

{

    double res;

    res = 14*Q_5(sqrt(8*Eb_No)) + 

        Q_5(sqrt(16*Eb_No));

    return(min(res,0.99999));

}

// compute bit error rate from Eb/No for 802.11b 11Mbps

double WLAN_BER_55(double Eb_No)

{

    if(Eb_No > WLAN_EbNo_perfect)

        return 0;

    // if Eb/No more than some threshold, perfect reception

    else if(Eb_No < WLAN_EbNo_impossible)

        return 0.5;

    // if Eb/No less than some threshold, impossible to receive

    else


        return (4.0/7.0) * SER55(SNIR);

}

// compute the function number of choice of k elements from n

int choose(int k,int n)

{

    int i;

    int res = 1;

    for(i=n;i>n-k;i--)

        res *= i;

    for(i=1;i<=k;i++)

        res /= i;

    return(i);

}

// compute the BER for WLAN 1Mbps, the BER is Q(sqrt(11*2*Eb_No/2))

double WLAN_BER_1(double Eb_No)

{

    if(Eb_No > WLAN_EbNo_perfect)

        return 0;

    // if Eb/No more than some threshold, perfect reception

    else if(Eb_No < WLAN_EbNo_impossible)

        return 0.5;

    // if Eb/No less than some threshold, impossible to receive

    else

        return(min(Q_5(sqrt(11*2*Eb_No/2)),0.5));

}

// compute the BER for WLAN 2Mbps, the BER is Q(sqrt(5.5*2*Eb_No/2))

double WLAN_BER_2(double Eb_No)

{

    if(Eb_No > WLAN_EbNo_perfect)

        return 0;

    // if Eb/No more than some threshold, perfect reception

    else if(Eb_No < WLAN_EbNo_impossible)

        return 0.5;

    // if Eb/No less than some threshold, impossible to receive

    else

        return(min(Q_5(sqrt(5.5*2*Eb_No/2)),0.5));

}

// compute the BER for WPAN

double WPAN_BER(double Eb_No)

{

    if(Eb_No > 20)

        return 0;

    // if Eb/No more than 13dB, perfect reception

    else if(Eb_No < 1)

        return 0.5;

    // if Eb/No less than 0dB, impossible to receive

    else

        return(min(exp(-Eb_No/2),0.5));

}

double Distance(Transmission &Src, Transmission &Dest)

{

    return(sqrt(sqr(Src.src->x-Dest.dst->x) + sqr(Src.src->y-Dest.dst->y)));

}

// power as function of distance

double PowerDistance(Transmission &Src, Transmission &Dest)

{

    double power_d0,dist;

    dist=Distance(Src,Dest); // calc distance function

    if (dist < MIN_DISTANCE)

        dist = MIN_DISTANCE;

    if(isModulationTypeWPAN(Src.type)) {    // transmitter is WPAN, 

        power_d0 = Src.txpower;

    } 

    else // transmitter is WLAN

        if(isModulationTypeWPAN(Dest.type)) // receiver is WPAN, 

            power_d0 = Src.txpower/WLAN_BANDWIDTH;

        else 

            power_d0 = Src.txpower; // receiver is WLAN

    if(dist < 8)  // use 40.2+20log d for <8M power loss    

        return(power_d0/(pow(dist,2.0) * pow(10.0, 4.02)));

    else         // use 58.5 + 33log(d/8) for >8M power loss

        return(power_d0/(pow(dist/8.0,3.3) * pow(10.0, 5.85)));

}

double SpectrumFactor(Transmission &Src, Transmission &Dest)

// (int src0, int src,int dest)

// dest is listenin to src0

// dest gets interference from src

{

    int freq_dif;

    if(isModulationTypeWPAN(Dest.type)) 

        if(isModulationTypeWPAN(Src.type)) 

        {

            // both src and dest WPAN

            freq_dif = abs(Src.frequency - Dest.frequency);

            switch(freq_dif) {

            case 0:

                // frequency collide

                return(1.0);

            case 1:

                return(WPAN_Tx_1+WPAN_Rx_1);

            case 2:

                return(WPAN_Tx_2+WPAN_Rx_2);

            case 3:

                return(WPAN_Tx_3+WPAN_Rx_other);

            default:

                return(WPAN_Tx_other+WPAN_Rx_other);

            }

        }

        else 

        {

            // src WLAN and dest WPAN

            if(Dest.frequency >= Src.frequency + HALF_WLAN_BANDWIDTH)

                freq_dif = Dest.frequency - (Src.frequency + HALF_WLAN_BANDWIDTH) + 1;

            else if(Dest.frequency <= Src.frequency - HALF_WLAN_BANDWIDTH)

                freq_dif = (Src.frequency - HALF_WLAN_BANDWIDTH) - Dest.frequency + 1;

            else

                freq_dif = 0;

            switch(freq_dif) {

            case 0:

                // frequency collide

                return(1.0);

            case 1:

                return(WLAN_Tx_next+WPAN_Rx_1);

            case 2:

                return(WLAN_Tx_next+WPAN_Rx_2);

            default:

                if(freq_dif<=HALF_WLAN_BANDWIDTH)

                    return(WLAN_Tx_next+WPAN_Rx_other);

                else

                    return(WLAN_Tx_other+WPAN_Rx_other);

            }

        }

    else // dest WLAN

    {

        if(isModulationTypeWPAN(Src.type)) {

            // src WPAN, dest WLAN

            double sf;

            if(Src.frequency >= Dest.frequency + HALF_WLAN_BANDWIDTH)

                freq_dif = Src.frequency - (Dest.frequency + HALF_WLAN_BANDWIDTH) + 1;

            else if(Src.frequency <= Dest.frequency - HALF_WLAN_BANDWIDTH)

                freq_dif = (Dest.frequency - HALF_WLAN_BANDWIDTH) - Src.frequency + 1;

            else

                freq_dif = 0;

            switch(freq_dif) {

            case 0:

                // frequency collide

                sf = 1.0;

                break;

            case 1:

                sf = WPAN_Tx_1+WPAN_Tx_2+WPAN_Tx_3+WPAN_Tx_other*(WLAN_BANDWIDTH-3)+WLAN_Rx_next;

                break;

            case 2:

                sf = WPAN_Tx_2+WPAN_Tx_3+WPAN_Tx_other*(WLAN_BANDWIDTH-2)+WLAN_Rx_middle;

                break;

            case 3:

                sf = WPAN_Tx_3+WPAN_Tx_other*(WLAN_BANDWIDTH-1)+WLAN_Rx_middle;

                break;

            default:

                if(freq_dif<HALF_WLAN_BANDWIDTH){

                    sf = WPAN_Tx_other*WLAN_BANDWIDTH+WLAN_Rx_middle;

                    break;

                }

                else{

                    sf = WPAN_Tx_other*WLAN_BANDWIDTH+WLAN_Rx_other;

                    break;

                }

            }

            if (Dest.type == WLAN11 || Dest.type == WLAN55)

                sf *=CCK_factor;

            return(sf);

        }

        else { //both src and dest WLAN

            switch(abs(Src.frequency-Dest.frequency)) {

            case 0:

                return(1.0);

            case 11:

                return(0.5);

            case 22:

                return(WLAN_Rx_next/11+WLAN_Tx_next);

            default:

                return(WLAN_Rx_other+WLAN_Tx_other);

            }

        }

    }

}

/*-- Global Function --------------------------------------------------------*/

void CalculateAnalyticalBER(int n, Transmission tlist[])

{// n should be the length of tlist

    double EbNo;

    for (int dst= 0; dst < n ; dst++) { //for each dest

        double Eb, No;

        No=0;

        for (int src = 0; src < n; src++) { //calculate the power from each source

            double pd,sf,pwr;

            sf=SpectrumFactor(tlist[src],tlist[dst]);

            pd=PowerDistance(tlist[src],tlist[dst]);

            pwr=sf*pd;

            #if defined(_DEBUG_)

            printf("rcpt power from %d to %d = %1.5g * %1.5g = %1.5g\n", src, dst, sf, pd, pwr);

            #endif

            if (src==dst)

                // if src and dest are from the same transmission pair,

                // pwr is signal power

                Eb=pwr*Tc;

            else

                // if not from the same transmission pair, 

                // pwr is interference power

                No+=pwr;

        }

        EbNo=Eb/No; // calculate the EbNo for each dest

        //need to calc BER from SNR

        double ber0;

        switch (tlist[dst].type) {

            case WPAN:

                ber0 = WPAN_BER(EbNo);

                break;

            case WLAN11:

                ber0 = WLAN_BER_11(EbNo);

                break;

            case WLAN55:

                ber0 = WLAN_BER_55(EbNo);

                break;

            case WLAN1:

                ber0 = WLAN_BER_1(EbNo);

                break;

            case WLAN2:

                ber0 = WLAN_BER_2(EbNo);

                break;

            default:

                printf("Unknown ModulationType");

        }

        #if defined(_DEBUG_)

        printf("EbNo for Transmission %d = %1.5g\n", dst, EbNo);

        printf("BER for Transmission %d = %1.5g\n", dst, ber0);

        #endif

        tlist[dst].BER = ber0;

    }

}
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Values

		BER(SNIR) figures for analytical model.  Modified to support correction of Chindapol (Jan 24, 2002) by Adrian Stephens, Mobilian.  Date: 24 Jan 2002

		SNIR		BER

				1 Mbps		2 Mbps		5.5 Mbps		11 Mbps

		-15		1.54E-01		2.60E-01		5.71E-01		5.02E-01

		-14		1.54E-01		2.60E-01		5.71E-01		5.02E-01

		-13		1.54E-01		2.60E-01		5.71E-01		5.02E-01

		-12		1.54E-01		2.60E-01		5.71E-01		5.02E-01

		-11		1.54E-01		2.60E-01		5.71E-01		5.02E-01

		-10		1.54E-01		2.60E-01		5.71E-01		5.02E-01

		-9		1.23E-01		2.23E-01		5.71E-01		5.02E-01

		-8		9.52E-02		1.87E-01		5.71E-01		5.02E-01

		-7		7.01E-02		1.54E-01		5.71E-01		5.02E-01

		-6		4.86E-02		1.24E-01		5.71E-01		5.02E-01

		-5		3.12E-02		9.55E-02		4.58E-01		5.02E-01

		-4		1.82E-02		7.03E-02		3.02E-01		5.02E-01

		-3		9.45E-03		4.88E-02		1.83E-01		5.02E-01

		-2		4.22E-03		3.14E-02		9.92E-02		5.02E-01

		-1		1.56E-03		1.83E-02		4.70E-02		5.02E-01

		0		4.56E-04		9.52E-03		1.87E-02		5.02E-01

		1		9.91E-05		4.25E-03		6.03E-03		2.42E-01

		2		1.49E-05		1.58E-03		1.48E-03		9.59E-02

		3		1.40E-06		4.62E-04		2.59E-04		3.35E-02

		4		7.34E-08		1.01E-04		2.95E-05		9.93E-03

		5		1.84E-09		1.52E-05		1.96E-06		2.34E-03

		6		1.83E-11		1.44E-06		6.67E-08		4.02E-04

		7		5.64E-14		7.59E-08		9.68E-10		4.57E-05

		8		4.01E-17		1.92E-09		4.82E-12		3.06E-06

		9		4.49E-21		1.93E-11		6.27E-15		1.04E-07

		10		4.90E-26		6.03E-14		1.50E-18		1.53E-09

		11		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		12		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		13		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		14		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		15		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		16		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		17		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		18		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		19		0.00E+00		0.00E+00		0.00E+00		0.00E+00
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