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Abstract: 

This course project aims at providing a simple study of the UMTS network capacity. The work has been divided in two main sections, the system study and the case simulation. The first part of the report explains the UMTS system including the network architecture down to the frame structure. The second part discusses the simulation study attempted to evaluate the UMTS data capacity. 

Universal Mobile Telecommunication System- motivation:

The UMTS system could be thought of as the evolution of the GSM 2G to 3G. UMTS is partly based on the Global System for Mobile Communications (GSM) standards [3]. The best-known new feature of UMTS is higher user bit rates: on circuit-switched connections 384 kbps, and on packet-switched connections up to 2 Mbps, can be reached [8]. The UMTS was one of several offered proposals by the International Mobile Telecommunications 2000 (IMT-2000) which was accepted by the International Telecommunications Union (ITU). The regional Standard Developing Organizations (SDO) developed these proposals. The UMTS has been proposed as a successor of the Global System for Mobile communications (GSM). The UMTS is being developed by the Third-Generation Partnership Project (3GPP). It has been introduced in phases to gain global acceptance. The most recent releases are release 99 and release 2000, Rel-99 & Rel-00. Basically, they differ in the IP support, Rel-00 is fully IP supported. Nevertheless Rel-99 was a significant step in moving from 2G to 3G. The most significant change was the new UMTS Terrestrial Radio Access (UTRA). This is a Wideband-Code Division Multiple Access (W-CDMA) radio interface used for land-based communications. Indeed most of the developments in going from 2G to 3G were in the radio interface, which utilizes CDMA technology and in the transmission technology replacing the circuit switch to packet switched environment. UTRA supports two multiple access techniques TDD and FDD. TDD is utilized in public micro and Pico cells and unlicensed cordless applications. FDD is implemented at wide area coverage applications

Services offered by the UMTS network:

The UMTS system has been designed with information services in mind. Thus the bearer characteristics are most appropriate for carrying information. The bearer properties could be changed during a session this could be negotiated either by the application or the network. The bearer class, bearer parameters and parameter values are directly related to an application as well as to the networks that lie between the sender and the receiver [8]. The next figure shows the layered architecture of the UMTS bearer services.
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Figure 1, Architecture of a UMTS bearer service [8].

The services offered by the UMTS system could be classified into four major classes depending on the traffic delay sensitivity. These classes are:

· Conversational

· Streaming

· Interactive

· Background classes

Conversational:

This is the most delay sensitive class serving voice calls, i.e. voice over IP. The quality of this service is measured by the maximum allowable delay offered. The kind of application served is judged by the human perception, which does not allow more than 400ms end-to-end delay to have an acceptable service. The traffic is symmetric or almost symmetric. Two examples of this class are the AMR speech rate and video telephony services.

AMR speech service:

Speech coding and decoding (codec) service in the UMTS implements the Adaptive Multi-Rate Technique. The multi-rate speech coder is a single integrated speech codec with eight source rates: 12.2 (GSM-EFR), 10.2, 7.95, 7.40 (IS-641), 6.70 (PDC-EFR), 5.90, 5.15 and 4.75 kbps [8]. Clearly the various rates allow different sub-classes of service, which could adapt with the nature of the air channel conditions. The rate control is done via the Radio Access Network (RAN) that is a part of the UTRAN. This control of the bit rate can be used to accommodate more subscriber calls in a busy period when the load on the cell is increasing. The size of the cell can be tuned via controlling the bit rate as well. To expand the cell size the AMR bit rate can be lowered. The AMR speech codec can tolerate about a 1% frame error rate (FER) of class A bits without any deterioration of speech quality. For class B and C bits a higher FER is allowed [8]. Indeed this service is explained in more details, refer to [8] for more details.

Video Telephony services:

Delay constraints with the video telephony are shared with those of the speech services. However the BER constraints of the video telephony are rather rugged as compared to the speech service. This is due to the nature of the video compression. 

Streaming:

This class is designed to serve multimedia applications. In this mode of operation the data can be transferred and then processed as if it is a steady stream of data. In such a case multimedia files could be displayed before having the full file down loaded. The traffic type is asymmetric thus delay is tolerable and more jitter in the transmission can be accommodated. However the jitter can be smoothed out via buffering. 

Interactive:

Interactive traffic is the other classical data communication scheme that is broadly characterized by the request response pattern of the end-user [8]. In this mode of operation the end user could either be a human or a machine. The application depends directly on the end-user response to the applications. Examples of human end user are the web browsing or server access. A machine end-user application could be automatic database enquiry. However the round trip delay of the application can drive it towards the conversational type if it is restricted or it could be maintained at this level.

Background classes:

When the destination is not expecting the data within a certain window of time the data is said to be of the background application type. Yet the data has to be received error free. E-mail delivery SMS database downloading are typical applications of this type.

Terminal Classes:

Unlike the GSM terminals, UNTS terminals have to inform the network about their radio access capabilities upon connection. Thus the network is aware about the radio access capabilities of the specific terminal so that to properly choose modes of operations. Reference terminal radio access capability combinations have been specified in 3GPP standardization [8]. Shown below are the reference combinations have been defined for Rel-99:

· 32 kbps class: This is intended to provide basic speech service, including AMR speech as well as some limited data rate capabilities up to 32 kbps

· 64 kbps class: This is intended to provide speech and data service, with also simultaneous data and AMR speech capability

· 128 kbps class: This class has the air interface capability to provide for example video telephony or then various other data services

· 384 kbps class is being further enhanced from 128 kbps and has for example multi-code capability which points toward support of advanced packet data methods provided in WCDMA

· 768 kbps class has been defined as an intermediate step between 384 kbps and 2 Mbps class

· 2 Mbps class: This is the state of the art class and has been defined for downlink direction only

The class specifications were designed in such a manner that the higher class provides all the services of the lower class.

Network Architecture:

The UMTS network could be divided into three major domains. The User Equipment domain, UE, the UMTS Terrestrial Radio Access Network, UTRAN, and the Core Network domain, CN, these domains make up the end-to-end UMTS network. It has to be noticed that the protocols used for communications across these domains are ATM based, i.e. packet switched rather than circuit switched. Most of the significant modifications on the 2G networks to upgrade it to 3G networks took place in the air interface domain, i.e. the UTRAN. The network elements are briefly described below.
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Figure 2, UMTS domains

User Equipment:

The same principle applied in the GSM system in separating the Mobile Equipment and the subscriber identity module is followed in the UMTS. The new terminology is UMTS subscriber Identity Module USIM and Mobile Equipment ME.

UMTS Terrestrial Radio Access Network:

The UTRAN represents the Radio Access Unit of the UMTS. It interfaces the user equipment with the core network. It has several functionalities such as admission control, congestion control, system information broadcasting, radio channel encryption, handover, data transmission over the radio interface and many other functions. The interfaces between the UTRAN and the CN are ATM based.

Node B:

The Base Node, Node B is the Physical unit for radio transmission/reception with cells. Depending on sectoring (omni/sector cells), one ore more cells may be served by a Node B. A single Node B can support both FDD and TDD modes. The main task of this node is to convert Uu radio interface [2]. It could be thought of as the BST in the GSM system. It lies between the UE and the Radio Network Center.

Radio Network Center:

The RNC matches the BSC in the GSM system. It lies between Node B and the Core Network. In-fact, the RNC and Node B form the UTRAN network. The functions of the RNC include the radio resource management. Protocol conversion is handled at this node as well.

Core Network:

The core network elements are essentially the same as the GSM and GPRS networks. 
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Figure 3, UMTS NETWORK

Frequency bands and Frame structures:

The UMTS network implements Frequency Division Duplexing (FDD) and Time Division Duplexing (TDD). FDD is implemented at wide area coverage applications. TDD is utilized in public micro and Pico cells and unlicensed cordless applications. The radio resource management is one of the UTRAN functionalities. The over all Band Width allocated for the UMTS system spans from 1900 MHz to 1975 MHz plus 2020 MHz to 2025 MHz and 2110 to 2165 MHz. The UTRA-FDD Uplink occupies the 1920-1975 MHz band. The Downlink occupies the 2110-2170 MHz band. The duplex spacing is set at 190 MHz. 12 channels are offered each is 5 MHz wide. The UTRA-TDD occupies the 1900-1920 MHz and 2020-2025 MHz bands, with a total of 5 channels each 5 MHz.
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Figure 3, UMTS frequency bands.

UMTS system implements Direct Sequence Spread Spectrum technique. Code Division Multiple Access is used to achieve higher spectral efficiency. The band per carrier is 5 MHz wide. Thus, the UMTS is short named W-CDMA. The chipping rate implemented by W-CDMA is 3.84 Mchips/s [12]. This is a constant chipping rate. Different user data rates are achieved via different spreading factors. Thus higher data rates lead to fewer chips per bit and vise versa. The frame structure of the dedicated physical channel is shown in the next figure.
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Figure 4, UMTS frame structure

FBI: Feedback Information

TPC: Transmit Power Control

TFCI: Transport Format Combination Indicator

DPCCH: Dedicated Physical Control Channel

DPDCH: Dedicated Physical Data Channel

DPCH: Dedicated Physical Channel 

Channel Structure:

The Physical channel structure of the UMTS system as being a W-CDMA is classified in terms of five factors: the specific carrier frequency, the scrambling code, the channelization code, the time start/stop and on the uplink, the relative phase [12]. These are the main boundaries upon which channels are defined. Totally thirteen channels are defined in the UMTS system. One channel works as an uplink/downlink channel, eleven downlink channels and one common uplink channel. These channels are briefly listed below.

DPCH (Dedicated Physical Channel)

This channel could operate on the downlink or uplink band. It is used to carry user information or control information to the UE. It could be used over the entire cell or part of the cell.

PRACH (Physical Random Access Channel)

This is a downlink channel used to carry control information to the UE or short user packets, i.e. like SMS in GSM.

PCPCH (Physical Common Packet Channel)

This is an uplink channel, which is used commonly by all the users in the cell. The access technique used is Digital Sense Multiple Access with Collision Resolution Method, DSMA-CR [9]. It is to be described shortly after. Basically it carries short and medium size user packets. As being a common channel for all users, a power control mechanism is to be enforced. Thus, it is always associated with a common downlink power control channel, which is set dedicated during the uplink transmission of the MS. Thus the Dedicated Power Control Channel DPCCH assures the security of the uplink transmission.

CPICH (Common Pilot Channel):

This is a downlink channel that carries a predefined bit/symbol sequence. This is a fixed rate channel.

P-CCPCH (Primary Common Control Physical Channel):

This is a common downlink channel used to broadcast the system and cell specific information. It operates o90% duty cycle, as it is not transmitted during the first 256 chips of each slot.

S-CCPCH (Secondary Common Control Physical Channel)

This is a downlink physical channel used to carry the Forward Access Channel, FACH and PCH transport channel.

SCH (Synchronization Channel)

This is a downlink signal used for cell search. It consists of two sub-channels Primary and secondary. They are transmitted during the P-CCPCH idle period.

PDSCH (Physical Downlink Shared Channel)

This is a downlink channel used to carry the DSCH transport channel.

AICH (Acquisition Indicator Channel)

This channel plays a major role in granting the random access channels a transmission allowance. It is a fixed rate downlink channel.

AP-AICH (Access preamble acquisition Indicator Channel)

This is a fixed rate downlink channel used to carry the access preamble acquisition indicators of the CPCH.

PICH (Paging Indicator Channel):

This is a downlink channel used to carry the paging indicators to indicate the presence of a page message on the PCH. It is of fixed rate.

CSICH (CPCH Status Indicator Channel)

This is a fixed rate downlink channel used to carry the CPCH status information. This channel is always associated with the physical channel used to transmit the CPCH AP-AICH using the same channelization and scrambling codes.

CD/CA-ICH (Collision-Detection/Channel Assignment Indicator Ch.)

This is a fixed rate common downlink physical channel used to carry the CD indicator only if the CA is not active, or it carries the CD//CA indicator if the CA is active.

PCPCH (Physical Common Packet Channel) 

The common packet channel is designed for the transfer of packet data in two types of services, non-real time services and real time services. Applications of the first service include the E-mail (SMTP), web browsing (HTTP) and file transfer (FTP). Applications of the other service type include the video and the voice over IP (H323). These are futuristic applications. The channel operates at variable rate that could reach up to 960 ksps [9]. This is provided that the 5Mhz BW is allocated to this service. In-fact with multi-code transmission even higher data rates could be supported, i.e. up to 4.8 Msps [9]. The CPCH operates easily in circuit switched mode over the 5MHZ channel. The maximum possible packet length over the CPCH channel is 64 frames (640 ms).

UL-CPCH elements:

The uplink burst of the CPCH consists of four elements: the Access Preamble Element (APE), the Collision Resolution Element (CRE), the Power Control Preamble Element (PCPE) and the Message Element (ME). The APE is used to request for a CPCH from the UMTS network, actually the allocation is done via the Radio Network Controller, which is a part of the UTRAN. Once an uplink is acknowledged, the CRE is used to resolve any collision. The PCPE carries the power control from the UE side then the message is uploaded in the ME. The UL-CPCH access and collision resolution portion of the overall burst could be described as Digital Sense Multiple Access with Collision Resolution DSMA/CR. The access procedure of the CPCH is described shortly.

CPCH Access Procedures:

The access procedures of the CPCH channel could be divided into four phases, the Access Phase (AP), the Collision Resolution Phase (CRP), the Pre-Data Power Control Phase (PDPCP) and the Message Transmission Phase (MTP). The UMTS system offers 16 CPCH channels operating at different data rates summing up to eight different data rates. Each CPCH channel has one Access Preamble (AP) signature associated with one data rate. Thus it could be deduced that each data rate is available in two CPCH channels thus to subscribers can use the same data rate at once as a maximum limit. Further more, the UE selects the desired data rate based on the Transport Block length given by the MAC. This is true if the UE can select its data rate that is “UE channel selection” mode another mode is the “UTRAN channel selection” this is linked with the Channel Assignment (CA) message imposed in the 2nd access phase.

Access Phase (AP):

The aim of this phase is to gain access to one free CPCH channels to transmit a message. The UE randomly picks up a signature associated with a free CPCH. The information about the CPCH channels is broadcasted to the UE over the Broadcast Channel in the DL-CPCH. The later utilizes the Forward Access channel. Thus, the UE periodically monitors the Status Broadcast Channel to receive the status of each CPCH channel if it operates in the “UE channel selection”. Once the UE determines the CPCH channel and knows its condition it picks up randomly a signature associated with a free CPCH at the targeted data rate. This leads to signature ramp up process. At this process simply the UE increases its preamble access power till its acknowledged by the network. This works as follows. There are 15 equally spaced access slots in 20 broadcast channels. Each access slot is 1.33 ms long. The signature is 1 ms long. The UE transmits a signature in the appropriate access slot and waits for the response I the next 3-to-4 access slots. If no response was received from the network, the UE transmits another preamble at a higher power, hence the name ramp up. It keeps doing so until it receives a positive acquisition indication response from the base station, i.e. Radio Node in UMTS terminology. The AP-AICH carries the response to the UE; this is a DL channel.
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Collision Resolution Phase (CRP):

The second phase of the CPCH access procedures aims at securing one CPCH to one UE at a given time, i.e. collision resolution. The randomness in selecting the CPCH signature means that more than one UE could pick up the same signature for the same CPCH at the same time. Thus the collision has to be resolved first before granting access to any UE to use a given CPCH. During this phase the UE picks up one of available N collision Detection signatures (NCD). NCD normally equals 16. One UE randomly picks up 1 of the NCD signatures. The Base Node, Node B is the Physical unit for radio transmission/reception with cells. Depending on sectoring (omni/sector cells), one ore more cells may be served by a Node B. A single Node B can support both FDD and TDD modes [2]. This node mirrors one of the CD signatures by transmitting the selected signature over the CD/CA indication channel (CD/CA-ICH). Still the probability that two UE’s pick up the same NCD is 1/16. Thus CRP phase minimizes the collision probability but does not bring it zero! There is a MAC-based Back-Off mechanism, which occurs under various conditions such as collision [9].
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Pre-Data Power Control Phase (PDPCP):

This phase aims at set the appropriate power levels to start transmission. It could be 0 or 5 ms. Basically it helps the inner loop power control to converge and correct any error in the open loop power control estimation.

Message Transmission Phase (MTP):

This is the last phase in the access procedure. During this phase the downlink control channel associated with the uplink Common Packet Channel (DPCHC). This is a dedicated channel that is used to provide power control, and pilot information. This dedication provides security against any “false UE”, which would pose a threat to the cell. If the UE detects loss of DL-DPCCH during transmission of the power control preamble or the packet data, the UE first halts UL-CPCH transmission, and then it aborts the access attempt and sends a failure message to the MAC layer [9]. 
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Case Simulation:

The simulation case has been sourced out from the first reference. It aims at achieving the following targets:

· Determining SIR behavior under increasing number of Mobile Stations (MS)

· Tracking the adaptive modulation behavior of the UMTS network

· Determining the system throughput by tracking the Modulation rate selection for each MS

The following general assumptions were considered for this study case. The power assumptions of the system were sourced out from [13].

General Assumptions:

Cluster of 19 cells 
Sectorized cell, 6 sectors per cell => 1 interfering BS

95% successful coverage fringe is targeted

Cell radius = 2 Km

Max Power TX by BS = 20 W => 10*log10 (20000) = 43.01 dBm ~ 43 dBm

Pilot Power TX by BS 1 = W  => 10*log10 (1000)  = 30 dBm

Power transmitted by Active Set MS = 2 mW => 10*log10 (2) = 3dBm

Power transmitted by Down Loading MS = 125 mW => 10*log10 (125) = 21dBm


Cluster size of 19 is used, N = 19.

Simulation setup and terminology:

Each run of the simulation is called a Pass. The Pass aims at investigating the SIR behavior of all the MS in the specified coverage are. For the same PASS the number of MS is fixed and assumed stationary or slowly moving. At the beginning of the simulation all MS are at Active Set Mode. This is the mode were the MS is receiving from the BS the control signals, i.e. it is registered with the network. Thus its transmitted power is kept at 2 mW. Initial System SIR is calculated, Background noise SYS-SIR. Thus, the initial SIR takes account of the main BS, the interfering BS and all the active MS. This maps the SIR of each MS at its location. One MS at time switches to Down Loading Mode, thus increasing its output power to 125 mW. Thus the SYS_SIR is recalculated every time a MS switches between modes. For simplicity all MS’s are assumed switch in one direction i.e. from active set to downloading set. Before approving the new SYS_SIR a condition has to be tested. This may be testing the minimum SIR of the system or the average system SIR. If it is below a threshold then the Base Station Power is ramped up. A Global SIR matrix is formed after each accepted run. This G_SIR monitors the SIR behavior of the system each time a MS switches between modes. After running the Pass the modulation technique could be tracked as well as the system throughput via mapping the SIR to the specified modulation technique. Another pass is tried with a different number of MS.

Running the Simulation
The simulation functioned as expected for the first three steps. However the fourth step did not output the expected figures. The SIR was not decreasing while calculating the effect of increased MS power. By altering several variables it was noticed that the path loss model used for the inter MS interference was reducing the interference share of the MS. This needs further investigation. The code is provided in the Appendix.

· Random MS location assignment 
· Background SYS_SIR

· MS switching from ASMS to DLMS

[image: image2.png]



SYS_SIR recalculation

· Reason why?

· By altering Path Loss Model for MS to MS interference the SYS_SIR changes significantly…

· Power assignments of system

· Path Loss Model 

· ? 

Conclusions:

The project aimed at simulating the UMTS data capacity and providing a literature survey covering general aspects of the UMTS system. Unfortunately the simulation results didn’t match the expected results thus the focus was shifted to elaborate more in the literature survey part. The simulation study was divided into several steps. The first few steps worked as expected however when updating the SIR values of the system, the impact on increasing number of MS was not apparent. Reasons for this could strongly be the path loss model used to evaluate the MS to MS interference or even the system power assignment. This case needs further investigation.

Appendix:

MATLAB cod for the simulation.

Call “pass1” to run the program

Pass1

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% KFUPM

% COE 543 Mobile and Wireless networks

% Course Project

% Capacity Evaluation of UMTS Integrated-Services Network-

% design and simulation

% By Raed Mesmar G220138

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% pass1

% this is the user interface program which accepts the network

% parameters from the user and feeds them to the other programs;

% once the parameters are entered they are kept as the defults

% til the end of the session.

%

% Main Functions

% _ takes the network parameters from the user

% _ assagnes the parameters as the program defults

% _ feede the network parameters into the other subprogramms

%

%

clear all

clc

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% defining the system parameters :

K = 19; % frequency reuse factor = 19 as defined by the paper!

sigma = 5.6 ; % standard deveation 

Pcov = 0.05 ; % successfull covarage = .95 => Pcov = 1 - 0.95 = .05

FadeMargin = (erfinv(1-2*Pcov))*(sqrt(2))*(10^(sigma/10)); % Fade Margin

R = 20000;  % cell radius = 2 Km [?]

D = sqrt(3*19)*R;

Pmxbs = 20000 ; % Max Power TX by BS   20 W => 10*log10(20000) = 43.01 dBm ~ 43 dBm

Pplbs = 1000    ; % Pilot Power TX by BS 1 W  => 10*log10(1000)  = 30 dBm

Pasms = 2     ; % power transmitted by  Active Set     MS = 2 mW   =>  10*log10(2) = 3dBm

Pdlms = 125   ; % power transmitted by  Down   Loading MS = 125 mW =>  10*log10(125) = 21dBm

ramp = 1; % ramp the power of BS if SIR drops 

PWR = [Pmxbs, Pplbs, Pasms, Pdlms];

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% 

% input function

N = input(' what is the number of subscribers served by the cell ? ' );

% 

' assigning random locations to the Mobile Stations within the given covareg area ___________1'

rndxy = rand([N,2]);

for i = 1:N;

    MSxy(i,1) = rndxy(i,1)*R* cos(rndxy(i,2)*(pi/6));

    MSxy(i,2) = rndxy(i,1)*R* sin(rndxy(i,2)*(pi/6));

    i;

end

' calculating the Mutual Distance between all the BS ________________________________________2'

[MD] = MutualDistanc (MSxy,N);

% done

for i = 1:N;

    PMS(i) = Pasms; % assingment of the Mobile Station Power vector

end

%

MSxy;

%figure;

%plot(MSxy(:,1),MSxy(:,2),'.');

%AXIS([0 R 0 R*tan(pi/6)]);

%grid;

%xlabel(' X coordinates ');

%ylabel(' Y coordinates ');

%title(' Mobile Station Distribution in the Covareg Area ');

% end of block 1

%

MS = [MSxy];        % updating the Mobile Stations Matrix

%

%

% block 2 start

% SIR calculations at the MS

' SIR = desired Power / interfering Power => SIR = dP / (iP + other MS power)_______________3'

[MS_SIR] = SYS_SIR (MSxy,MD,N,PWR,PMS,FadeMargin,D,ramp);

% end of block 2

%

MS = [MS ,MS_SIR'];    % updating the Mobile Stations Matrix

% plot the SIR of all the Mobile stations considering the only 

% two interferers!

%figure;

%bar (MS_SIR');

%AXIS([0 1.1*N 0 1.1*max(MS_SIR')]);

%grid;

%xlabel(' Mobile Stations ');

%ylabel(' Signal to Interference Ratio ');

%title(' Mobile Station with Corresponding SIR ');

MS;

'this block updates the SIR when a MS starts transmitting!_________________________________4'

G_SIR = MS_SIR';

for i = 1:N;

    PMS(i) = Pdlms;

    [MS_SIR] = SYS_SIR (MSxy,MD,N,PWR,PMS,FadeMargin,D,ramp);

    o = round(MS_SIR)

    if min(MS_SIR) <= 10

        ramp = ramp + 1

        MS_SIR

    end

    G_SIR = [G_SIR , MS_SIR'];

end

G_SIR

round(G_SIR)

SYS_SIR

%               System SIR function

% program by RAED MESMAR 220138 COE 543

% this funciton calculates the SIR for each MS given

% the location of each MS; MSxy

% the relative location of MS's to each other MD

% number of MS; N

% system Power readings; PWR PMS

% the FadeMargin

% and D

%

function [MS_SIR] = SYS_SIR (MSxy,MD,N,PWR,PMS,FadeMargin,D,ramp);

% SIR = BS power / [ other BS power + SUM MS power ]

% SIR = Pbs / [ Pibs + Pims ]

for i = 1:N

    for j = 1:N

        if i == j

            ms_sir(j) = 0;

        else

            ms_sir(j) = 10*log10(PMS(j)) - 8.76*log10(MD(i,j));%  <== I think that the problem is in

        end                                                    % the path loss model of MS to MS interference!

        ms_sir,'ms sir'

    end

    r = sqrt( MSxy(i,1)^2 + MSxy(i,2)^2 );

    Pbs  = 10*log10(.2*ramp*PWR(2)) - 37.6*log10(r) + FadeMargin;

    Pibs = 10*log10(PWR(2)) - 37.6*log10(D-r);                

    Pims = sum(ms_sir)

    MS_SIR(i) = 10*log10((10^(Pbs/10))/((10^(Pibs/10))+ 10^(Pims/10))) ,' look at me look at me inner ',PMS

    %BaseStationPower = 10^(Pbs/10);

    %BaseStationInterference = 10^(Pibs/10);

    %MobileStationInterference = 10^(Pims/10);

    %ms_sir = [0];

end

%' look at me look at me outer ';

%MS_SIR;

%PMS;

%BaseStationPower = 10^(Pbs/10);

%BaseStationInterference = 10^(Pibs/10);

%MobileStationInterference = 10^(Pims/10);

%ms_sir = [0];

MD

%

%               Mutual Distance function

%         program by RAED MESMAR 220138 COE 543

% this funciton calculats the distance between all the MS

%

function [MD] = MutualDistanc (MSxy,N);

x = MSxy(:,1);

y = MSxy(:,2);

for i = 1:N;

    for j = 1:N;

        MD(i,j) = sqrt((x(i)-x(j))^2+(y(i)-y(j))^2);

    end

end
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