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Abstract

 This report is based on analysis on the performance of a soft handoff algorithm of the type that has been proposed in the IS-95 CDMA standard. It involved a brief study of the various parameters affecting the handoff procedure. It also includes a Matlab implementation of the received power(with Gaussian noise) versus the distance in the soft handoff case for a mobile moving between two base stations separated by distance d, along a straight line with fixed velocity. In addition to this a theoretical study is done which provides quantification for the tradeoff between diversity advantage and resource utilization. The results can be used to gain insight and help select the appropriate handoff thresholds. This algorithm may be extended to accommodate more stations and interference factor could also be considered.

LIST OF FIGURES

	S.N.
	Name of figures
	Page No.

	1
	Fig 5.2.1 free space path loss
	09

	2
	Fig 5.2.2 Path loss without noise
	09

	3
	Fig 5.2.3 Path loss with noise
	10

	4
	Fig 5.2.4 Strength Difference
	10

	5
	Fig: 5.3.1 Assignment probability
	13

	6
	Fig: 5.3.2 Outage probability
	13

	7
	Fig: 5.3.3Tradeoff curve
	14


Table of Contents

      Titles                                                                     Page no.

Acknowledgement






 I
Abstract







II
List of figures







III

1. Introduction







 1 
1.1 CDMA Technology




 1

1.2 Project Introduction




 3

2. Objectives







 3
2.1 The main objectives of this project 


 3
3. Statement of the Problem 





4

4. Literature Review                                                                  6

 5. Design and Implementation                                                  6
5.1 Algorithm Development                                           6

5.2. Implementation                                                       7 

5.3. Assignment Probabilities                                         11                                                              

6. Result and conclusion                                                           15

7. Future Works                                                                        15

Bibliography                                                                            16

APPENDIX  






             17                                                  

1. Introduction

1.1 CDMA Technology
The code division multiple access (CDMA) scheme has been considered as one of the possible choice of future standards in cellular networks because of its various advantages. In CDMA systems, the narrowband message signal is multiplied by a very large bandwidth signal called the spreading signal (a pseudo noise code sequence that has a chip rate in order of magnitude greater than the data rate of message signal). The process of transferring a mobile station from one channel or base station to another is called a ‘handoff ’, which is an essential element of cellular communication. Since CDMA uses only one frequency, it uses a special handoff scheme with diversity, so called soft handoff. Soft handoff is a process in which a mobile unit can commence communication with a target station without interrupting the communication with the current serving base station (make before break). The traditional handoff scheme which requires the mobile to break communication with the current base station before establishing a new communication with other base station is called hard handoff (break before make).
Efficient handoff algorithm can enhance system capacity and service quality cost

efficiently. Soft handoff is a very intriguing technology and has some well established benefits over conventional handoff schemes, such as fade margin improvement, higher uplink capacity, reduction/elimination of ping-pong effect margin and imposing fewer time constraints on the network. It also has certain disadvantages such as increase in downlink interference, requirement of additional network resources and its complex implementation. In power controlled CDMA systems soft handoff is preferred over hard handoff strategies. This is more pronounced when the IS-95 standard is considered wherein the transmitter [the base station] power is adjusted dynamically during the operation. Here the power control and soft handoff are used as means of interference-reduction, which is the primary concern of such an advanced communication system. The previous and the new wideband channels occupy the same frequency band in order to make an efficient use of bandwidth, which makes the use of soft handoff very important. The primary aim is to maintain a continuous link with the strongest signal base station otherwise a positive power control feedback would result in system problems. Soft handoff ensures a continuous link to the base station from which the strongest signal is issued.
The act of transferring support of a mobile from one base station to another is termed handoff. Handoff occurs when a call has to be handed off from one cell to another as the user moves between cells. In a traditional "hard" handoff, the connection to the current cell is broken, and then the connection to the new cell is made. This is known as a "break-before-make" handoff. Since all cells in CDMA use the same frequency, it is possible to make the connection to the new cell before leaving the current cell. This is known as a "make-before-break" or "soft" handoff. Soft handoff requires less power, which reduces interference and increases capacity. The implementation of handoff is different between the narrow band and the CDMA standards. This is an effort to analyze a soft handoff strategy, taking into consideration the trade-offs between selecting system parameters and the performance benefits. 
I consider a scenario involving two base stations and a single mobile, where the changes in the pilot signal strength are tracked and a conditional decision is made allowing communication with only one base station. This results as an outcome of simple measurements, which determine the strongest signal and results in handover to the corresponding base station. In a CDMA system the same frequency band is shared between all the cells. Thus there is well-defined efficient bandwidth utilization. Though there is frequency reuse the orthogonal nature of the waveforms serves to distinguish between the signals that occupy the same frequency band.  A typical handoff scenario is taken into account wherein the need for a mobile to alter its frequency or rather to switch its carrier frequency is negated. The main idea of a soft handoff scheme is to ensure that the reconnectivity with the old base station while the new base station has been assigned to take control over the communication link. This way at a given instant of time we have the mobile maintaining a constant communication link with at least one base station simultaneously ensuring a non disrupted call activity. The algorithm may be designed in such a way as to ensure that as soon as the mobile is within the range of the new cell, the old base station releases the connection of the call.  We have analyzed the performance of an existing soft handoff algorithm with the help of an analytical model. The outcome of such an experiment utilized certain parameters such as the number of Active Setup dates, the assignment probabilities and the outage probabilities and the number of base stations with respect to a single mobile. The algorithm and the results obtained from the simulation are discussed in the next few sections
1.2 Project Introduction 

The analysis is done for a model with two base stations separated by a distance d and a mobile moving from one base station to another along a straight line. The analysis and implementation is based upon various factors affecting the handoff procedure. The decision to initiate a handoff can be made by measuring several quantities such as received signal level from the communicating and neighboring base stations, received signal strength to interference ratio, and the bit error rate.

 
The simplest and the most commonly used method is based on received signal strength.

The received signal strength in land mobile communication has three kinds of variations i.e. path loss. Here we are considering the effects of the received signal strength due to path loss only.

For path loss in a macrocell environment, we have used the Hata-Okumura model (which considers the propagation loss between isotropic antennas, quasi smooth terrain and using the (standard ) empirical formula for urban area propagation loss) due to simplicity of the formula in relating the distance with path loss. This model is however applicable only for a flat urban environment and to make the model applicable to suburban and rural area a ground cover factor has to be introduced. A limitation of this model is that it does not consider the structure of buildings and roads. The second part of my project is all about to develop an algorithm to
Distribute network resources among mobile subscribers evenly, It does not allow one user to have a very good RSS while other users are facing new call clocking or forced handoff termination. It will be shown by theoretical analysis and graphs that the algorithm increase carried traffic and trucking resource efficiency.

2. Objectives
2.1 The main objectives of this project 

1. To Study the Initiation and Performance Analysis of Handoff in CDMA Cellular Systems

2. To analysis for various frequencies and also varying antenna heights
3. To make detailed study in CDMA handoff i.e. soft handoff for showing the decrease in the      number of unnecessary handoffs on incorporation of an optimum hysteresis margin and also gives an insight of the tradeoffs involved in introducing an optimum hysteresis margin and the associated initiation delays.
4. To provide a good quantification for the trade off between resource utilization and diversity.
5. To introduce some of the parameters which affect the performance of soft handoff, and then discuss how these might relate to some performance indicators.
3. Statement of the Problem

The Study of a propagation loss using Okumura-Hata Model , and comparing it with Free space model For making analysis for various frequencies and also varying antenna heights A program is to be developed which calculates the path loss and received power for the uplink , downlink and urban environment frequencies    The standard formula for Hata-Okumura path loss model is given by, 

L (urban) (dB) = 69.55 + 26.16logfc - 13.82 log hte - a (hre) + (44.9 - 6.55log hte) log (d).
Where,
Fc =the frequency in MHz from 150MHz to 1500MHz, 
hte =the effective transmitter antenna height (meters) ranging from 30m to 200m, 
hre =the effective receiver antenna height (meters) ranging from 1m to 10, 
d  = the T-R separation distance (km) and 
a (hre) = the correction factor for effective mobile antenna height which is a function of the size of the coverage area. For a small or medium sized city the correction factor is given by

a (hre) = [(1.1log fc – 0.7) hre – (1.56log fc-0.8)] dB
We also compared the Free Space path loss model with the Hata-Okumura model

(Figure 1).

The Free Space Path loss equation is given by

L (free) = 32.4 + 20logfc + 20log (d)

The average received power at the mobile station is calculated as

Pr (d) = EIRP (dBm) - L (urban)(dB) + Gr(dB)

Where, EIRP is the Effective Isotropic Radiated Power (1 kw) and Gr is the gain of the receiving antenna. 
 
The main function of the soft handoff algorithm is to maintain an Active Set based on the measured pilot strength. We have the forward traffic channel and the reverse traffic channel. A reference signal is considered as the pilot signal referring to the forward CDMA traffic channel. There are several such pilot signals in the channel. The main function of the mobile station is to measure and report the pilot signal strengths to the base station. This is a repetitive process. As soon as the measured signal crosses a certain predefined threshold value it becomes a member of the Active Set. The main problem lies in identifying this threshold level. A reference pilot is picked from the Active Set and then a handoff decision is made after comparing the received pilot strength with that of the reference. Originally the Active Set consists of a single base station but after repeated experiments and measurements other base stations are added when the signal strength between them and the user exceeds the predefined add threshold. There are three parameters that are considered in the analysis - Tadd or the Add Threshold, Tdrop or the Drop Threshold and the drop timer. Both Tadd and Tdrop are negative values. If any non-member pilot signal strength exceeds the Tadd then the pilot is added to the set or is made a member of the set. The pilot is still continuously measured and at any instant if it drops below the drop threshold, Tdrop, the mobile starts a drop timer. This timer is designed such that it is reset and disabled as soon as the pilot strength goes above Tdrop before the drop timer expires. Upon expiry of the timer the pilot also is removed from the Active Set. The experiment was conducted for several values and it was found that high thresholds and long drop timer settings tend to maintain more stations in the Active Set. Similarly low thresholds and short drop timer settings increased the rate of Active Set updates. Here the base station utilization factor and the number of Active Set updates serve as a good yardstick to measure the system performance as is evident from the results obtained.
4. Literature Review

       Handoff is an essential component of mobile cellular communication systems. Mobility causes dynamic variations in link quality and interference levels in cellular systems, sometimes requiring that a particular user change its serving base station. This change is known as a handoff. In first-generation cellular systems like the Advanced Mobile Phone System (AMPS) handoffs were relatively simple. Second-generation cellular systems like the Global System for Mobile Communications (GSM) and the Personal Access Communication System (PACS) are superior to first-generation ones in many ways, including the handoff algorithms used. More sophisticated signal processing and handoff decision procedures have been incorporated in these systems. The control/decision structures have been improved so that in progressing from network-controlled toward mobile assisted handoffs (MAHO) or mobile-controlled handoffs (MCHO), the handoff decision delay has been substantially reduced. Another idea that has been proposed for improving the handoff process is soft handoff, the subject of this article. Our purpose is to provide an overview of soft handoff, from the point of view of the performance benefits available and the trade-offs involved in selecting system parameters. Recent research on various aspects of soft handoff are reviewed and discussed. It is not the objective of this article to provide comprehensive coverage of every paper referenced, and the interested reader is encouraged to refer to the tables themselves for details. We do present a broad survey of the technical issues involved, with some details of the highlighted issues to assist the reader in developing a good understanding of those issues, and understanding the place of soft handoff in modern cellular systems.

5. Design and Implementation:
5.1 Algorithm Development
 For the first part of my project, I have plotted the graphs on received signal strength vs distance with and without noise. This is done on the basis of following algorithm

· Setting the values to the parameters like hte, hre, Sda, Sdb, fc etc.
· Path loss calculation between the mobile station and each base station

· Path loss calculation for free space model.
· Received power at each station without noise.
· Received power at each station with Gaussian noise.
· Plotting of each graph as stated above.
 
For the second part of my project, I developed an algorithm to implement the objective written. This algorithm can be pointed as follows,
· At first the active set consists of a single base station.
· The mobile station repeatedly measures and experiments other base stations.

· If any non member pilot signal strength exceeds the add threshold (Tadd) then the pilot is added to the set or is made a member of the set.
· The pilot is still continuously measured and at any instant if it drops below the drop threshold (Tdrop) the mobile starts the drop timer.

· Drop timer is designed such that it is reset and disabled as soon as the pilot strength goes above Tdrop before the drop timer expires. If the timer expires the pilot is also removed from the active set.

· Same experiments are repeated several values of timer, thresholds to see their effect in base station utilization factor and the number of active set updates.

5.2. Implementation 
The standard formula for Hata-Okumura path loss model is given by,
L (urban) (dB) = 69.55 + 26.16logfc - 13.82 log hte - a (hre) + (44.9 - 6.55log hte) log (d)

Where,
Fc is the frequency in MHz from 150MHz to 1500MHz,
hte is the effective transmitter antenna height (meters) ranging from 30m to 200m,

hre is the effective receiver antenna height (meters) ranging from 1m to 10, 
d is the T-R separation distance (km) and 
a (hre) is the correction factor for effective mobile antenna height which is a function of the size of the coverage area. For a small or medium sized city the correction factor is given by

a (hre) = [(1.1log fc – 0.7) hre – (1.56log fc-0.8)] dB

We also compared the Free Space path loss model with the Hata-Okumura model

(Figure: 5.2.1).

The Free Space Path loss equation is given by

L (free) = 32.4 + 20logfc + 20log (d)

The average received power at the mobile station is calculated as

Pr (d) = EIRP (dBm) - L (urban) (dB) + Gr (dB)

Where EIRP is the Effective Isotropic Radiated Power (1 kW) and Gr is the gain of the

Receiving  antenna.  Figure: 5.2.2 shows variation of received signal strength of the mobile from both bases Stations when no noise was present in the system. To analyze a slightly more realistic cellular environment two Gaussian noise sequences were introduced. By introducing a hysteresis margin, it is clearly seen that number of handoffs decrease (Figure 3a has a hysteresis margin of 10 dB, we see that instead of handoffs taking place at A, B, C & D we see handoffs taking place only at X&Y).However an excess hysteresis margin will cause an initiation delay. If the delay persists. For longer intervals of time the call will be dropped due to deteriorating signal conditions. Clearly, there exists a tradeoff between hysteresis and initiation delay. Figure: 5.2.1, Figures: 5.2.2 &5.2.3.   Figures: 5.2.4 shows difference of received signal strength of the mobile station from both bases stations when noise was present in the system.
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Fig 5.2.1 free space path loss
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Fig 5.2.2 Path loss without noise
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Fig 5.2.3 Path loss with noise
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Fig 5.2.4 Strength Difference

 
The second part of my project starts from here. From here I have to plot the different probabilities like assignment probability, outage probability etc. The difference between these two processes is defined as

X (n) =PrA (d)-PrB (d),

The analysis of the handoff algorithm can be solved using recursion. First, compute the probabilities that a base station is added or dropped from the active set at the end of the ds interval assuming the mobile moving at a constant speed v. Let us define 
PA!AB(n),PB!AB(n), PAB!A(n), and PAB!B(n) as the probabilities that base station B is added, A is added, B is dropped, and A is dropped. These probabilities can be computed using the following:

PA-AB (n) = Pr {-x (n) > Tadd|; -x (n - 1) < Tadd}
~ Pr {-x (n) > Tadd|-x (n-1) < Tadd}

PB-AB (n)
~Pr{x (n) > Tadd|x (n - 1) < Tadd}
PAB-A (n)

~ Pr {-x (n -M) < Tdrop| -x (n-M -1) > Tdrop}
    n

  ∏   Pr {-x (k) < Tdrop|-x (k-1) < Tdrop} 
k=n-M+1

PAB-B (n)

~ Pr{x (n -M) < Tdrop|x (n -M - 1) > Tdrop}
    n

  ∏       Pr{x (k) < Tdrop|x (k - 1) < Tdrop} 
k=n-M+1

5.3. Assignment Probabilities.

Where M = (vt/ds) and t is the drop timer expiration setting. In the above, certain conditioning events, considered subsidiary, are dropped. Once these transition probabilities are found, the assignment probabilities can be calculate by

PA (n) = PAB (n - 1) PAB_A (n) + PA (n-1) [1 – PA-AB (n)]

PB (n) = PAB (n - 1) PAB-B (n) + PB (n-1) [1 – PB-AB (n)]

PAB(n)= PA(n -1)PA-AB(n) + PB(n-1)PB-AB(n)+ PAB(n -1)[1 – PAB-A(n) –PAB-B(n)] 

Where PA (n), PB (n), and PAB (n) are the probabilities that the active set contains A only, B only, or both A and B. The initial condition is
PA (n) = 1; PB (0) = 0; PAB (0) = 0

Given the condition that the mobile starts moving from A toward B. Now it is possible for us to evaluate the soft-handoff performance. The following parameters will be used as the performance indicators. NOBS is defined as the expected number of base stations in the active set along the entire path, namely, starting with A and ending at B. NOupdate is defined as the expected number of active set updates for this path. Poutage (n) is the outage probability that the received signal strength at the mobile is below the minimum quality threshold Tq. There was a transparent two-dimensional (2-D) tradeoff between the number of handoffs and handoff delay (or probability of outage). Here, there are three performance measures, and an optimization must be based on the costs associated with all three. This paper can provide input to such study.

Numerical results obtained from analysis are shown in the graph in which we can see that the two set of data match very well with each other. We have run the simulation for 10 000 times in order to have the smooth curve. In Fig. 1, the add threshold is -1 dB, the drop threshold is -2 dB, and the timer we used is five. Fig. 2 shows the outage probabilities of both simulation and

Analysis with the two sets of data, which, again, match quite well in magnitude and shape, except that the data from analysis is shifted a little bit (further modeling might improve this). The total probabilities of outage, however, differ by only about 5%. The signal strength threshold in computing outage probabilities is chosen as -91 dB, under which the signal is assumed as unacceptable. Fig. 3 illustrates the effect of the timer. The different timer values are 5, 8, 10, 12, 15, and 20. As we can see from the graph, when the expiration time is increased from 5 to 20, the decrease in the number of active set updates is roughly from 7.5 to 4.2 almost half of the original value. The timer does a good job in reducing the system overhead by making the number of updates less without deteriorating the communication quality because there is no extra delay in adding a base station to the set. On the other hand, as we expected before, the average number of the base stations in the active set does go up, but the rate of the increase is small only from 1.08 to 1.11, a 3% increase.

[image: image5.emf]           
                                     Fig: 5.3.1 Assignment probability
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Fig: 5.3.2 Outage probability
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                                                        Fig: 5.3.3Tradeoff curve
6. Result and Conclusion 
The simulation observations do show the decrease in the number of unnecessary handoffs

on incorporation of an optimum hysteresis margin and also gives an insight of the tradeoffs involved in introducing an optimum hysteresis margin and the associated initiation delays.

The detailed study shows that handoff initiation as well as channel availability has significant impact on the forced termination probability. If either one of them is not considered, one may obtain unrealistically low forced termination probability. The average number of handoff attempts per call and the forced termination probability cannot be minimized simultaneously. Tradeoffs have to be made between the forced termination probability and average number of handoff attempts per call. Soft handoff promises a better performance than hard handoff, through the exploitation of macroscopic diversity and minimizing the hysteresis margin. It is a complex technology and various studies indicate that system performance may be very sensitive to the settings of some parameters.

I have shown that the performance of soft-handoff algorithm can be well modeled by using the analysis we presented. The analysis enables us to provide insightful results without the need to resort to time-consuming simulation, and it helps in interpreting more complex simulations needed for total system characterization. The introduction of the timer in the soft-handoff algorithm is effective in the sense that it reduces the system overhead heavily with only a slight increasing in resource usage. Possible extensions of the modeling include other IS-95 parameters, more than two base stations, etc., with attending study of algorithmic and parametric

Robustness.

7. Future Works
The quantitative tradeoffs between various advantages and disadvantages of soft handoff

need to be further investigated, as do the parameter settings. There is a need to consider the combined effects of various parameters on the overall performance of handoff procedure rather then considering their individual effects. The second part of my project only focuses the theoretical explanations. The plots shown above can be plotted using matlab.
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APPENDIX 
MATLAB CODE
clc
clear all;
hte=150; %height of transmitting base station antenna in meters
hre=10; %height of receving antenna of mobile station in meters
sdA=3; %standard deviation of noise for Base station A
sdB=5; %standard deviation of noise for Base station B
noiseA=sdA*randn(1,50);
noiseB=sdB*randn(1,50);
figure
plot(noiseA);
hold on
Plot(noiseB,'r'); 
disp('uplink freq=835 Mhz')
disp('downlink freq=880 Mhz')
disp('urban environment =900 Mhz')
fc=input('Do You want path loss for uplink, downlink or urban environment frequency?=')
for d=1:50
% path loss calculation Between Mobile & Base station A
LA(d)=(69.55+26.6*log10(fc))-(13.82*log10(hte))-((1.11*log10(fc)-0.7)*(10)+(1.56*log10(fc)-0.8))+((44.9-6.55*log10(hte))*log10(d));
%path loss calculation Between Mobile & Base station B
LB(d)=(69.55+26.6*log10(fc))-(13.82*log10(hte))-((1.11*log10(fc)-0.7)*(10)+(1.56*log10(fc)-0.8))+((44.9-6.55*log10(hte))*log10(51-(d)));
% path loss calculation for free space model
LF(d)=32.4+20*log10(fc)+20*log10(d);
% Received power at A without noise
SrA(d)=60-LA(d);
% Received power at B without noise
SrB(d)=60-LB(d);
% Received power at A with Gaussian noise sd=3
PrA(d)=60-LA(d)+noiseA(d) ;
% Received power at B with Gaussian noise sd=5
PrB(d)=60-LB(d)+noiseB(d);
x(d)=PrA(d)-PrB(d);
end
figure(1)
%subplot(2,1,1);
plot (PrA);
title(' Received power at Aand B with Gaussian noise');
hold on
plot (PrB,':');
axis([0 50 -90 -50]);
xlabel('distance');
ylabel('signal strength')
grid 
figure(2)
subplot(2,1,2);
plot(SrA);
title(' Received power at Aand B without noise');
hold on
plot(SrB,':');
axis([0 50 -90 -50]);
xlabel('distance');
ylabel('signal strength')
grid
figure(3)
plot(LA);
title('path loss calculation Between Mobile & Base station A and B');
hold on
plot(LF,':');
axis([0 50 80 150]);
xlabel('distance');
ylabel('path loss');
figure(4)
plot(x);
title('difference of two signal strength');
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