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ABSTRACT

Power control in 3G WCDMA System is studied in this paper. The basic power control techniques 3GPP Power Control Algorithm 1, 2 and Adaptive Step Power Control Algorithms are studied. The algorithm is based on an adaptive modification of the transmitted power update step size. The Adaptive-Step Power Control Algorithm, which could be easily implemented, is an interesting variant of the one-bit command PC of WCDMA System. We will show some results of the ASPC Algorithm for a given numerical parameters set of the algorithm. The quicker convergence of the ASPC (with regard to the present version of power control in WCDMA) may give a capacity increase. 
The power control techniques plays the prominent role in enhancing the system performance and capacity in the interference limited network.There are several techniques to control the power of the WCDMA system that can be deployed in the network. But in this thesis we consider only some of them to show how the power control techniques are the important part in the wireless communication system. Among them, Adaptive Step Power Control Technique will be the major concern of study and also study the two algorithm of 3GPP Power Control Algorithm.
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CHAPTER 1: INTRODUCTION
In wireless radio network, the frequency spectrum has always been the important factor which has been always limited. The limited band of frequencies has been the limitation in the wireless communication which has lead to the limited network capacity and the degrading affect in the quality of service. Hence the radio parameters management has been one of the essential parts in managing the spectrum to serve the best service possible with sufficient capacity as per demand.

As the development in wireless communication the generation wise development is in very fast track in advancement and WCDMA is the technology that fall under the third generation system. The system is advanced with high data rates applicable for high speed data rate services like multimedia services including images and videos. 

In WCDMA system, radio resource management is very essential for better service, network capacity and have became the global challenge to meet the requirements. Among the various techniques of Radio Resource Management, the Power Control Mechanism has become one of the important. This is the interference suppression technique that lead to the better quality as well as increment in the network quality. The power control techniques plays the prominent role in enhancing the system performance and capacity in the interference limited network.
There are several techniques to control the power of the WCDMA system that can be deployed in the network. But in this thesis we consider only some of them to show how the power control techniques are the important part in the wireless communication system. Among them, Adaptive Step Power Control Technique will be the major concern of study and also study the two algorithm of 3GPP Power Control Algorithm.
1.1 Objectives

The major objective of this thesis is to study the 3GPP Power Control Algorithm 1 and 2 and the Adaptive Step Power Control Algorithm. The major concern of the thesis is to study the faster convergence of the power control update size and simulate the adaptive control algorithm.

The multi user environment will be assumed and study the variation of the SIR of the mobile user and study the speed of the convergence of power updates. In assumption of various parameters the simulation is carried out using a simulator developed in Visaul Basic.

In the algorithm the important parameters are the SIR values, power, convergence speed and number of users in service, the results are shown in simulator in terms of number of iteration as the convergence speed and number of users in service.
1.2 Motivation

In telecommunication field, the development has taken its track in very fast speed and now at present the technology has been developed in very advance manner. But there has always been the limitation in the frequency which puts on the limitation in the system. And power control as one of the radio resource managing technique has been the challenge for everyone working in the system.
Since the system is very complex and the users are random in their position, power control is the challenging task. So the power control is the important part for efficient system performance.
Power Control technique is proved to be the potential technique for the radio resource management which is very important for the balancing of the transmitter and receiver ends power levels. It gives the preferable results in the enhancement of the network capacity meeting the Quality of Service requirement of the system.

Power Control also provides the users to elongate the power supply of the battery for the user terminals and use the service for long period of time. Hence the study of the power control techniques might be the vital contribution in cellular communication system. In addition to this, the study of Power Control for WCDMA will be the better option for the advance system in the communication field as the requirement of present requirement of the users.

1.3 Problem Statement

In a general power control environment where all the mobiles in the system transmit with equal power levels, the near user which is close to base station always dominates the far users. Hence the basic power control problem is related to the near-far effect in the network among the users.
Since the limited bandwidth has always been a problem in the communication, the available spectrum is always divided into the maximum possible number of users. There is always a target to accommodate the maximum number of users with better service. But if the power levels of the users are not controlled, then it will result into some severe interference in co-channel as well as adjacent channel for the users. Hence power control is required.

Also for the mobile users moving in the random direction within the coverage area, the power control is essential. If the users move from one position to another and reaches the region where the signal strength is gradually decreased and comes to the minimum strength which might interrupt the service, the the power of the user has to be controlled. Hence power control is not only important for suppressing the interference and increasing the capacity but also for the continuous service and for the enhancing the battery life of the user terminals.

1.4 Scope of the Thesis

As the requirement and scope of the thesis, only the Adaptive Step Power Control Algorithm is considered. As the reference to this algorithm to study, other two basic algorithms known as 3GPP power Control Algorithms 1 and 2 are also studied. Since the objective is to control power in better speed by converging the update step size more faster, only parameters like the number of iteration performed to define the converging speed and the number of users in service within the network coverage are considered. These parameters are sufficient to define and judge the convergence speed which we require.

As an extension to this thesis, other algorithms can also be studied and comparison could be done to find out more faster ways to converge and control the power more faster.
1.5 Outline

This section provides the brief information about the contents of this thesis report. The thesis is organized into 7 Chapters.

Chapter1 gives a brief introduction to the scope and outline of the project

Chapter2 describes the necessary theory for the project. It describes about the WCDMA System and its specification, radio resource management techniques in WCDMA system, focused on power control techniques and other necessary theory and related papers.

Chapter3 provides the methodologies that have been carried out to do this project .

Chapter4 gives the details of simulation and the result of the simulations.

Chapter5 describes the various algorithms that has been considered as the scope of this thesis. This also includes the summary of the algorithms and the various flow chart of the considered power control algorithms.

Chapter6 concludes the result and outcome of the thesis.

Chapter7 deals with the possible future work that can be enhanced and continued with the thesis.
CHAPTER 2: LITERATURE REVIEW
2.1 WCDMA 3G System

In telecommunication field, the development has taken its track in very fast speed and now at present the technology has been developed in very advance manner. The technology has been categorized as the generational catagories. WCDMA is the third generation technology of also called third generation system.

As the categories of in context of generation, analogue cellular systems are usually called as the first generation systems. The second generation systems are the digital systems that have been in use at present mostly like GSM, PDC, CDMA1x (IS-95) and US-TDMA (IS-95). Next are CDMA2000, WCDMA are the third generation systems. The thesis is on WCDMA 3G systems focused on the power control algorithms.

The second generation system is mainly designed for the voice communications through wireless and other services like SMS (text message) and access to data network. The third generation system is specially designed with the breakthrough for the high speed data services and multimedia services including all the services that can be served with the 2G systems. In 3G system user to user communication is enhanced with the high quality images and video, access to information and services in the network enhanced with the higher data rates and new flexible communication capabilities.

In the standardization forums, WCDMA technology has became the most widely adopted 3G are interface. 3GPP (3rd Generation Partnership Project) included the specification of WCDMA system. This 3GPP is the joint standardization project of the standardization bodies from Europe, Japan, Korea, USA and China. 

	Variant
	Radio Access
	Switching
	2G basis

	3G (US)
	WCDMA, EDGE, CDMA2000
	IS-41
	IS-95, GSM1900, TDMA

	3G (Europe)
	WCDMA, GSM, EDGE
	Advanced GSM NSS and packet core
	GSM900/1800

	3G (Japan)
	WCDMA
	Advanced GSM NSS and packet core
	PDC


Table 1 3G variants and their building blocks
2.2 Air Interface and spectrum Allocations

Several different air interfaces are defined for third generation system and various countries in different region uses their own kind of the air interfaces and building blocks as per the requirement and th 3G services that the operators are intend to provided to the subscribers. The variant is as shown in the below figure for various regions. In addition to WCDMA, the other air interfaces that can be used to provide 3G services are EDGE and CDMA2000.
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Figure 1 Expected air interface and spectrum allocation in various region
The frequency band that has been allocated for the third generation IMT-2000 system is at around 2 GHz. The existing frequency allocation at around 2 GHz for different system has been listed as below mentioned table.

	System
	Uplink
	Downlink
	Total

	GSM1900
	1710-1785
	1805-1880
	2 x 75 MHz

	UMTS-FDD
	1920-1980
	2110-2170
	2 x 60 MHz

	UMTS-TDD
	1900-1920
	2010-2025
	20 + 15 MHz

	Americas PCS
	1850-1910
	1930-1990
	2 x 60 MHz


Table 2 Frequency allocation for different 3G System
 2.3 Main Parameters of WCDMA
WCDMA is a wideband Direct WCDMA is a wideband Direct-Sequence Code Division Multiple Access (DS-CDMA) System where user information bits are spread over a wide bandwidth.  In this system the user information are multiplied with the quasi-random bits called chips which are derived from CDMA spreading codes. A variable spreading factor and multicode connections are used in the system to meet the requirement of high bit rates of up to 2 Mbps.

WCDMA supports the chip rate of 3.84 Mcps which leads to a carrier bandwidth of approximately 5 MHz. The inherently wide carrier bandwidth of WCDMA supports high user data rates and also has certain performance benefits, such as increased multipath diversity. The network operator can implement multiple 5 MHz carriers to increase capacity. The selection of the actual carrier spacing can be done on a 200 KHz grid between approximately 4.4 and 5 MHz, depending on interference between the carriers.
WCDMA supports highly variable user data rates which are generally kept constant during each 10 ms frame. However, the data capacity among the users may vary from frame to frame. This fast radio capacity allocation will be controlled by the network to achieve optimum throughput for packet data services.

WCDMA supports two basic modes of operation: Frequency Division Duplex (FDD) and Time Division Duplex (TDD). In the FDD mode, separate 5 MHz carrier frequencies are used for the uplink and downlink respectively, whereas in TDD only one 5 MHz is timeshared between the uplink and downlink.

WCDMA supports the operation of asynchronous base stations and hence no global time reference such as a GPS is required.
Based on the use of pilot symbols or common pilot, WCDMA employs coherent detection on uplink and downlink which result in an overall increase of coverage and capacity on the uplink.

Multiuser detection and smart adaptive antennas can be deployed by the network operator as a system option to increase capacity and/or coverage in WCDMA system because of the advancement in the radio resource management algorithms incorporated in the WCDMA air interfaces.
Handovers between GSM and WCDMA are supported and thus WCDMA is designed to be deployed in conjunction with GSM.
	Multiple access method
	DS-CDMA

	Duplexing method
	Frequency division duplex/time division duplex

	Base station synchronization
	Asynchronous operation

	Chip rate
	3.84 Mcps

	Frame length

	10 ms

	Service multiplexing

	Multiple services with different quality of

service requirements multiplexed on one

connection

	Multirate concept
	Variable spreading factor and multicode

	Detection
	Coherent using pilot symbols or common pilot

	Multiuser detection, smart antennas
	Supported by the standard, optional in the

implementation


Table 3 Main WCDMA Parameters
2.4 Difference between WCDMA and 2G System
Comparing the system specifications, many advancement are included in WCDMA system than 2G System. Beside air interfaces, various advance services and additional services are also facilitated in WCDMA System. Only considering the air interfaces, the main difference between WCDMA System and GSM as well as IS-95 can be listed as below mentioned table.

	
	WCDMA
	GSM

	Carrier spacing
	5 MHz
	200 kHz

	Frequency reuse factor
	1
	1–18

	Power control frequency
	1500 Hz
	2 Hz or lower

	Quality control
	Radio resource management algorithms
	Network planning (frequency planning)

	Frequency diversity
	5 MHz bandwidth gives multipath diversity with Rake receiver
	Frequency hopping

	Packet data
	Load-based packet scheduling
	Time slot based scheduling

with GPRS

	Downlink transmit diversity
	Supported for improving

downlink capacity
	Not supported by the standard, but can be applied


Table 4 Difference between WCDMA and GSM
	
	WCDMA
	IS-95

	Carrier spacing
	5 MHz
	1.25 MHz

	Chip rate
	3.84 Mcps
	1.2288 Mcps

	Power control frequency
	1500 Hz, both uplink and

downlink
	Uplink: 800 Hz, downlink: slow power control

	Base station synchronization 
	Not needed
	Yes, typically obtained via GPS

	Inter-frequency handovers
	Yes, measurements with

slotted mode
	Possible, but measurement

method not specified

	Efficient radio resource

management algorithms
	Yes, provides required quality of service
	Not needed for speech only Networks

	Packet data
	Load-based packet scheduling
	Packet data transmitted as short circuit switched calls

	Downlink transmit diversity
	Supported for improving

downlink capacity
	Not supported by the standard


Table 5 Difference between WCDMA and IS-95
2.5 Radio Resource Management

Radio Resource Management (RRM) is one of the prominent parts in the WCDMA System. The RRM algorithms are responsible for efficient utilization of the air interface resources. RRM is essential for Quality of Service (QoS), for maintaining the planned coverage area, and to offer high capacity. The family of RRM algorithms can be divided into handover control, power control, admission control, load control, and packet scheduling functionalities. Power control is needed to keep the interference levels at minimum in the air interface and to provide the required quality of service. Handovers are needed in cellular systems to handle the mobility of the user terminals across cell boundaries. Whereas the admission control, load control and packet scheduling are required to guarantee the quality of service and to maximize the system throughput with a mix of different bit rates, services and quality requirements. 
The thesis is concerned with the power control technique under the Radio Resource Management technique. So only the Power Control Technique is mentioned as the necessary part of the literature review section.

2.6 Power Control

Power control is an essential feature of any CDMA-based cellular system. Without utilizing an accurate power control mechanism, these systems cannot operate.The main reasons for implementing power control are the near–far problem. In a general power control environment where all the mobiles in the system transmit with equal power levels, the near user which is close to base station always dominates the far users. Hence the basic power control problem is related to the near-far effect in the network among the users.Another reason for power control is the interference-dependent capacity of WCDMA. In WCDMA systems the purpose of power control is mainly to reduce intra-cell interference and increase the system capacity. And also for the reason of limited power source of the UE, power control is required. Hence to meet these targets requires optimization of radio transmission power (i.e., that the power of every transmitter is adjusted to the level required to meet the desired requirement.

Whatever the radio environment, power received should be at an acceptable level. The target of power control is to adjust the power to the desired level without any unnecessary increase in UE transmit power. This ensures that transmit power is just within the required level (neither higher nor less), taking into account the existing interference in the system.

System capacity is maximized if the transmitted power of each terminal is controlled such that its signal arrives at the BS with the minimum required SIR. If a terminal’s signal arrives at the BS with a power value that is too low, then the required QoS for radio connection cannot be met. If the received power value is too high, then, although the performance of this terminal is good, interference to all the other terminal transmitters sharing the channel is increased and may result in unacceptable performance for other users, unless their number is reduced.

Due to the fact that the total bandwidth in the WCDMA system is shared simultaneously, other users can be experienced as a noise-like interference for a specific user. When the power control mechanism is missing or operates imperfectly, common sharing of the bandwidth creates a severe problem, called the ‘‘near–far’’ effect. In near–far situations the signal of the terminal that is close to the serving BS may dominate the signal of those terminals that are distant from the same BS. Because of the crucial drawback of the near–far effect on the performance of the WCDMA system, its mitigation is one of the pivotal purposes of power control mechanisms. These mechanisms have a considerable impact on WCDMA system capacity. 
2.7 Power Control Mechanism in WCDMA-FDD

In WCDMA, power control is employed in both uplink and downlink directions. Downlink power control is basically for minimizing interference with other cells and compensating for the interference from other cells, as well as achieving an acceptable SIR. However, power control for the downlink is not as vital as it is for the uplink. It is still implemented for the downlink, because it improves system performance by controlling interference from other cells.

The main target of uplink power control is to mitigate the near–far problem by making the transmission power level received from all terminals as equal as possible at the home cell for the same QoS. Therefore, uplink power control is used for finetuning terminal transmission power, resulting in mitigation of intra-cell interference and the near -far effect. To manage power control properly in WCDMA, the system uses two different power control mechanisms. These power control mechanisms are:
1) Open Loop Power Control (OLPC).
2) Closed Loop Power Control (CLPC), inner and outer loop.

2.7.1 Open Loop Power Control (OLPC)

In OLPC, which is basically used for uplink power adjusting, the UE adjusts its transmission power based on an estimate of the received signal level from the BS. In addition, the UE estimates the strength of the transmission signal by measuring the received power level of the pilot signal from the BS in the downlink, and adjusts its transmission power level in a way that is inversely proportional to the pilot signal power level. Consequently, the stronger the received pilot signal the lower the UE power transmitted.

In the case of WCDMA-FDD, OLPC alone is insufficient to adjust UE transmission power, because the fading characteristics of the radio channel vary rapidly and independently between uplink and downlink. Therefore, to compensate for the rapid changes in signal strength a CLPC mechanism is also needed. Nevertheless, OLPC is useful for determining the initial value of transmitted power.

2.7.2 Closed Loop Power Control (CLPC)

CLPC is utilized to adjust transmission power when the radio connection has already been established. Its principal purpose is to compensate for the effect of rapid changes in radio signal strength and, hence, it needs to be fast enough to respond to these changes. In this case the BS commands the UE to either increase or decrease its transmission power using a cycle of 1.5 kHz (1,500 times per second) by 1dB or 2dB step sizes. The decision to increase or decrease power is based on the received SIR as estimated by the BS. When the BS receives the UE signal it compares the signal strength with thepredefined threshold value at the BS. If the UE transmission power exceeds the threshold value, the BS sends a Transmission Power Command (TPC) to the UE to decrease its signal power. If the received signal is lower than the threshold target the BS sends a command to the UE to increase its transmission power. It should be emphasised that various measurement parameters, such as SIR, signal strength, Frame Error Ratio (FER) and Bit Error Ratio (BER), can be used to compare the quality of the power received and to make a decision about whether to control transmission power or not.
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CHAPTER 3: RESEARCH METHODOLOGY
3.1 Study of basic theory
-
As an initial stage of the thesis work, the basic theory necessary to initiate the work is gathered. Various books and IEEE papers were collected and studied to gain the knowledge about the cellular communication and focused on the WCDMA System. The basic about the WCDMA system was considered. During the study, the Radio Resource Management techniques were considered to be the important part and given the most priority concern to the power control techniques.

-
The IEEE paper on Power Control Algorithm for WCDMA by Loutfi Nuaymi, Xavier Lagrange, Philippe Godlewski is studied as the major referring paper to further proceed towards the objective of the thesis. The paper is concerned with the simulation of the Adaptive Step Power Control Algorithm which is also the main concern of this thesis. The reference of the paper contributed in the procedure to follow in the simulation of the thesis. And conclusions were drawn.

3.2 Algorithms

As the research work basically 3 algorithms were studied. The studied algorithms are:

1) 3GPP Power Control Algorithm1

2) 3GPP Power Control Algorithm2

3) Adaptive Step Power Control Algorithm

The general theory and the algorithms were studied and gained the knowledge of the behavior of those considered algorithms. Developed the flow chart of the algorithms so that these could be studied in more systematic way and could be used during the simulation.

3.3 Collection of data

During the study of the algorithm, the reference of the existing Nepal telecom WCDMA network is considered. And the drive test is carried out with the RF team of Nepal Telecom to study the behavior of various parameters in practical field implemented.The drive test is done and collected the drive test data and studied. Following is the observed data of the sample site in Kathmandu and on the basis of the data collected various parameters were studied. The data collected during the period have been included in the ANNEX1.
3.4 System Model

In this thesis as the system model, the simulator is developed using the Vasual Basic. The model includes two parts as the comparison of the estimated and target SIR values. It is done by the assumption of various necessary parameters required for simulation of those algorithms.

In the first part of the simulation power calculation and SIR values calculation is carried out. It is done by setting up the environment of the cellular network with few users and the base station.

In the second part of simulation various comparisons were shown by graphical representation which is the final result for drawing the conclusion for the project. 
CHAPTER 4: POWER CONTROL ALGORITHM

[image: image5.png]1 5 7 9 1113151719 2123252729 31 53739 41 43 45 47 49 51

A\

: ‘:5 /: — !: ———RSSI
——Tx Power




The power control algorithm is based on the comparision of the SIR values and the power control command is transmitted through the air interface. The WCDMA air interface is incorporated with the frames of 10ms duration. This frame consist of 15 time slots and each of the slot includes the Power Control command which denotes the up and down of the power strength.

In this thesis, three algorithms have been considered and compared. The considered 3 algorithms are:

4) 3GPP Power Control Algorithm1

5) 3GPP Power Control Algorithm2

6) Adaptive Step Power Control Algorithm

4.1 3GPP Power Control Algorithm1

In 3GPP Power Control Algorithm1, the SIR values are compared and the power command is decided. The comparing values for SIR are the target SIR values denoted by SIRtarget and the estimated SIR value of the receiver denoted by SIRest. The target SIR value, SIRtarget is fixed for each receiving terminal or the each communicating link. This comparision is done in the inner closed-loop. The inner closed loop measures the received quality, defined as the received Signal-to-Interference Ratio (SIR) and sends commands to the transmitter for the transmitted power update. 

Once the target and estimated SIR values are compared, the increasing and decreasing Power Control Command are transmitted to the user terminal in case of uplink and in reference to the Power Control command sent, the power is increased or decreased with the particular updating step size. Generally the step size of 1dB is used. The algorithm can be summarized as below:

- if SIRest > SIRtarget then the TPC command to transmit is "0", requesting a transmit power decrease;

- if SIRest < SIRtarget then the TPC command to transmit is "1", requesting a transmit power increase. 




4.2 3GPP Power Control Algorithm2

This Algorithm is slightly different from that of the Algorithm1. In first case the power is updated in every time slot for each Power Control Command sent. But in this second one, the transmit power is updated each five time slots. And this leads to the smaller power update steps.

The Algorithm can be summarized as below:

- if SIRest > SIRtarget then the TPC command to transmit is "0", and increase count by one.

- if SIRest < SIRtarget then the TPC command to transmit is "1" and increase count by one.

-if time slot number is multiple of 5, i.e. count =5n, then check power control command.

-update the power by unit step size as per the status of every 5th count of time slot. Either increase or decrease power.


4.3 Adaptive Step Power Control Algorithm

For the present version of power control algorithm of WCDMA, transmitted power update step is around 1 dB.

The aim of this algorithm is to converge faster than the present WCDMA power control algorithms. In WCDMA System, one PC commands (up or down) is transmitted per time slot. The value of the fixed step may be too small or too large for the transmitted power adjustment needed. So in this algorithm the fixed power update step is replaced by an adaptive step in the inner closed-loop of 3G WCDMA systems. This is called the Adaptive-Step Power Control (ASPC). 

The algorithm can be summarized as below:

 The initial value of the power update step is ∆0, expressed in dB. 
· the update step is multiplied by µ when n1 successive up commands are received;
· the update step is multiplied by ν when n0 successive down commands are received;
· this value is divided by λ when the power update command sequence is an alternate sequence of n01 up and down commands (i.e., for a received sequence up-down-up-down or down-up-down-up, if n01 is equal to 4).
The algorithm has seven parameters: ∆0, µ, ν, λ, n1 , n0, and n01.
where,
∆0
- initial step size of power to update

µ
- multiplying factor for successive up command

 ν
- multiplying factor for successive down command

 λ
- dividing factor for alternate up/down command

n1
- no. of  successive up command

n0
- no. of  successive down command

n01
- no. of alternate up/down command



Flow Chart Contd….
CHAPTER 5: SIMULATION & RESULT

5.1 Simulator

The simulator is developed using Visual Basic. Following screen shot is the initial interface of the simulator. Assuming the square grid, the central part denotes the NodeB serving site. And the other four small squares denote the mobile users. Te colors that has been incorporated in the squares represent the service quality for those users in that location.
The user location can be varied mannully to calculate the Power, SIR at various location. Assumption is made that the users are either static or moving with very low speed.
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Figure 7 GUI for Implemented Power Control Algorithm Simulator
Once the simulation is started, the simulator starts calculating the distance of the user from serving site, Mobile power and SIR values.

These values are updated each time by use of Adaptive Step Power Control Algorithm. During the simulation the red color associated with the user representing square will denote the service outage for the respective user and other colors denote the users in service under the serving site.

5.2 Result

The data analysis part gives the data resulted during the simulation. These data included iteration number, time interval for each iteration, distance of the mobile user from the serving site, transmit power and average SIR. The data is used for the calculation of power, update step size using concern algorithm. And later on the same data is used for comparision and represent in the graphical mode which will be the final result for the thesis. This second part is still under progress.
Still the final result have not been obtained and still under progress to develop the comparion graph to conclude. But from the data calculation result and analysis, the till date conclusion could be drawn.
CHAPTER 6: CONCLUSION

Hence from the study, comparision and simulation of the power control algorithms, it can be concluded that the power control is one of the most important part in the WCDMA system. The result of the simulation shows that the power control is necessary for maintaining the quality service of the users and the network capacity. It is very important for maintaining the network capacity by providing the service to the maximum possible users with acceptable interference and the sufficient power strength required for the user to continue the service.
CHAPTER 7: FUTURE ENHANCEMENT

In this thesis the mobile users are considered as stationary and the subscribers are manually moved in their locations. Hence the enhancement can be done by considering the fast moving users with high velocity to maintain the service quality as well as the outage. The number of users are very few and limited whereas in future the work can be continued with large number of subscribers and increased number of NodeB sites. Also the new parameters could be incorporated to more faster convergence of the step size of the updating power.
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ANNEX 1
Sample Data of WCDMA Site Studied during the research
	S.N.
	Longitude
	Latitude
	Time
	RSSI
	Tx Power
	Average SIR

	1
	85.3387467
	27.7184817
	56:42.9
	-56.58
	-31
	-26.46

	2
	85.33877
	27.7184767
	56:43.4
	-64.83
	-31
	-27.99

	3
	85.3388017
	27.7184717
	56:44.1
	-52.25
	-34
	-26.03

	4
	85.3388017
	27.7184717
	56:44.6
	-53.92
	-31
	-25.36

	5
	85.3388417
	27.718465
	56:45.4
	-54.17
	-33
	-25.35

	6
	85.3388817
	27.71846
	56:46.1
	-60.25
	-30
	-20.37

	7
	85.3388817
	27.71846
	56:46.9
	-61
	-28
	-20.6

	8
	85.3389233
	27.7184567
	56:47.6
	-58
	-32.33
	-20.87

	9
	85.33897
	27.7184533
	56:48.1
	-70
	-34.33
	-21.1

	10
	85.33897
	27.7184533
	56:48.9
	-59.33
	-29.33
	-19.47

	11
	85.3390217
	27.7184483
	56:49.4
	-61.17
	-34
	-18.6

	12
	85.3390733
	27.718445
	56:50.2
	-51.33
	-32.33
	-17.92

	13
	85.3390733
	27.718445
	56:50.9
	-53.33
	-38.33
	-19.03

	14
	85.3391233
	27.71844
	56:51.6
	-49.42
	-40.33
	-21.16

	15
	85.3391733
	27.718435
	56:52.4
	-51.5
	-39.33
	-20.36

	16
	85.3391733
	27.718435
	56:52.9
	-55.5
	-40.33
	-20.33

	17
	85.339225
	27.71843
	56:53.6
	-50.25
	-42
	-19.67

	18
	85.3392833
	27.7184267
	56:54.1
	-52.83
	-40.67
	-19.72

	19
	85.3392833
	27.7184267
	56:54.9
	-52.75
	-45
	-20.95

	20
	85.3393467
	27.7184217
	56:55.4
	-59.25
	-37
	-19.02

	21
	85.3394067
	27.7184167
	56:56.1
	-55.92
	-37
	-18.64

	22
	85.3394067
	27.7184167
	56:56.6
	-50.25
	-39
	-20.15

	23
	85.33946
	27.7184067
	56:57.4
	-46.33
	-33
	-20.25

	24
	85.3395117
	27.71839
	56:58.1
	-49.5
	-35.33
	-20.73

	25
	85.3395117
	27.71839
	56:58.9
	-44.92
	-37.33
	-20.71


Sample Data of WCDMA Site Studied during the research

	S.N.
	Longitude
	Latitude
	Time
	RSSI
	Tx Power
	Average SIR

	26
	85.3395617
	27.71837
	56:59.6
	-57.33
	-40
	-19.2

	27
	85.33961
	27.7183467
	57:00.4
	-50
	-39.33
	-19.14

	28
	85.339655
	27.7183217
	57:01.1
	-50.42
	-43
	-19.52

	29
	85.339655
	27.7183217
	57:01.9
	-55.08
	-39.33
	-20.34

	30
	85.339695
	27.7182967
	57:02.6
	-57.17
	-45
	-21.14

	31
	85.339735
	27.7182717
	57:03.1
	-48.5
	-39.33
	-21.76

	32
	85.339735
	27.7182717
	57:03.9
	-47.5
	-43.33
	-21.06

	33
	85.3397733
	27.7182483
	57:04.6
	-50.25
	-41.33
	-19.83

	34
	85.33981
	27.7182267
	57:05.4
	-54.83
	-45
	-18.53

	35
	85.3398417
	27.7182067
	57:06.1
	-52.17
	-38.33
	-19.03

	36
	85.3398417
	27.7182067
	57:06.7
	-56.92
	-43.33
	-20.48

	37
	85.3398667
	27.7181917
	57:07.4
	-57.5
	-38.33
	-18.64

	38
	85.3398833
	27.71818
	57:08.1
	-54.92
	-35.33
	-20.71

	39
	85.3398833
	27.71818
	57:08.6
	-55.17
	-35.33
	-19

	40
	85.339895
	27.7181733
	57:09.4
	-56.25
	-35.33
	-20.88

	41
	85.339895
	27.7181733
	57:09.9
	-53.42
	-35.33
	-19.93

	42
	85.339905
	27.7181667
	57:10.4
	-57.33
	-39
	-19.32

	43
	85.3399117
	27.7181617
	57:11.1
	-63.58
	-32.33
	-18.8

	44
	85.3399117
	27.7181617
	57:11.9
	-59.75
	-34.33
	-19.97

	45
	85.3399167
	27.7181583
	57:12.5
	-58.75
	-31.33
	-20.62

	46
	85.3399217
	27.718155
	57:13.1
	-67.75
	-28.33
	-20.64

	47
	85.3399217
	27.718155
	57:13.6
	-63.83
	-29
	-20.37

	48
	85.3399267
	27.7181517
	57:14.4
	-61.92
	-23.33
	-18.98

	49
	85.33993
	27.71815
	57:15.1
	-66.42
	-29.33
	-19.93

	50
	85.33993
	27.71815
	57:15.7
	-58
	-32.33
	-17.74


Table 6 Sample Data of WCDMA Site Observed
Study of behavior in variation of Received Power, Transmitted Power and Average SIR in Site




0         1          2         3         4         5         6          7         8         9        10       11       12       13        14





Time Slot





PC Command





WCDMA frame





Calculate SIRest





Input


SIRtarget





If 


SIRest


>SIRtarget








PC Command =1





Increase Power by unit step size





PC Command =0








Decrease Power by unit step





Go to initial step and repeat





yes





no





Store PC Command & Increase count by 1





Update Power by unit step





Go to initial step and repeat





If 


Count = 5n








Calculate SIRest





Input


SIRtarget





If 


SIRest


>SIRtarget








PC Command =1





PC Command =0








yes





no





yes





no





Compare previous and current PCommand





n1= n1+1





if 


PC Previous


= PC Current








if 


PC Command=1








n0= n0+1





n01= n01+1





Calculate SIRest





Input


SIRtarget





If 


SIRest


>SIRtarget








PC Command =1





PC Command =0








yes





no





yes





no





yes





no





if


n1 or n0 or n01


= set value











PC Command=1








Multiply ∆0 by µ, ν and  divide by λ resp.





n1= n1+1





n0= n0+1





n01= n01+1





Update Power by unit step





Go to initial step and repeat





SIRtarget estimation





PC Decision





Radio Channel





Receiver Block


SIRest           BERest





Outer Loop





BERtarget





SIRtarget





Inner Loop





Figure � SEQ Figure \* ARABIC �2� Block diagram of Close Loop Power Control Mechanism





Figure � SEQ Figure \* ARABIC �3� WCDMA frame with time slot and power control command





Figure � SEQ Figure \* ARABIC �4� Flow Chart of 3GPP Power Control Algorithm1





Figure � SEQ Figure \* ARABIC �5� Flow Chart of 3GPP Power Control Algorithm2





Figure � SEQ Figure \* ARABIC �6� Flow Chart of Adaptive Step Power Control Algorithm





Figure � SEQ Figure \* ARABIC �8� GUI for ASPC Algorithm with simulated values





Figure � SEQ Figure \* ARABIC �9� Comparison of Received Power and Transmitted Power





Figure � SEQ Figure \* ARABIC �10� Comparison of Received Power, Transmitted Power and Average SIR
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