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Abstract

Inner-loop power control is one of the essential radio resource management 

functions of WCDMA systems. It aims to control the transmission power to ensure 

that the quality of service for each communication link is adequate and the 

interference in the system is minimised.

Inner-loop power control currently used in UMTS is a SIR-based fixed stepsize 

power control (FSPC) algorithm. Transmit Power Control (TPC) commands are 

sent to control transmission power. This kind of power control algorithm has many 

limitations such as its inability to track rapid changes in radio channel fading. 

Furthermore, it creates oscillation when the channel is stable. These limitations 

result in power control error (PCE) in the received signal. High PCE leads to 

several performance degradations such as more outage probability and an increase 

in the total interference.

In this thesis, new inner-loop power control algorithms are proposed to minimise 

PCE. One of the new algorithms utilises historical information of TPC commands 

to intelligently adjust the power control stepsize. The perfonnance of the proposed 

algorithm is compared with adaptive power control algorithms proposed in the 

literature. The simulation results show that the proposed adaptive power control 

algorithm outperforms the conventional fixed stepsize power control algorithm. 

Furthermore, it outperforms other adaptive power control algorithms in some 

scenarios.

The results from the simulations in this thesis show that delays in the power control 

feedback channel lead to performance degradations especially for adaptive power 

control algorithms. A new delay compensation technique named partial time delay 

compensation (PTDC) is proposed to mitigate the effect of delays. Simulations 

show that the performance in terms of PCE can be improved using this new 

compensation technique.
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Knowledge of the maximum Doppler frequency, which is closely related to user 

speed, is invaluable for optimisation of radio networks in several aspects. It can be 

used to improve the performance of inner loop power control. A new parameter 

named Consecutive TPC ratio (CTR) is originally defined in this thesis. CTR has a 

correlation with the maximum Doppler frequency so that it can be used to estimate 

user speed. The simulation results show that with the use of ldB FSPC, user speeds 

can be accurately estimated up to 45 km/h. A new adaptive power control 

algorithm, named CAAP, in which the stepsize is adjusted using CTR, is also 

proposed. The simulation result shows that CAAP can achieve similar performance 

as that of the adaptive power control algorithm in which the stepsize is adjusted 

based on perfect knowledge of the optimal fixed stepsize for every user speed. 

Furthermore, the performance of CTR aided speed estimation can be recursively 

improved with the use of CAAP.
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Chapter 1 
Introduction

1.1 Brief History of Cellular Systems

During the last two decades, wireless cellular communication systems have 

dramatically grown. The first era of wireless cellular communication is referred to 

as the first-generation (1G) system. The 1G system was based on analog 

transmission and could offer only speech services. The multiple access technique 

used in 1G was very simple. This multiple access technology is referred to 

Frequency Division Multiple Access (FDMA). Each user connecting to a 1G 

system was allocated a narrow frequency band, and the user held this band for the 

entire call period. The significant improvement on the second generation (2G) 

system was the use of digital transmission technologies which allow the use of 

correction coding and more efficient multiple access technique such as Time 

Division Multiple Access (TDMA). The total frequency band in 2G was divided 

into several sub-channels and with the use of TDMA techniques, many users can 

share one sub-channel. A good example of 2G systems is the GSM system which 

has been successful globally.

Universal Mobile Telecommunication System (UMTS) is one of the third 

generation (3G) technologies. It has been standardised by the 3rd Generation 

Partnership Project (3GPP) to provide high data-rate applications which 2G 

technologies (i.e. GSM) cannot support. Initially, the UMTS standard was designed 

to support a maximum composite data rate of up to 2 Mbps in theory [1]. In 

practice, UMTS users can attain the data rate up to 384 kbps which is much greater 

than 14.4 kbps provided by the earlier GSM technology. The maximum data rate 

can be enhanced to 14.0 Mbps with the use of High Speed Downlink Packet Access 

(HSDPA) in the downlink direction (base station to mobiles) [2] and High Speed 

Uplink Packet Access (HSUPA) with the maximum data rate beyond 5 Mbps [3] in

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
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the uplink direction (mobiles to base station). There was a significant growth in the 

number of 3G/UMTS subscribers worldwide. It can be stated that this decade is the 

growing era of UMTS networks. Many GSM service providers decide to upgrade 

their GSM systems to UMTS. One of good examples of such telecommunication 

sendee providers is the Telstra's billion dollar Next G network in Australia which 

had been launched in October 2006 [4],

1.2 WCDMA

UMTS is based on Wideband Code Division Multiple Access (WCDMA) 
technology. In contrast to FDMA where each user can transmit on an individual 

frequency band, users in a WCDMA system simultaneously transmit their signals in 

the same frequency band (5 MHz in UMTS specifications). To identify the signals 

transmitted from different users, each user is assigned a code sequence named 

“spreading code”. This particular code has special correlation properties. That is, 

the cross-correlation of different spreading code sequences is ideally equal to zero 

and the autocorrelation is ideally very high. Therefore, if the receiver knows the 

code sequence of the desired user, the original signal of this user can be extracted 

by multiplying the received signal with the corresponding code sequence and then 

integrating.

Power control is an essential mechanism for maximising the capacity of WCDMA- 

based cellular systems like UMTS. The capacity of WCMA-based cellular systems 

is interference limited. The major task of the power control in UMTS is to minimise 

transmission power (which is the interference to other users) while ensuring 

adequate signal quality at the receiver.

Power control plays an important role in WCDMA to mitigate the effect of “near- 

far" problem which has a major influence on the system capacity. The “near-far" 

problem refers to a situation in which a mobile terminal near the base station

1.3 Power Control in UMTS

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

2



4* UNIVERSITY OF
TECHNOLOGY SYDNEY

transmits at excessive power and blocks other users located far away from the base 

station. A model of this undesirable situation is illustrated below:

UE-A is blocking UE - B 

j ^AeT\_ (receiver power)
Blocking !

Base station UE - BUE-A

Figure 1.1 The near-far problem

In Figure 1.1, User Equipment-A (UE-A) is closer to the base station (or Node B in 

UMTS) than UE-B. Without power control, if both UEs are transmitting at the same 

transmission power, the received signal of UE-A at the receiver will be higher than 

that of UE-B. This is because UE-A experiences less propagation loss than UE-B 

(assuming the channel is free-space). The received signal from UE-B at the base 

station is the interference for UE-A. Therefore, UE-B experiences excessive 

interference and the quality of its radio connection can not be guaranteed.

Ideal power control in WCDMA aims to equalise received signal powers from all 

UEs within a coverage area. This concept is illustrated in Figure 1.2. The received 

signal power levels from UEs located in different positions in case of no-power 

control and ideal power control are shown in Figure 1.2.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
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UE-D

Received Power at Node-BReceived Power al Node-B Ideal Power ControlNo Power Control
Node-B

UE-B

Figure 1.2 The received signal power (a) no power control (b) ideal power

control

Figure 1.2(a) shows the received signal strengths of four UEs where power control 

is not applied. It can be seen that the received signal power of UE-B which is far 

away from the Node B is very low. As a result, this UE-B will experience poor 

quality of service. On the other hand, in Figure 1.2(b), the received signal powers 

from all UEs are equal. This means all users can achieve the same radio link quality 

independent of their locations.

In UMTS, there are three types of power control: open-loop power control, outer- 

loop power control, and inner-loop power control. Open-loop power control is used 

at the beginning of a radio connection establishment to set the initial uplink 

transmission power of a UE according to the signal measurement from a downlink 

channel. In the uplink direction, the initial transmission is set based on the signal 

strength measured from the common pilot channel (CPICH) which is a downlink 

channel. Outer-loop power control sets the signal-to-interference-ratio (SIR) target 

to such a level that an adequate quality of service can be guaranteed. In inner-loop 

power control, the transmission power is controlled by a transmit power control 

(TPC) command which is based on the received SIR and the target SIR. If the 

received SIR is lower than the SIR target then a power-up TPC command will be 

issued, otherwise a power-down TPC command will be issued. The transmitter 

obeys this TPC command by increasing or decreasing the transmission power 

accordingly based on a fixed stepsize (typically ldB). This thesis focuses on the 

performance evaluation and the development of a new inner loop power control 

technique.
20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
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1.4 Problem Statements and Research Objectives

The conventional inner-loop power control has many limitations such as:

- It causes oscillations in the received signal when a user is moving slowly.

- It is not sufficiently fast to track a deep fade especially when a user is moving 

quickly (e.g. faster than 30 km/h).

This aims of this thesis were to develop a new adaptive power control algorithm 

which is capable of efficiently tracking rapid changes in the radio channel when a 

user is moving quickly, and at the same time minimising oscillations in the received 

signal when a user is moving slowly.

A large number of research papers have focused on mitigating the oscillations in 

received SIR and improving the power control tracking capability. Adaptive power 

control algorithms proposed in the literature as well as the one proposed in Chapter 

4 can cope with the above limitations. However, most of the existing adaptive 

power control algorithms do not take the effect of power control loop-delays into 

account. It has been found that an additional loop-delay in the TPC feedback 

channel dramatically degrades the performance of inner-loop power control [6-8] 

and the problem becomes more serious for adaptive power control [9], As a result, 

the performance of the adaptive power control algorithms substantially degrades in 

the presence of loop delays as shown by simulations in Chapter 5. If the loop delay 

is known, the performance of the adaptive power control algorithms can be 

improved by using the Time Delay Compensation (TDC) technique proposed in [6

8]. On the other hand, when the delay is not known to the power control system, an 

inappropriate use of TDC introduces more performance degradations as will be 

shown in Section 5.4. To solve this problem, an improved version of TDC called 

Partial TDC (PTDC) is proposed in Chapter 5. The new adaptive power control 

algorithm proposed in Chapter 4 with the use of PTDC proposed in Chapter 5

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

5



.4* university of
TECHNOLOGY SYDNEY

achieves an improved performance when the exact number of power control loop- 

delays is unknown.

1.5 Thesis Outline

This thesis is organised as follows: Chapter 1 provides the introduction to the thesis. 

It contains brief information of cellular systems, WCDMA technology and a short 

description of power control in UMTS. The problem statement and the aims of the 

thesis as well as research contributions are provided in this chapter.

Chapter 2 consists of background knowledge of UMTS network architecture, 

WCDMA technology and wireless propagation channels. Five main radio resource 

management functions including inner-loop power control for UMTS are briefly 

explained in this chapter. A detailed UMTS frame structure containing a TPC 

command is given.

The standardised inner-loop power control for UMTS is discussed in details in 

Chapter 3. The characteristics of received signal after power control are illustrated 

and explained. The definition of power control error (PCE) is given in this chapter. 

The effects of PCE on the performance of UMTS are also given. At the end of this 

chapter, limitations of the standardised inner-loop power control and effects of 

changing power control stepsize are discussed.

In Chapter 4, a number of adaptive power control algorithms are briefly reviewed. 

After that, a novel adaptive power control algorithm is proposed. The performance 

of the new algorithm is evaluated and compared with several adaptive power 

control algorithms in the literature in terms of PCE.

Chapter 5 considers the performance of a number of power control algorithms in the 

presence of known and unknown loop-delays. In the presence of known loop- 

delays, TDC is used to combat the effects of the loop-delays. In the presence of 

unknown loop-delay, a modified version of TDC, PTDC is proposed. The

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
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performance of the new adaptive power control algorithm proposed in Chapter 4 

with the aid of PTDC is evaluated in different scenarios.

The correlation between the number of consecutive TPC commands and the 

maximum Doppler frequency is presented in Chapter 6. The correlation can be 

captured by a new parameter called “Consecutive TPC ratio*' (CTR). The 

simulation results in Chapter 6 show that this parameter can be used to estimate the 

maximum Doppler frequency and to adjust the power control stepsize.

Chapter 7 concludes this thesis and provides some future work.

1.6 Original Contributions

The following contributions made in this thesis are considered original.

Chapter 4

- A new adaptive power control algorithm for inner loop power control.

- Performance comparison of six adaptive power control algorithms.

Chapter 5

- Performance evaluation of a number of adaptive power control algorithms in 

the presence of known and unknown loop delays.

- Performance improvement of power control algorithms with the use of TDC 

in the presence of known loop delays.

- A new TDC technique named PTDC.

- Performance improvement of the proposed power control algorithms with the 

use of PTDC in the presence of unknown loop delays.

Chapter 6

- A new parameter named CTR which can capture the correlation between 

consecutive sequences of TPC commands and the maximum Doppler 

frequency.

- User speed estimation techniques using CTR.

- A new adaptive power control algorithm using CTR.
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1.7 List of Publications

Some of the material in this thesis has been presented and/or published at a number 

of international conferences and Electronic Letter. The paper [PI] has been created 

based on a preliminary version of simulation program used in this thesis. The new 

adaptive power control presented in Chapter 4 is slightly modified from the 

algorithm proposed in [P2]. The novel adaptive power control presented in Chapter 

5 corresponds to [P3] and [P4] where the parameter CTR has been defined.

[PI] R. Patachaianand, and K. Sandrasegaran, “Simulation of Call Admission Control in 

WCDMA in Multi-traffics WCDMA Systems”, AusWireless'06, Sydney, 13-16 

March 2006. pp.1-6.
Summary: Basic Call Admission Control algorithms in WCDMA systems are 

simulated with a simple resource reservation technique. The result shows that the 

reserved resource can reduce probabilities that handover calls will be dropped. 

However, it costs higher blocking probabilities and lower resource utilization. The 

result also shows that the simple CAC algorithm blocks data traffic which required 

higher resources than voice traffic. Hence, the simple CAC is not the best choice for 

WCDMA systems.

[P2] R. Patachaianand, and K. Sandrasegaran, “A New Adaptive Power Control 

Algorithm for UMTS”, WITSP '06, Hobart, 11-13 December 2006, pp.1-6. 

Summary: In this paper, the performance of current power control algorithms has 

been investigated, and a new adaptive power control algorithm for UMTS has been 

proposed. The proposed algorithm can mitigate oscillations that occur when the 

channel changes slowly. Moreover, it is capable of tracking rapid changes in fast 

fading channels, where the typical UMTS power control algorithm fails.

[P3] R. Patachaianand, and K. Sandrasegaran, “Consecutive transmit power control ratio 

aided adaptive power control for UMTS”, IET Electronic Letter, 1 March 2007, 

Volume 43, Issue 5, pp. 297-298.
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Summary7: An adaptive power control algorithm is proposed to minimise power 

control errors at mobile speeds from 0 to 80 km/h in a UMTS system. The proposed 

algorithm adjusts its power control step size based on a new parameter called 

consecutive transmit power control ratio. Simulations of the proposed algorithm 

show that it outperforms fixed-step algorithms without any requirements for 

additional knowledge such as Doppler estimations.

[P4] R. Patachaianand, and K. Sandrasegaran, “An Adaptive Step Size Power Control 

with Transmit Power Control Commands Aided Mobility Estimation'’, 

AsianCSN'07, Thailand, 02-04 April 2007, pp.1-6.

Summary: In this paper, a significant relationship between user speeds and TPC 

command sequences has been shown. A new parameter called Consecutive TPC 

Ratio (CTR) which is dependent on user speed has been introduced. A new 

adaptive power control algorithm is also proposed. This new power control 

algorithm uses CTRs to adjust power control stepsize. The simulation results show 

that the proposed algorithm outperforms fixed step power control.

[P5] R. Patachaianand, K. Sandrasegaran, “Performance Comparison of Adaptive Power 

Control in UMTS”, Auswireless'07, Sydney, pp. 1-5, 27-30 August 2007. 

Summary: In this paper, performance of adaptive power control algorithms for 

UMTS in the presence of power control loop delay is studied and analysed. 

Simulation results show that the performance of adaptive algorithms in the presence 

of additional delay is worse than the perfonnance of FSPC Therefore, we 

recommend that it is crucial to consider effects of additional loop delays in an 

adaptive power control algorithm design phase.

[P6] R. Patachaianand, K. Sandrasegaran, “A Study of the Optimum Power Control 

Fixed Stepsize in the Presence of Power Control Loop Delay”, Auswireless’07, 

Sydney, pp. 1-5, 27-30 August 2007.

Summary: The optimum fixed stepsize within a range of user speeds is studied. 

The simulation results show that a large fixed stepsize is optimal for a user moving 

fast when there is no additional loop-delay. In the presence of additional loop-delay, 

a larger fixed stepsize is no longer suitable for a user moving at a high speed.
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Chapter 2 

Backgrounds

2.1 UMTS Architecture

A UMTS system comprises a number of network elements. Each of them is 

responsible for different functions. UMTS network elements can be grouped into 

two broad domains: User Equipment (UE) domain, and infrastructure domain. The 

infrastructure domain can further be categorised into two groups: UMTS Radio 

Access Network (UTRAN), and Core Network (CN) as shown in the following 

figure

Infrastructure domainUE domain

External networks'UTRAN Core network

Figure 2.1 UMTS network

In Figure 2.1, UE communicate with UTRAN via Uu interface, and UTRAN is 

connected to CN via Iu interface. The Internet can be an example of external 

networks.

2.1.1 User Equipment

The UE domain consists of two components: Mobile Equipment (ME) and UMTS 

Subscriber Identity Module (USIM). ME is a physical hardware device (for 

example handset) which is responsible for performing radio transmission functions, 

some radio resource management functions such as inner loop power control, and at 

the same time, providing applications to the end users. USIM contains necessary 

user information such as the identification of user profile, and authentication
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information. It is also performing some essential security functions e.g. data 

encryption.

2.1.2 UMTS Terrestrial Radio Access Network

UMTS Terrestrial Radio Access Network (UTRAN) is an important part of the 

UMTS network infrastructure. It is responsible for delivering UMTS services to the 

users via the air interface. UTRAN composes of two main network elements 

namely: Node B and Radio Network Controller (RNC).

Node B: Node B connects UE to the UMTS infrastructure network. Its main 

functions include the physical layer processes such as signal modulation, channel 

coding, spreading, and interleaving. In addition, it is responsible for performing 

basic RRM functions such as inner-loop power control.

RNC: UTRAN comprises one or more Radio Network Subsystem (RNS) in

which one RNC supervises at least one Node B. The main responsibility of RNC is 

to handle Radio Resource Management (RRM) function for UTRAN. RNC can 

connect to another RNC via Iur interface.

Simplified architecture of UTRAN is illustrated in Figure 2.2.

Core networkUTRAN

Node B

Node B

Node B

Node B

GGSN

GMSC

SGSN

MSC/
VLR

Figure 2.2 UMTS Terrestrial Radio Access Network, Release 99
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Figure 2.2 shows a UMTS infrastructure network comprising UTRAN and Core 

Network. In UTRAN, RNC communicates with Node B via Iub interface. It can 

also exchange information with other RNC via Iur interface. UTRAN is connected 

to the core network via Iu interface. Iu-CS refers to the Iu interface for circuit- 

switched applications and Iu-PS refers to Iu interface for packet-switched 

applications.

2.1.3 Core Network

UMTS Core Network (CN) is based on legacy GSM/GPRS core networks. The 

main network elements in the UMTS CN include: SGSN (Serving GPRS (General 

Packet Radio Service) Support Node), GGSN (Gateway GPRS Support Node), 

MSC/VLR (Mobile Service Switching Centre/Visitor Location Register), HLR 

(Home Location Register), and Gateway MSC (GMSC).

2.2 WCDMA

UMTS air interface (Uu interface) is based on Wideband Code Division Multiple 

Access (WCDMA) technology. All users in a WCDMA system share the same 

bandwidth, which is equal to 5 MHz in UMTS. The spreading sequence is used to 

distinguish between different physical channels. The procedures involved in data 

transmission in WCDMA can be described as following:

1) Each user information bit is multiplied by a particular spreading sequence. 

This process is called “spreading*’.

2) The product of the user information bit and the spreading sequence is 

transmitted over the entire bandwidth.

3) At the receiver, the same spreading sequence as used at the transmitter 

will be used to extract the information bit. This later process is called “de

spreading".
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After spreading, the data rate of the transmitted signal is increased by a factor of 

Rc/Rb where Re is the chip rate (3.84 Mcps in UMTS) and Rb is the data rate 

corresponding to user requirement. This particular factor is called “spreading 

factor”, SF.

Channelisation
codes

3.84 Mcps 3.84 Mcps15 kbps

User bit rate

Spreading

Scrambling
codes

Air interface

Figure 2.3 Spreading at the transmitter of UMTS

Figure 2.3 shows an example of spreading in WCDMA. The user bit rate is 15 kbps. 

The spreading factor is 256. The scrambling code does not increase the bit rate (or 

chip rate) of the signal. It is used to differentiate between different users in the 

uplink and different Node Bs in the downlink.

The WCDMA signal energy before and after spreading/de-spreading is given in 

Figure 2.4.

Narrow band signal

Energy

Transmitter

Spreading

Wideband signal

Energy interference + Energy 
noise 4

Wideband signal

Receiver

De-spreadinj

Narrow band signal

Energy

Figure 2.4 Spreading and de-spreading in WCDMA
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In Figure 2.4, at the transmitter site, the user signal energy is spread over the entire 

bandwidth (5 MHz in UMTS). The wideband signal is then transmitted through the 

radio channel. The received signal is the sum of the transmitted signal, other users' 

transmission signals and the background noise. Subsequently, the received signal is 

de-spread by the corresponding code. After de-spreading, the user signal energy is 

increased by the spreading factor and the undesirable signal is spread over the entire 

bandwidth.

The capacity of WCDMA systems is limited by the level of interference in the 

uplink direction [10].The number of available channels of WCDMA systems (i.e. 

the number of users which the system can support) is limited by the current system 

load. WCDMA load can be described by a factor called “Load factor’, L, [10]. 

Load factor is used to indicate CDMA load in terms of user requirements and 

spreading factor in use. Load factor in the uplink direction can be derived as the 

following:

Assume that the j,h user required a service from WCDMA with the following 

requirements:

Energy per bit to the noise spectral density = (Eb/No)j (no unit)

Data rate = Rj (in bps)

The received SIR of Ith user at the receiver (i.e. Node B in the uplink direction) can 

be written as:

where Pj is the received signal strength of user j, and TV is the thermal noise at the 

receiver.

From Equation 2.1, the Eb/No at the receiver of this particular user is:

2.3 WCDMA Capacity

(2.1)
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(EJN0)J=PGJ-SJRJ

PGj is the processing gain which is determined by:

where

and

W
PG =-------

7 o.’R,j j

Wis the chip rate (3.84 Mcps),

Vj is the activity factor of user j (d7e [0,1]), 

Rj is the data rate of user j (in bps).

If the total interference ltota\ is defined as

1 total
i=1

(2.2)

(2.3)

(2.4)

where N is the number of users in the system, then Equation 2.2 can be rewritten as:

(VV,) =
w Pj

 ̂j Rj I total
(2.5)

From Equation 2.5, Pj can be expressed as

1 + W ■ total (2.6)

(■EJNJj-Rj-Vj

From [10], the load factor of jth user, Lj, is obtained from the following equations.

Pi Rj 'Itotal (2.7)

such that:

1 + W
(2.8)

(Eh INq)j ■ Rj • vj
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The total load factor in the uplink direction, LF, is defined as [10],

IF = X L, (2-9)
7=1

Equation 2.9 can be used to predict the theoretical maximum capacity (also referred 

to as the “pole capacity’') of WCDMA system. The pole capacity corresponds to the 

case when the total load factor, LF in Equation 2.9, equals 1. It should be noted that 

this prediction is valid in a complete interference limited system only.

For example, assume that all users in the system require Eb/No = 7 dB and the data 

rate of 15 kbps, then the maximum numbers of users with the requirements that the 

WCDMA system can support is (assume the worst case iy =1.0 when the users hold 

the channel all the time):

N N
1 = 2>7 = I-

7=1 7=1 1 +

1
3840k 

5-15&-1

N 1 3840 k1 + -------------
5 •15 k • 1

52 users

(2.10)

(2.11)

The result in Equation 2.11 is the pole capacity of this example.

2.4 WCDMA Interference

Interference is one of the key parameters affecting on the WCDMA system 

performance. From Equation 2.2, the product of WCDMA received power and the 

processing gain must be higher than the interference for a particular SIR (e.g. 7 dB 

in Equation 2.10) in order to fulfil the Eb/No requirement. Lower interference 

levels lead to a reduction in transmit power required to maintain the Eb/No target. 

The reduction in required transmission power benefits WCDMA systems in several 

ways. For example, lower required transmission power allows the mobile to move 

further from the base station, given that the maximum transmission power of any 

mobiles in any cellular systems is limited.
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The interference in WCDMA systems can be expressed in terms of LF and the 

background noise as given below.

A*, =7% (2'12>
1 - LF

The ratio between the total interference, Itotai, and the background noise in Equation 

2.12 is also referred to as “Noise rise”, NR [10].

nr = Lml = —!— (2.13)
PN 1 -LF

Figure 2.5 shows the noise rise against load factor.

0.3 0.4 0.5 0.6 0.7
Load factor

Figure 2.5 Noise rise as a function of load factor 

From Figure 2.5, when the load factor closes to 1.0, the noise rise trends to increase 

sharply.

In theory, the interference can be calculated based on Equation 2.12. In practical, 

however, there are a number of factors affecting the interference of WCDMA 

system. One of the influential factors affecting the level of WCDMA interference is
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the power control error (PCE) [1111]. More details of the effect of power control 

error on the WCDMA interference are discussed in Chapter 3.

2.5 Radio Propagation Models

A signal propagated through the radio channel (i.e. the air) is subject to attenuation. 

It is almost impossible to obtain exact knowledge of radio channel attenuations. 

More simplified mathematical methods have to be used to model the attenuation of 

radio propagation attenuation. An attenuation of radio channel is often modelled by 

a parameter called ‘‘path gain", g[otai [12]. The received signal at the receiver is the 

product of the signal at the transmitter and the path gain (plus the thermal noise) as 

shown in Figure 2.6.

Figure 2.6 Radio propagation model

In Figure 2.6, S represents the signal at the output of the transmitter. When the 

signal travels through the radio channel, it is subjected to attenuation by the path 

gain g,o,ai. It is also affected by the thermal noise at the receiver. As a result, the 

receiver receives signal R which is the interfered version of S.

The path gain (gtotal) is modeled as a combination of three independent components: 

Path loss, Shadowing and Multipath fading.

gtotal gp gs grn < 1 (2.14)

2.5.1 Path loss

Path loss is the large-scale fading in which the signal attenuation depends on the 

distance between the transmitter and the receiver. Path loss can be modelled as:
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8P (2.15)

where A/ is a constant which is dependent on the antenna properties, transmission 

wavelength, the environment (rural, suburban, urban), base station high, etc. r is the 

distance between transmitter and receiver, and y is the pathloss exponent with 

typical values ranging from 2 in a free space propagation environment to 5 in a 

dense urban area.

A more specific propagation model was proposed by Okamura in 60s. Hata [1313] 

then improved a path loss model by taking the information in the field strength 

curves produced by Okamura, and formed a set of equations for modelling path 

loss. However, the first proposed model, in 1980, had some limitations such as a 

limited path length and a limited frequency range. Therefore, the models were not 

suitable for modern technologies implementing on much shorter length and higher 

frequency range than those in 80s. Hence, the model was modified and then 

specified as COST-231 [1414]. The COST-231 propagation loss model is expressed 

as (in dB):

Lx=46.3 + 33.9-log(f)-l3.82-log(hb)-a(hm)+(44.9-6.55-log(hb)) 4og(d)+Cm (2.16)

Where,

Lx

f

h
hm

d

a(hm) 

and Cm

is a propagation loss in environment of type x, in dB.

is the frequency of the transmission in MHz.

is the height of antenna at the base station in meters (30-200m).

is the height of the mobile or receiver in meters (l-10m).

is the distance between the receiver and the transmitter in

kilometres (l-20km).

is the mobile antenna correction factor.

is the correction factor which has a different value for each

environment
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2.5.2 Shadowing

Shadowing is medium scale fading in which the signal attenuations are caused by 

signal reflection, diffraction, and shielding phenomenon from obstructions such as 

building, trees, and rocks. This results in relatively slow variations in the mean 

signal power over a distance of a few tens of wavelengths. The shadowing can be 

modelled as a “log-normal'’ distribution random variables with a zero mean (in dB) 

and a specified standard deviation (in dB).

gs = I0&w (2.17)

where % is a Gaussian random variable with the standard deviation of typically 3 to 

10 dB, also called “log-normal parameter'’.

A simple shadowing model considering a special correlation in time domain was 

proposed by Gudmundson in [15]. The autocorrelation function for shadow fading 

component was experimentally found to be a decreasing function of distant. The 

special correlation between two samples, p(t), with a separation of At is expressed 

as [15]:

v(Q-A?

P(t) = e d° (2.18)

where v(t) is the velocity at time /, and do is the shadow fading correlation distance. 

Therefore, the log-normal parameter of correlated shadowing can be recursively 

defined by:

£,(t +1) = P(t)■£, (0+<r ■ A - p2(0 -W(t) (2.19)

where cr is the standard deviation, and W(t) is a Gaussian random variable with zero 

mean and unit variance, and %(0)=o*W(0).
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2.5.3 Multipath Fading

In typical cellular systems, the transmitter and receiver are surrounded by many 

objects such as buildings and trees. The obstacles reflect and scatter the transmitted 

signal, resulting in several paths arriving at the receiver with different attenuations 

and delays.

Figure 2.7 Multipath propagation

Figure 2.7 shows reflected paths between a stationary radio transmitter (Node B) 

and a moving receiver (UE). The signal reaches the receiver over multiple paths. 

Each path arrives at the receiver with different attenuations, phases and delays. This 

results in fluctuations in the received signal, frequently fading.

Consider Figure 2.7, if there are N-paths over the channel, the received signal, h(t), 

is sum of all paths, given by [16]:

HO = £0 • Z' exP(./(2 • n • fd ■ t-cosan + </>„)) (2.20)
n=1
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Where Eq represents a scale constant, C„ denotes a random amplitude, j is V-7, is 

angle of incoming wave. (f)n is an initial phase associated with nth propagation path, 

and fd is the Doppler frequency.

If Cn in Equation 2.19 is assumed as a real value, then Equation 2.19 can be 

rewritten as:

h(t) = hr(t) + j-hi(t) (2.21)

where hr(t) is the real component of h(t), h,(t) is the imaginary component of h(t), 

and

K(f) = Eo • C„ cos(2-7T ■ fd ■t-cosa„ +(f)n) (2.22)
n=\

and

h, (/) = E0 • ^ Cn sin(2 • n • fd • t ■ cos an + (f)n) (2.23)
f?=l

The central limit theorem justifies that hr(t) and hj(t) can be approximated by 

Gaussian random processes for sufficiently large N. Thus, the envelope of g(t) will 

has a Rayleigh distribution.

The envelops of the fading gain (gm(t) = \h(t)\ ) is depicted in Figure 2.8.

a deep fade
deep fader <— a

Time [s]

Figure 2.8 Multipath fading envelop
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In Figure 2.8. the signal transmitted through a multipath fading channel experience 

varying fading. The fading change very quickly. Sometimes, the channel gain is 

positive, and in the next 0.05 second, it becomes less than - 20 dB (e.g. at t = 0.22 - 

0.24 in Figure 2.8). This extremely low fading gain is referred to as a “deep fade".

Channel gain in a multipath fading channel change very rapidly. The changing rate 

of the fading depends on the maximum Doppler frequency, fd. The maximum 

Doppler frequency is directly proportional to the user speed as stated in the 

following equation:

where

and

v
/,=-•/,c

fc is the carrier frequency (1,9GHz in this thesis), 

v is user speed in m/s 

c is the light speed (3 x 108 m/s).

The effect of fd on the fading gain is shown below:

(2.23)
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f, = 5.277 Hz

Time [s]

f, = 52.77 Hz

0 0.1 0.2 0.3 0.4 0.5 0.6
Time [s]

Figure 2.9 Channel gains in multipath fading channels with different//

In Figure 2.9, fd = 5.277 Hz corresponds to the user speed of 3 km/h, and fd — 52.77 

Hz corresponds to the user speed of 30 km/h.

Figure 2.9 shows that the channel fading experienced by a faster moving user has 

more fluctuations than that experienced by a user moving at a slow speed e.g. 3 

km/h. Ia fast moving user also experiences more deep fades compared to slow 

users. For example, from t = 0.3 to 0.4 s, a user moving at 3 km/h experiences only- 

one deep fade (the one lower than -20 dB), while the user moving at 30 km/h 

experiences four deep fades. More fluctuations in the fading indicate that the fading 

rate is higher.

2.6 Radio Resource Management

Radio Resource Management (RRM) is a group of mechanisms responsible for 

efficiently utilising the radio resources to provide services with a certain level of
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QoS within the planned coverage area. RRM comprises Power Control (PC), 

Handover Control (HC), Packet Scheduling (PS), Congestion Control (CC), and 

Admission Control (AC).

RRM mechanisms can be classified in to three types according to the time scales to 

be activated [17]. Table 2.1 summarises those three types and their functions.

RRM
mechanism

Typical time scale of 
the time between 
algorithm activation

Main function

Inner-loop 
Power control

1 slot (667 pis) Control transmitted 
power level in the 1.5 
kHz basis

Packet
scheduling

1 frame (10 ms) Control instantaneous 
bit rate especially for 
data traffic

Admission
control

Tenths to thousands of 
frames

Decide whether a new 
call will be accepted or 
rejected

Handover Tenths to thousands of 
frames

Support the mobility of 
users

Congestion
control

Tenths to thousands of 
frames

Overcome congestion 
by modifying some 
network parameters

Outer-loop 
Power control

Tenths to thousands of 
frames

Set SIR target

Open-loop
Pow er control

Not specify Set the initial 
transmission power

Table 2.1 Time scale of the different RRM mechanisms and their functions

(Adapted from [17])

In the next sections, each RRM mechanism is explained in more details.

2.6.1 Admission Control

Admission control (AC) is responsible for deciding whether a new call request can 

be admitted or rejected. Once a user makes a connection establishment request, the 

RNC is responsible for performing admission control function. It has to predict the
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amount of resources required for the new connection establishment taking into 

account the requirements of that particular connection. The requirements are, for 

example, data rate and Eb/No target. The RNC makes a decision based on the 

available resources and other criteria such as the effect of the admission of this 

connection on other ongoing connections. If the admission of a new connection 

establishment can satisfy a set of specified criteria, then this connection will be 

accepted to be established, otherwise it must be rejected.

A simplified block diagram of AC in UMTS is shown in Figure 2.10

Call Request
-Target SIR 
-QoS
- Bit Rate
- Traffic Type

Admit or Reject the Request

Node-B

Inform Information to RNC

Send the Decision

Perform Admission 
Control Algorithm

RNC

Figure 2.10 UMTS admission control model

In Figure 2.10, UE requests a new connection establishment to its respective Node- 

B. The Node-B then informs important information to the corresponding RNC. The 

information is, for example, the QoS requirements of the call request, and the 

current loads of the Node-B. Subsequently, the RNC makes a decision for 

admission of this call request. Finally, after the RNC makes the decision to admit or 

reject this call request, it sends the admission decision back to the Node-B.

2.6.2 Congestion Control or Load Control

Congestion control, also known as load control, is responsible for preventing the 

system from reaching an overload situation. If an overload occurs, LC is 

responsible for reducing the load and bringing the network back into a stable state 

[18]. A simple example of an overload situation is when all UEs in a coverage of a 

Node-B move into the edges of the cell at the same time. Consequently, the total

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

26



power at the Node B increases due to the high transmission power required by UEs 

to fulfill their SIR targets. The congestion control has to reduce the overload.

The total load at the Node B in Figure 2.11 (a) increases due to the movements of 

UEs to the edge of the cell resulting in higher transmission power required of Node 

B. In this situation, UTRAN has to perform some actions to reduce the transmission 

power. In Figure 2.11 (b), the RNC decides to perform three actions. The first 

action is that RNC hands a call over a neighbour cell having a lower load than the 

congesting cell. The RNC also restricts admission of a new call request. Most calls 

may be blocked when the total load almost reaches a particular threshold. Another 

action to reduce the total load when the congestion occurs is to decrease the 

transmission powers. The power reduction leads to a decrease of maximum data 

rate of the connection, therefore the power resulting in the degradation of QoS of 

some ongoing calls. However, in some situations, the QoS degradations are 

unavoidable.

2.6.3 Handover Control

Handover (HO) is an essential function to deal with the mobility of mobile users. 

The main purpose of handover is to ensure the mobility of users with a guaranteed 

quality of connection.

(a) (b)

Figure 2.11 (a) Overload situation (b) Load control actions
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2.6.3.1 Reasons of Handover

Handover can be triggered for many reasons. Three specific reasons triggering HO 

are explained below [18]:

User Mobility Reason: A HO is triggered when a user moves from a converge area 

of one cell to another. In case of high mobility UE, the UE may be handed over 

from micro cells to macro cells in order to reduce the amount of HO and vice versa.

Signal Quality Reason: This type of HO is performed when the signal quality of a 

connection falls below a certain value defined in the RNC in order to maintain the 

quality of the connection.

Traffic Reason: If load in a cell reach its maximum capacity, then HO may be 

triggered. For example, a user nearing the edge of a cell having very high load may 

be handed over into a neighbour cell having a lighter load.

2.6.3.2 Handover Types

Cauwenberge [19], classifies HO in UMTS into three categories: hard HO, inter

system HO and soft HO.

Hard-Handover: is a typical HO which is the same as the HO in GSM. This 

procedure will be executed when UE moves across two networks which are 

operated in different carrier frequencies. Hard HO is also applied to handover 

between cells in the same frequency when the Iur interface is not available.

Inter-System HO: especially with GSM network is vital in the initial stage of 

UMTS network deployment. In this stage, it is not likely that the converge area of 

WCDMA network can cover wider than the coverage of existing GSM networks.

Soft and Softer HO: enable UMTS users to connect with a number of Node- 

Bs/sectors within the same Node B at the same time.
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2.6.4 Power Control

UMTS network is based on WCDMA, whose capacity depends significantly on 

interference. Although PC is applied in downlink and uplink direction, its purpose 

in each direction is different. The main purpose of PC in uplink direction is to 

mitigate the near-far problem. It is responsible for ensuring that the received SIR 

from every UE at the Node B is equal, otherwise the system cannot provide the 

same QoS for all UEs. Moreover, the near-far problem can decrease the system 

capacity dramatically. Hence, power control in the uplink direction is essential.

The main goal of downlink power control is different from uplink power control. A 

synchronised transmission is possible in the downlink so that the near-far problem 

does not occur. The downlink power control is to minimise the interference to other 

cells and improve SIR level. In this thesis, only uplink power control will be 

considered.

Power control in UTRAN can be categorized into three types: open-loop PC, inner- 

loop PC and outer-loop PC.

All types of power control methods in UMTS are illustrated in the following figure.

Node-B

Figure 2.12 Power control in UMTS
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Figure 2.12 shows three types of power control in UMTS, namely open-loop, outer- 

loop, and inner-loop power control. More explanations of each power control are 

given below:

2.6.4.1 Open-loop PC

This power control strategy is used when a UE initially accesses the network and a 

dedicated channel is not yet allocated to the UE. This strategy measures the channel 

conditions in the opposite direction to compute the UE transmission power. For 

instance, a UE measures the received power in the downlink pilot channel (e.g. 

CPICH [17]) to set its transmission power. Once the UE knows the received power 

of the pilot channel, PR ilot and the total interference plus noise, Im, (broadcasted by

the network), it can adjust the transmission power PT, according to the following 

Equation:

r,=Llm- S/R„m = ■ /,„ • Si*. (2.24)
■* /?,pilot

where PT,pilot is the known transmitted power of the pilot channel

SlRmm is the minimum required SIR for creating a connection.

L is the loss in the radio link

The action involved in the open-loop power control can be depicted as the figure 
below
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Broadcast power of common pilot channel, PT,pilot 
——^andjjpdate the interface pulse noiseJia__----

Measure the power of CPICH 
and compute uplink PT

SIRmi,

Node -B

Figure 2.13 Open-loop power control

In Figure 2.13, UE initiates the transmission power by using the received CPICH 

signal strength, and the information broadcasted by UTRAN.

In UMTS, open-loop power control is used to initiate the transmission on the 

RACH and CPCH [10]. However, such a strategy is not very accurate as it may 

cause interference into system especially in a system where the channel condition 

changes rapidly.

2.6.4.2 Outer-loop PC

Outer-loop power control estimates the received quality and adjusts the SIR target 

for the inner-loop power control. Outer-loop power control is associated with inner- 

loop power control in both uplink and downlink. It dynamically adjusts the SIR 

target for the inner-loop based on a particular parameter, such as the frame-error- 

rate (FER) [20]. The SIR target of each link must be variable because the quality of 

the radio link connection can vary in the time domain. The main goal of the outer- 

loop power control is to make sure that the SIR target is just enough for maintaining 

the quality of each communication link.
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Figure 2.14 Outer-loop power control and inner-loop power control in the uplink

From Figure 2.14, RNC dynamically adjusts the SIR target for the inner-loop power 

control, residing in Node-B, based on the measured FER.

2.6.4.3 Inner-loop PC

Inner-loop power control is also known as fast closed-loop power control. Its task is 

to dynamically adjust the transmission power on a frequency of 1500 Hz. It is 

designed to combat the effects of rapid changes in a radio fading channel such as 

the rapid fluctuation due to multipath fading.
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Node-B

Figure 2.15 Uplink inner-loop power control

Figure 2.15 shows the inner-loop power control in the uplink direction. Node-B is 

responsible for measuring the received signal. If the received SIR is lower than a 

desired target set by outer-loop power control, a transmit power control (TPC) 

command to increase the UE transmission power will be issued, and vice versa. In 

the uplink direction, UE transmits the signal based on the received TPC commands.

More details about inner-loop power control in UMTS will be given in Chapter 3.

2.6.5 Packet Scheduling

The traffic in UMTS are no longer dominated by constant bit rates. It is capable of 

supporting many types of services with different data rate requirements. This means 

the UMTS system have to support multiple types of traffic. They may require 

different values of delay, BER, and data rate. As a result, in order to satisfy the 

mentioned requirements with an efficient utilization of the radio resources in the air 

interface, the packet scheduling (PS) is introduced. PS is responsible for selecting 

the most appropriate channels, the most efficient pattern, and the most suitable 

transport format (TF) to transmit the packet traffic [10] [18].
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2.7 Uplink Frame Structure in UMTS

There are two channels involved in an uplink transmission, the Dedicated Physical 

Control Channel (DPCCH) and Dedicated Physical Data Channel (DPDCH). An 

uplink transmission consists of one DPCCH and at least one DPDCH channels as 

shown in Figure 2.16.

DPCCH
Q-phase

DPDCH
l-phase

1 UMTS frame = 10 ms

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

DATA

2560 chips (0.667 ms)

Figure 2.16 UMTS uplink frame structure [adapted from [16]]

I-phase and Q-phase in Figure 2.14 represent In-phase and Quadrature-phase of the 

uplink multiplexing. DPDCH is multiplexed into I-phase while DPCCH is 

multiplexed into Q-phase. DPDCH contains user information bits and DPCCH 

contains signalling information such as pilot bits, Transport Format Combination 

Indicator (TFCI) bits which define the format of the DPDCH channel, Transmit 

Power Control (TPC) bits which are used for inner-loop power control, and 

Feedback Information (FBI) bits which are used for closed-loop transmission 

diversity in the downlink [16].

From Figure 2.16, it can be seen that one UMTS-frame of DPCCH is divided into 

15 slots. Each slot contains one TPC bit. This TPC bit is used for inner-loop power 

control which is the main focus of this thesis. Hereafter, the word "‘power control” 

will refer to as inner-loop power control, unless otherwise specified.
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2.8 Summary

In this chapter, background knowledge of UMTS network architecture, WCDMA 

technology and wireless propagation channels has been discussed. Five main radio 

resource management functions including inner-loop power control for UMTS have 

briefly been explained. A detailed UMTS frame structure containing a TPC 

command has also been given.
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Chapter 3
Power Control in UMTS

3.1 Introduction

WCDMA technology is used as the air interface for UMTS networks. In WCDMA, 

all terminals (also called User Equipment or UE) simultaneously transmit on the 

same frequency band and hence share the same radio resource. Power control (PC) 

is one of the essential radio resource management functions of WCDMA systems. 

The maximum capacity of the WCDMA systems relies significantly on interference 

levels caused by multiple users transmitting on the same channel and at the same 

time. The received signal powers at a base station (also called “Node B” in UMTS) 

is considered to be the system interference. A user close to a base station 

transmitting excessive power may cause enormous interference at the receiver if its 

transmission power is not properly controlled. As a result, users located far away 

from the Node B are blocked, and hence the entire system capacity is decreased. 

This phenomenon is called the “near-far” effect. The capacity of WCDMA systems 

can be maximised by an efficient power control algorithm as the algorithm can 

eliminate the near-far effect.

In addition to the task of mitigating the near-far effect, power control is responsible 

for compensating fading due to variations of radio channel such as multipath fading 

and shadowing effects. Multipath fading causes rapid changes in radio channels 

whereas shadowing affects radio propagation on much smaller time scales. 

Therefore, most power control algorithms are designed to cope with the rapid 

changes of multipath fading.

Inner-loop power control is used to mitigate the near-far effect and at the same time 

ensuring that the UE transmission power can be efficiently adjusted to compensate 

for multipath fading. In UMTS, inner-loop power control feedback is sent by means
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of Transmit Power Control (TPC) commands. A TPC command contains one 

power control bit [5]. TPC commands are sent at a frequency of 1500 Hz. The 

transmitter obeys the TPC command by increasing or decreasing the transmit power 

by a fixed stepsize, typically 1 dB. This conventional algorithm is also referred to as 

fixed stepsize power control (FSPC). The fading rate of multipath channel during a 

deep fade is faster than the tracking ability of the conventional power control. The 

conventional power control fails to sufficiently compensate deep fades because the 

power control stepsize is fixed. This problem becomes more serious when the 

fading changes more rapidly due to user movement. This limitation leads to a 

research challenge to design a new fast power control algorithm that is capable of 

tracking the rapid change of multipath fading by utilizing existing TPC commands.

In this chapter, the UMTS inner-loop power control is reviewed in Section 3.2. 

Thereafter, the characteristic of the received signal after power control is discussed 

in Section 3.3. Section 3.4 defines the power control error, PCE, and its effects on 

the UMTS system. Finally, Section 3.5 provides some problems associated with 

UMTS power control.

3.2 UMTS Inner-Loop Power Control

In the uplink direction (UE to Node B), UE transmission power is controlled by its 

corresponding Node B and RNC. The Node B sends Transmit Power Control (TPC) 

commands on a feedback channel in the downlink direction every 0.667 millisecond 

(1500 Hz). The UE uses this TPC command to modify its transmitting signal power.

The transmit power, P„ at time (t+1)1 is based on the following equation:

Pl(t + \) = Pl(t) + 5,(t)-TPCl(t) (3.1)

where

Time index t used in this thesis is in the unit of power control cycle.
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P,(t) is the transmission power of user /' at time /,

8,(t) is a power control step size of user i at time t,

and TPCj(t) is a function of received SIR and SIR target determined by

TPCfi) = sign (SIR target. rSLR,(()) (3.2)

where

SIR,(t) is the received SIR at the receiver for user i at time t, 

and SIR,arget i is the SIR target set by the corresponding RNC

sign is the sign function:

sign(x) =
,x >0 
,x < 0

(3.3)

When the received SIR is less than SIR target, TPC,(t)=1, and TPC bit = I implying 

that the transmit power has to be increased. When the received SIR is greater than 

the SIR target TPC,(t)= -1 and TPC bit = 0, implying that the transmit power has to 

be decreased.

The UMTS power control is modelled in Figure 3.1.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

38



_*t* UNIVERSITY QF
TECHNOLOGY SYDNEY

Base station
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Tx Power 
Adjustement

Received SIR 
Calculation

Mobile Station

Figure 3.1 Power control in UMTS

Figure 3.1 shows a model of uplink inner-loop power control in UMTS. G(t) is the 

fading gain, I(t) is the interference at the receiver, Td is the power control loop 

delay and 5 is a fixed power control stepsize.

In conventional power control, the stepsize S,(t) in Equation 3.1 is fixed. The 

optimal stepsize depends on the UE speed [21] [22]. It has been found in [22] that 

power control stepsize of 1 dB with a TPC command update rate of 1500 Hz as 

specified in the UMTS specification can efficiently compensate the channel 

variation due to a typical Rayleigh fading up to a Doppler frequency of 

approximately 55 Hz which is equivalent to a UE speed of 30 km/h. Beyond this 

speed, a PC step size of 2 dB provides better performance [22]. As the UE speed 

exceeds 80 km/h, larger PC step size causes errors in the system. At this high UE 

mobility stage, a small PC step size below 1 dB is more beneficial than a larger one. 

A smaller PC step size is more suitable for a low speed UE, i.e. slower than 3 km/h.
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3.3 Characteristics of Received Signal with FSPC

The fading rate is related to the maximum Doppler frequency which is directly 

proportional to user speed as discussed in Chapter 2. The fading rate increases if the 

maximum Doppler frequency (or user speed) increases. The increase of user speed 

results in poor performance of the conventional fixed stepsize power control 

algorithm currently being used in UMTS as the algorithm is not sufficiently fast to 

track rapid changes in the channel fading. As a result, the SIR target at the receiver 

cannot be maintained and interference may be increased. These issues are illustrated 

in the following figure.

UE speed = 3 km/h 
UE speed = 10 km/h

deepest fade

T
P

(a)

UE speed = 3 km/h 
UE speed = 10 km/h

T
P

(b)
Figure 3.2 (a) Fading gains of two UE speeds (b) Transmission power of two UE
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Figure 3.2 (a) shows the fading gains versus power control cycles (Tp) of two UEs 

moving with different speeds. UE1 is moving at a slow speed at 3 km/h and UE2 is 

moving at a higher speed at 10 km/h. The different speeds result in different fading 

changes. The solid-line which represents the fading gain experienced by UE1 

changes relatively slower than the dotted-line which is the fading gain experienced 

by UE2. The fading gain substantially drops at Tp around 185 for UE2 and this 

represents a '‘deep fade". Figure 3.2 (b) represents the fading gains experience by 

UT1 and UE2 versus power control cycles.

Figure 3.2 (a) and (b), show that UMTS power control is capable of tracking fading 

variation in a multipath fading channel. The transmission power of both UEs are 

increased or decreased according to the fading gain. For a UE moving at a low 

speed, such as UE1 in Figure 3.2, the UMTS power control can efficiently track 

fading. Figure 3.3 illustrates this issue.
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Figure 3.3 Fading gain and inverse normalised transmission power of UE at 3 km/h

Figure 3.3 shows the inverse of normalised transmission power of UE1 

superimposed on the corresponding fading gain. The inverse normalised 

transmission power is the inverse (minus in the logarithm domain) of the UE1 

transmission power normalised by the path loss (i.e. the path loss can be assumed as 

0 dB).
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Figure 3.3 shows that UMTS power control can efficiently track fading with the 

maximum Doppler frequency of 5.2 Hz (corresponds to the UE speed of 3 km/h at 

the carrier frequency of 1.9 GHz). It can be expected that the received SIR is well 

around the target. Figure 3.4 supports this expectation.

iKKKXt aAA/V

UE speed = 3 km/h

Figure 3.4 Normalised received SIR of UE moving at 3 km/h

Figure 3.4 shows the power control performance of FSPC with ldB fixed stepsize. 

The dotted line represents the normalised received SIR at 1 dB and -1 dB.

The UMTS power control can maintain the received SIR around ±1 dB for UE 

moving at a slow speed such as 3 km/h. The fluctuations of the received SIR are 

unavoidable in UMTS power control. The transmission power must be increased if 

the received SIR is lower than the target. UE cannot keep the power at the same 

level from one power control cycle to another.

Next, the tracking ability of the UMTS power control for fast moving UE at 10 

km/h will be demonstrated.

2 According to Algorithm I explained in [22]
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UE speed = 10 km/h „■

Y: 0.2731

Normalised transmission power 
• Fading gain

Figure 3.5 Tracking ability of UE moving at 10 km/h

Two UEs moving at 10 km/h are simulated in Figure 3.5.The solid-line represents 

the inverse of transmission power normalised by path loss while the dotted-line 

represents the fading.

From Figure 3.5, it can be seen that UMTS power control fails to track a deep fade 

occurring at Tp around 180-200. This misadjustment will result in degradation of the 

received SIR during the first part of the deep fade (Tp = 179 to 189) and excessive 

interference to other users at the later part (7^=189-208).

At the beginning of a deep fade (Tp = 179 to 189), the channel gain drops at a rate 

greater than 1 dB per power control cycle. It is impossible for conventional power 

control with 1 dB fixed stepsize to track such a fading rate. Hence, the fading is 

under-compensated during this period.

Additionally, when the channel recovers from the point of deepest fade (at Tp= 185 

in Figure 3.5), the channel recovers with a rapid rate greater than 1 dB. The 

conventional 1 dB fixed stepsize is not sufficiently fast to decrease the transmission 

power and it overcompensates the fading (Tp = 189 to 208 in Figure 3.5). From the 

simulation, the gradient of the fading experienced by UE2 is shown in Figure 3.6:
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Figure 3.6 Gradient of UE2 fading

Figure 3.6 represents the gradient of the fading experienced by UE2 (moving at 10 

km/h). This figure was created by calculating the derivative of the fading channel in 
dB/Tp.

From Figure 3.6, the gradient of the fading experienced by UE2 starts exceeding -1 

dB at Tp = 179 which corresponds to the point where power control fails to track 

the fading signal as depicted in Figure 3.5. During the time period Tp = 179 to 185, 

it is impossible for power control with a fixed ldB stepsize to efficiently track 

fading. As a result, the received SIR cannot be maintained at around the SIR target. 

The UE2's received SIR normalised by the SIR target is shown in Figure 3.7.
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Figure 3.7 Normalised received SIR of UE2 moving at 10 km/h

The received SIR of UE2 moving at 10 km/h dramatically falls from -1.5 dB at Tp = 

179 to -8.9 dB at Tp = 186 as a result of the deep fade. The SIR stays below the 

target from Tp = 179 to Tp - 188 as mentioned earlier. The excessive interference 

corresponds to the period when the fading is overcompensated (Tp = 189 to 207). 

The overcompensation leads to excessive interference to other user as shown in 

Figure 3.8:

-107.8
UE1 (speed = 3 km/h) 
UE2 (speed = 10 km/h)-107.85

-107.9

-107.95

-108.05

-108.1

-108.15
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Figure 3.8 Interference seen by UE1 and UE2
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Figure 3.8 shows the interference experienced by UE1 and UE2. The interference at 

UE1 is the interference caused by UE2 and vice versa (only two UEs are simulated 

in this simulation).

From Figure 3.8, it can be seen that there is a time period in which the interference 

seen by UE1 increases dramatically. This excessive interference is caused by the 

overshoot in UE2 received SIR as discussed earlier.

In summary, this section shows that conventional 1 dB fixed stepsize power control 

fails to track rapid deep fades when UE is moving faster than 10 km/h. The fixed 

stepsize algorithm under-compensates the fading at the beginning of a deep fade 

leading to a degradation of received SIR. Furthermore, it creates an overshoot after 

the deep fade recovers from the deepest point and results in excessive interference 

to other users.

3.4 Power Control Error and Its Effects on System Performance

One of the key performance measures for power control is the power control 
error, PCE. In this thesis, the power control error is defined as the root mean 

square of the difference between the received SIR (SIR(t)) at the receiver and the

where Npc is the number of power control cycles.

One of factors affecting on PCE is the fading rate. The fading rate is related to the 

maximum Doppler frequency which is directly proportional to user speed [23]. A 

user moving at a high speed has a high Doppler frequency. Consequently, this 

particular user will experience high fluctuations in multipath fading and hence 

power control experiences more difficulties to track such high fluctuations. As a 

result, PCE increases. PCE as a function of user speed is shown below:

target•

(3.4)
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Figure 3.9 PCE as a function of user speed

The main goal of power control is to minimise PCE. Ideally, if PCE was zero, the 

received SIR and the SIRtarget would be the same and the ideal performance could be 

achieved. However, in practical UMTS networks with fixed stepsize power control, 

PCE is always greater than zero. Additionally, PCE can be higher than zero for 

several reasons such as higher user mobility, and interference from other users. As a 

result, the system performance is much lower than that of the idea case where 

perfect power control is assumed. The effects on PCE on WCDMA networks are 

explained below:

3.4.1 Effect of Power Control Error on BER Performance

One of the most important performance measures for radio link transmissions is the 

bit error rate (BER). The ideal power control can turn the multipath fading channel 

to an Additive White Gaussian Noise (AWGN) channel [21] [24]. The lower bound 

of BER in a radio channel is given by the BER performance in an AWGN channel. 

A close-form of BER in the AWGN channel as a function of Eb/No is given as [16]:
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BERAWGN (3.5)

where erfc(x) is the complementary error function of x. Ei/N0 is the energy per bit to 

noise spectrum density ratio.

The upper bound of BER in a radio channel is obtained when the channel fading is 

assumed as multipath flat-fading (e.g. no power control) [16].

BERFlat-fading
]_
1

( _____ \
EJN o

ki + eJnoj

where x is the average value of x.

(3.6)

In this section, a single user WCDMA system is simulated to examine the BER 

perfonnance. The channel is modeled as a flat Rayleigh fading channel. The result 

is shown below:
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Figure 3.10 BER performance of a single user in a single cell WCDMA
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Figure 3.10 shows the BER performance as a function of Eb/No for different PCE. 

The PCE of 0.74 dB. 1.57 dB, 3.55 dB, 4.59 dB, and 5.13 dB correspond to user 

speeds of 3 km/h, 10 km/h. 30 km/h. 50 km/h, and 80 km/h, respectively.

Figure 3.10 shows that, at low PCE, the BER performance is very close to the BER 

in AWGN channel. As the PCE increases, the BER converts from the lower bound 

and becomes closer to the upper bound which is the BER performance in a flat 

fading channel. The results in Figure 3.10 agree well with the results given in [25].

The BER performance of a user, whose SIR target is set at 7 dB Eb/No, as a 

function of PCE is given below.

E./NJ = 7 dB

m 10'

PCE [dB]

Figure 3.11 BER performance as a function of PCE

From Figure 3.11, it can be seen that the BER increases as PCE increases. This 

leads to a conclusion that if the power control can perform efficiently, the BER in 

WCDMA systems can be minimised.
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3.4.2 Effect of Power Control Error on the Interference Level

The aim of power control is to keep the received signal level from all users at a 

minimum level so as to minimise the total interference at the receiver. Imperfect 

power control leads to an increase in the total interference in the system [11]. If the 

transmit power of all users in a UMTS network is perfectly controlled, the total 

interference, ltotau can be computed using the following equation:

/total
11

1 -LF
(3-7)

where q is the thermal noise, and LF is the total load factor which is defined as

[10].

where

LF = ( !+/)-£

1 + w
i>r{Eh/N0)rri

(3.8)

and

n is the total number of user

f is the other cell to own cell interference ratio

W is the system chip rate (3.84 Mcps in UMTS)

r, is the required data rate of ith user

(Eb/No), is the Eb/No target of ilh user

is the voice activity of ith user

The total interference at the receiver as a function of loaf factor is illustrated in 

Figure 3.12:
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Figure 3.12 Total interference when users are pedestrian compared with the theory

Figure 3.12 depicts the total interference in the system with homogenous services. 

The Eb/No target is 7 dB. Data rate is 15 kbps. Voice activity factor is 1. The solid 

lines represent results obtained from simulation and dotted-lines represent results 

calculated from Equation 3.7. Users are uniformly distributed with the uniform 

speed of 1 to 3 km/h.

Figure 3.12 shows that the total interference from simulations is similar to that 

calculated using Equation 3.10. At speeds less than 3 km/h, channel gain varies 

slowly and therefore conventional power control is capable of efficiently tracking 

variations of channel conditions. If other cell to own cell interference ratio (the / 

factor) is taken into account, the total interference will be relatively high as shown 

in Figure 3.12 when/= 0.5. In this thesis, a single cell CDMA system, where/= 0, 

will be simulated for simplification. The results can be extended to multiple cells 

case by appropriately choosing/

Conventional power control can bring the system interference close to the idea (i.e. 

Equation 3.7) when user mobility is low. However, when the users move quickly, 

the conventional fixed stepsize power control is no longer capable of perfectly 

compensating for the channel fading variations. As a result, the total interference 

increases.
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Imperfect power control leads to an increase of total interference as shown in Figure 

3.13:

Analytical (f=0) 
Simulation (f=0)

-104 -

0.3 0.4 0.5 0.6 0.7
Load factor

Figure 3.13. The total interference and the theoretical interference

In Figure 3.13, the solid-line represents the total interference when users are 

uniformly distributed with the uniform speed of 1 to 30 km/h. The dotted-line is the 

interference computed based on Equation 3.11.

In Figure 3.13, it can be seen that, the total interference of a WCDMA system with 

a practical power control algorithm such as ldB FSPC is higher than the 

interference computed using Equation 3.11. The increase in the total interference is 

due to the fact that the practical power control algorithm in use is not capable of 

keeping the received signal power at a constant.

3.4.3 Effect of Power Control Error on the System Capacity

There are a number of papers which have studied the effects of power control error 

on the system capacity. In [26], for example, the effect of power control error on the 

outage probability was studied. The outage probability was defined as the
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probability that the received SIR fails to achieve the required SIR. The outage 

probability, P0, can be expressed as [26]:

P„ = J JPrN < SIR,arga\ fir ,9)rdrdd 

and

Pr[.'?/fl<57«,ors„] = t + i.e,/ SIR/ arg et m SIR

V2<CJ SIR

(3.9)

(3.10)

where f(r,6) represents the probability density function (pdf) of the location of a 

desired mobile. The double integral denotes one hexagonal cell coverage area, msm 

is the mean SIR in dB, and o is the standard deviation of received SIR. The SIR of a 

desired mobile is modeled as a lognormal variable as:

SIR = Pc-10 
I.

(3.11)

where

Pc is the received power strength,

Ij is the total interference at base station /^ 

and ytk is the power control error for the k,h mobile in the i'h cell.

The results in [26] showed that a ldB-increase of power control error reduces the 

capacity of the system by a factor of 0.61 at P0 = 0.01. Similar results can be found 

in [27][28].

3.4.4 Effect of Power Control Error on SIR target setting

With a reasonable number of users, the SIR at the receiver can be statistically 

modelled as a log-normal distribution in the linear scale [9][24][29]. Therefore, in 

the logarithm scale, the received SIR can be modelled as a Gaussian distribution 

whose mean equals to the SIR target in dB. Thus, PCE in Equation 3.4 can be
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alternatively referred to as the standard deviation (SD) of the received SIR. The 

optimisation criterion is therefore to minimise PCE or SD of the received SIR [9].

PDF with PC1
PDF with PC2

Outage
region

0.005

2 2.6
SIR [dB]

Figure 3.14 PDF of received SIR of two power control algorithm, PCI and PC2

Figure 3.14 shows the models of received SIR with two types of hypothetical power 

control algorithms, namely, PCI and PC2. PCI is assumed to provide better 

performance than PC2. The hypothetical received SIR of system employing PCI is 

modelled using a normal distribution with 6.7 dB mean and standard deviation of 1 

dB while the hypothetical received SIR of system employing PC2 is modelled using 

a normal distribution with 7 dB mean and 1.5 dB standard deviation. The SIR 

threshold which is the lowest acceptable SIR is assumed as 2.6 dB. The dotted- 

region in the left hand side represents the outage region where the probability that 

the received SIR is below this region must be less than a particular value (assume 

0.005% in this hypothetical simulation).

From Figure 3.14, PCI is more efficient than PC2 because it can provide less SD in 

received SIR. This means the SIR,raget of the system using PCI can be lower than

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

54



TECHNOLOGY SYDNEY V__________________
.4* UNIVERSITY OF

the SIR target of the system using PC2 to achieve the same link quality. The lower the 

SIR,arget for a user the higher the capacity available to other users.

In [30], it has been shown that the E\JN0 target to achieve BER = 0.001 increases as 

the maximum Doppler frequency, fj, increases especially when fj is lower than 40 

Hz which corresponds to the user speed of 50 km/h. Sipilia et al. stated that at this 

such low-speed range, interleaving cannot perform efficiently, and the performance 

of WCDMA radio links depends of the performance of fast power control. This 

statement leads to a hypothesis that an efficient power control may result in a 

requirement of lower E\JN0 target to achieve a certain BER as well.

3.5 Limitations in of Power Control in UMTS

There are a number of limitations which impact substantially on the performance of 

power control algorithms such as limited feedback bandwidth, and local loop 

delays. If such factors are ignored in the power control algorithm design phase, a 

new algorithm may not work well in practice. The limitations of power control in 

UMTS are reviewed in the following subsections:

3.5.1 Limited Signalling Bandwidth

Radio bandwidth is a critical resource in any mobile communication systems. More 

frequent feedback for power control lead to more accurate power updates. More 

number of bits per one TPC commands may enable more flexible of power control 

stepsize. For example, if one TPC command contained two control bits, then there 

could be four levels of stepsizes. However, these are not efficient solutions since 

they result in more signalling to be transmitted over the network . The optimal 

solution has to be a compromise between power control update accuracies and the 

possible levels of the stepsizes. Notwithstanding, the power control procedures in 

3GPP are already specified based on 1500 Hz update rate with one bit TPC 

command. Hence, all power control proposed for UMTS have to conform to this 

specification.

' It has been proved in [31] that more update rate is more beneficial than more bits per one TPC command.
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3.5.2 Limited Stepsize

UMTS is operated at a 2 GHz radio carrier frequency which is relatively high 

compared with IS-95 systems. Higher carrier frequency means if a UMTS user 

moves at the same speed as another user in IS-95, the UMTS user will have a higher 

maximum Doppler frequency, fd, than the user in IS-95. The maximum Doppler 

frequency reflects the fading rate: the higher the maximum Doppler frequency the 

more frequently the fading changes. When fading changes more frequently, deep 

fades occur more often. As mentioned earlier, the conventional power control 

algorithm with fixed stepsize of 1 dB fails to track the rapid changes of deep fades 

thereby increasing power control errors when fading changes frequently. Although 

a larger step size can track the channels more efficiently than a smaller one [32], 

when fading does not change, the fixed step size causes oscillations in received SIR 

[33].

The multipath fading effects cause fluctuations of received signals. Amplitudes of 

multipath fading channels regardless of shadowing and path loss effects can be 

greater than one in some instantaneous points of time. This means the multipath 

channels may benefit the received signal level. Nevertheless, in the next 10 

milliseconds, the channel gains may degrade to extremely close to zero e.g. 0.0001. 

This is a huge change. Let consider an example when the power gain4 is equal to 1 

in an arbitrary point of time and then becomes 0.0001 in the next 10 milliseconds. 

The deference in decibel is 10-log(0.0001)-10-log(l) = -40 dB over 10 milliseconds. 

The gradient of this change is -4 dB per second. Figure 1 depicts amplitudes of 

multipath fading and the gradients:

4 A received power gain is equal to a square of received signal amplitude.
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Figure 3.15 Power gains and the gradients

The top and bottom figure in Figure 3.15 shows received signal power gains 

experienced by a users moving at 5 km/h and the gradients of the received power 

gains, respectively.

From Figure 3.15, it can clearly be seen that a user moving slowly at 5 km/h 

encounters more than ten deep fades per one second, hence more than twenty times 

of rapid changes of the power gains. In addition, a couple of deep fades in Figure 

3.15 changes with the rates of greater than 4 dB/msec. Conversional ldB fixed step 

size power control is not sufficiently fast to compensate the change rates though this 

stepsize is suitable for slow moving users [22][32],

3.5.3 Granular Noise

The conventional power control with ldB fixed stepsize causes oscillations in 

received SIR level when the user is moving slowly. The problem in this situation is 

that a fixed stepsize power control may overcompensate the fading when SIR goes 

below or above the SIRtarget. If the SIR goes above the target, then a TPC down 

command will be issued. The transmitter (UE in the uplink) has to obey the
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command by decreasing the transmit power. Fading will be overcompensated due to 

the fact that ldB stepsize is too large for this fading change. Consequently, a TPC 

down command will be issued, and the same procedures will be repeated. Such 

situation is illustrated as the signal levels of the 1 dB fixed stepsize power control in 

Figure 4.4 from Tp = 720 to 740. The repeated up and down TPC commands lead to 

an undesirable phenomenal called “granular noise”\

3

2

1

8 0

-1

-2

-3
720 725 730 735 740 745 750 755 760

T
P

Figure 3.16 Granular noise

Figure 3.16 shows the granular noise caused by fixed stepsize power control. The 

dotted-line represents the transmission power, the dashed-line represents the fading 

gain, and the solid-line represents the normalised received SIR. The user is moving 

at a speed of 5 km/h. The maximum Doppler frequency of this speed corresponds to 

8.73 Hz which is much lower than the power control update rate at 1500 Hz. 

Therefore the fading rate is relatively slow compared with the power control update 

frequency. 5

1dB FSPC

5 This term can also be found in [33],
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In Figure 3.16, the channel gain changes very slowly and the power control rate is 

fast enough to track the fading change. However, the transmission power keeps 

changing as the transmission power must be either increased or decreased from a 

power control slot to another. Therefore, TPC powers up and down commands are 

consecutively issued. As a result, the granular noise occurs.

3.5.4 Power Control Loop Delay

This is one of the most critical factors of which affect all power control algorithms. 

As seen in Equation 3.1, the power control algorithm contains a delay of one power 

control cycle. If power control commands are further delayed, the transmit power 

will be adjusted by outdated TPC commands.

There are at least two factors contributing to power control loop-delays: SIR 

estimation period, and propagation delay. An SIR estimator at the receiver (Node B 

in the uplink) takes time to estimate the received SIR to issue a TPC command. If 

the estimator is not sufficiently fast, the SIR estimation may take more than one 

power control cycle and hence an additional loop-delay is introduced. Assuming 

that SIR estimation can be performed on time within one power control cycle, the 

TPC command may not be sent in the next immediate power control cycle. The 

second factor contributing to power control loop-delays is propagation delay. A 

mobile located far away from a base station may experience such a delay. However, 

this kind of delay is often negligible in terrestrial networks.

3.5.5 SIR Estimation Error

The power control in UMTS is SIR-based power control. The performance of SIR- 

based power control relies on the accuracy of SIR estimation at the receiver. In 

every power control cycle, a TPC command will be issued based on an estimation 

of received SIR. This means the SIR estimator has less than 0.667 ms to complete 

its work in each power control cycle. Therefore, a fast SIR estimation is required in 

UMTS. The fast estimation may introduce some estimation errors and the errors 

will affect the performance of UMTS power control.
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3.5.6 Errors in TPC Commands

In UMTS, TPC commands must be issued very quickly in order to make sure that it 

will not add anymore loop-delays. Advanced coding techniques are not applied for 

TPC command bit because the coding takes time. Only one redundancy bit is 

allowed according to the UMTS specification [5]. As a result, the TPC commands 

may be received in erroneous.

3.6 Effect of Fixed Stepsize on the Power Control Performance

The power control stepsize affects on the performance of WCDMA systems. In [21] 

[22] and [34]. it has been found that the optimal fixed stepsize is a function of the 

maximum Doppler frequency i.e. user speed. For low-speed users, the fading 

channel varies slowly as the maximum Doppler frequency of there users is low. In 

such the low speed, power controlling using a large stepsize introduces the granular 

noise to the system. On the other hand, for vehicular users moving at high speeds 

e.g. 50 km/h, such a small fixed stepsize as ldB is not sufficient for tracking the 

fading changes [32].

PCE as a function of fixed power control stepsizes and user speeds is shown as 

following.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

60



*r* UMVERSflYDF
TECHNOLOGY SYDNEY

CQ■Q
2
a3

|
c
o
o

0$
o

Q.

Optimal patfi

80

Figure 3.17 PCE versus stepsizes and user speeds

Figure 3.17 shows the power control error performance of fixed stepsize power 

control algorithms with different values of the fixed stepsize over a wide range of 

speed from 0 to 80 km/h. The line on which has black-dots represents to the optimal 

stepsize which provides the lowest PCE for the corresponding user speed.

Figure 3.17 shows that there is an optimal fixed stepsize for each user speed within 

the user speed range from 0 to 80 km/h. The optimal fixed stepsize is an increasing 

function of user speeds. This means the power control with a small fixed stepsize is 

desirable for pedestrians while a bigger one is suitable for higher-speed users.

3.7 Summary

In this chapter, the standardised inner-loop power control for UMTS has been 

discussed in detail. The characteristics of received signal after power control have 

been illustrated and explained. The definition of power control error (PCE) and its
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effects on the performance of UMTS are given. At the end of this chapter, 

limitations of the standardised inner-loop power control and effects of changing 

power control stepsize have been discussed.
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Chapter 4:
Adaptive Power Control in UMTS

4.1 Introduction

In the literature, there are many strategies to improve power control performance 

such as increasing power control frequency [31], sending more bits for power 

control command [25][35], and using advanced techniques to precisely adjust 

power control stepsize [36], However, 3GPP has specified that the power control 

frequency has to be fixed at 1500 Hz and only one information bit of power control 

command can be sent per power control cycle (0.667 millisecond). Hence, solutions 

to improve power control performance based on adjusting the power control 

stepsize are most likely to be used in commercial networks.

The conventional fixed stepsize power control has at least three key problems 

associated with its performance in multipath fading channels.

1. It is not sufficiently fast to track deep fades especially for high-speed users 

e.g. at speeds above 50 km/h.

2. It causes granular noise when the fading changes slowly.

3. It causes overshoot when the channel recovers from a deep fade.

In this chapter, a new adaptive power control is proposed based on UMTS 3GPP 

specification. The new algorithm takes advantage of fast power control command 

by using the most recent TPC command to make a decision to increase or decrease 

transmission power. At the same time, it utilises historical information of TPC 

commands to adjust its stepsize. The proposed adaptive power control technique is 

capable of solving the above mentioned problems of fixed step size power control.
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In this chapter, a number of existing adaptive power control algorithms for 

WCDMA especially for UMTS are comprehensively reviewed in Section 4.2. The 

proposed adaptive power control is introduced in Section 4.3. Section 4.4 provides a 

detailed performance analysis of the proposed algorithm under different scenarios. 

Performance of adaptive power control algorithms proposed in the literature and the 

algorithm proposed in this thesis are compared by means of computer simulation in 

Section 4.5. Section 4.6 summarises this Chapter.

4.2 Review of Adaptive Power Control Algorithms

A general power control equation expressing the transmit power P(t+1) at the time 

index t+1 is as follows:

P(t + \) = mm{P(l) + 5(0-TPC(t),PraJ [dB] (4.1)

where

P(t) is the transmission power at time t,

8(t) is the step size,

TPC(t) is the transmit power control command, 

and Pmax is the maximum transmission power at the transmitter.

There are a large number of adaptive power control algorithms proposed in the 

literature. Some of them utilise advanced technologies such as prediction of the 

channel state by using a Least Mean Square filter and using this information to 

perform power adjustment in advance [37]. Although the advanced algorithm could 

achieve a distinguishable reduction in Block Error Rate (BLER) [37], it requires a 

much more computational complexity at the transmitter than that required by the 

conventional power control algorithm. It must be noted that the transmitter in the 

uplink direction is UE which should be low-cost, and therefore cannot be very 

complex. Moreover, the computation must be performed sufficiently fast to ensure 

that it will not create any additional loop delay. Consequently, the central 

processing unit of UE must be very powerful to perform the advanced algorithm.
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Hence, the technology requirement of these advanced algorithms may be infeasible 

to be commercially implemented in the near future.

Several research work focus on the development of simple and efficient adaptive 

power control algorithms [38]-[45]. These algorithms do not add high 

computational complexity to neither receiver nor transmitter. Such algorithms seem 

to be more feasible to be included as a function of UE and/or Node B in the near 

future than that relies on advance digital signal processing algorithms. The 

algorithm proposed in this thesis is very simple and requires tiny additional 

complexity to the UE, i.e., a shift register to store one more TPC command, a 

multiplier and an adder to adjust the step size. A more efficient transmitter amplifier 

than a typical one is also required.

In the following subsections, six adaptive power control algorithms with the similar 

degrees of complexity as the proposed algorithm are reviewed.

4.2.1 Lee’s Adaptive Step Size Power Control (LAPC)

Lee et al. [38], proposed an adaptive power control for IS-95 systems. The 

algorithm adjusts its stepsize by formulating a variable g(t) whose value is 

determined using logical values in shift registers Ro(t) to R^(t) which store five past 

power control commands. The step size is determined by

where So is a fixed step size, and Aft) is a system parameter.

This algorithm is somewhat complex since it requires six additional shift registers 

to store five past power control commands.

Sft)=80+gft)-A (4.2)
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4.2.2 Kim’s Adaptive Step Size Power Control (KAPC)

Kim et al. [39] presented an adaptive power control algorithm for a narrowband 

CDMA system. Similar work had been presented by Park et al. [40] for IS-95 

systems. The algorithm in [39] adapts its stepsize asymmetrically based on power 

control command history. The stepsize is given by:

\8{t -1) • K, if cmd(t) = cmd(t -1)
^ otherwise

and

8(t) e[ 8min, 8max] (4.4)

where

K is a positive real constant with a range of 1 < K 

L is a positive real constant with a range of L < 2 

8mm and 8max are the minimum and maximum values of step size 

and and is a power control command equivalent to TPC command in UMTS.

The optimal values of K and L depend on the mean fade duration which is inversely 

proportional to the maximum Doppler frequency.

4.2.3 3-bit Adaptive Step Size Power Control (3BAPC)

Ye et al. [41] proposed an adaptive power control algorithm for a general CDMA 

system. The algorithm utilises three most recent power control command bits to 

dynamically adjust its step size according to the equations given below:

8(t)~ a ■ AP (4.5)

AP{t +1) =
AP{t) + AS 
AP(t) - AS
AP3 bit

w hen cmd(t) = cmd(t -1) = 1 
when cmd(t) = cmd(t -1) = -1 
w hen cmd(t) ^ cmd(t -1)

(4.6)
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and

[ AP0, when cmd(t) * cmd(t - 2) 
[P ■ APo, when cmd(t) = cmd(t - 2)

where

and

a is a constant

AP is the adaptive power control step size 

AS is a fixed step size used to adjust variable step size AP 

AP0 is the fixed original step size 

P is a constant less than one.

A/>3bit is a median variable determined by all 3 cdms

In [41], a was set to 1 and p was set to 0.5.

This algorithm relies on the last three TPC command bits to adjust the stepsize. If 

two consecutive power control commands have the same sign, then the step size is 

increased. If two adjacent power control commands have different signs, then the 

power control command stored in cmd(t-2) would be used to determine whether to 

increase or decrease the step size as expressed in Equation 4.6 and 4.7.

4.2.4 Blind Adaptive Closed-Loop Power Control (BA-CLPC)

Nourizadeh et.al. [42] introduced a blind adaptive closed-loop power control (BA- 

CLPC) in which the stepsizes are adjusted to cope with the user mobility. The 

algorithm adapts its stepsize based on the logic shown in following flow chart:
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Figure 4.1 Blind Adaptive Closed-Loop Power Control flow chart [42]

From the above flow chart, it can be seen that BA-CLPC algorithm increases the 

stepsize by 0.25 if two TPC commands with the same sign are consecutively 

detected. If alternative TPC commands are detected, then the stepsize will be reset 

to ldB However, the ldB stepsize may not be sufficiently fast to change the 

transmission power when the slope of the fading changes from negative-going to 

positive-going after the deepest point of a deep fade. As a result, the fading is 

overcompensated for a period of time immediately after the deep fade.

4.2.5 Speed Adapted Closed-Loop Power Control (SA-CLPC)

Nourizadeh et al. [42] presented an adaptive power control algorithm in which the 

stepsize was adjusted based on user speed estimation. The idea was based on the 

hypothesis that there is an optimum stepsize for each of the user speed. This 

algorithm requires an accurate speed estimator to be installed at the UE. The

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

68



4* UNIVERSITY OF
&& TECHNOLOGY SYDNEY

estimated speed was then used to select the optimal step size corresponding to the 

UE speed based on a lookup table given below:

UE speed (km/h) 5 10 20 30 40 50 70 100
d'optimal 1.0 1.5 2.0 2.5 2.5 3 3 0.25

Table 4.1 The optimal step size for each user speed

Although the performance of SA-CLPC relies significantly on the speed estimator, 

Taaghol [43] showed that it was not critical to know the exact speed. It could work 

as long as the user speed could be correctly categorised into a speed range. For 

example, user speed range of 7.1 to 13 km/h would be put into the speed category 

of 10 km/h, and be assigned 1.5 dB stepsize. Taaghol [43] also showed that the 

performance of SA-CLPC with imperfect speed estimation preformed very similar 

to that obtained by perfect speed estimation.

4.2.6 Mobility Based Adaptive Closed-Loop PC (M-ACLPC)

Lee at al. [44][45] proposed an adaptive closed-power control whose step size was a 

combination of historical information of three power control commands and speed 

estimation. The stepsize is determined by:

5{t) = 50-f{R0,Ri,R1) (4.8)

and

Ro R1 Ro / (Ro ■ Ru R2)
0 0 0 1.5
1 0 0 1
1 1 0 0.66
0 1 0 0.66
1 1 1 1.5
0 1 1 1
1 0 1 0.66
0 0 1 0.66

Table 4.2 Step size adaptation factor of M-ACLPC [45]
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where 50 is a variable which is selected based on a rough speed estimation. For 

example, users with speeds of below 10 km/h will be assigned 80 equal to 1 dB, and 

speeds of 10-30 km/h will be assigned 80 equal to 2 dB, otherwise 3 dB will be 

assigned to speeds above 30km/h.

With this algorithm, the requirement of accurate speed estimation is more relaxed 

than that required by SA-CLPC because the user speed range is divided into three 

broad categories.

4.3 Proposed Adaptive Power Control Algorithm

The adaptive power control algorithm proposed in this section is designed to be 

capable of tracking deep fades, and at the same time, eliminating granular noise 

caused by a large fixed stepsize when the fading is smooth. The new algorithm has 

been designed to increase stepsize when the fading varies relatively fast. When the 

fading changes gradually, stepsize will be decreased to make sure that the power 

control will not overcompensate for the fading. Given that the power control 

frequency is fixed, power control with a fixed stepsize is not able to achieve these 

two requirements at the same time. This is because small fixed stepsize cannot 

efficiently compensate for a deep fade although granular noise may be mitigated by 

a small fixed stepsize. On the other hand, large fixed stepsize introduces 

unacceptable overcompensations when the fading change is gradual, though it may 

be capable of compensating for a deep fade.

The proposed adaptive power control (PAPC) algorithm adjusts its stepsize based 

on the following equation:

8(t+ l) = a(t)’(8(t) +(4.9)

and,
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PiO =
[Pit-1) + 1
[Pit-1)-1

MhenTPC(t) = TPCit-X) 
when TPCft) ^ TPC{t -1)

(4.10)

Where aft) is a factor controlling adaptive rate of the adaptive stepsize, and 

8(t) e[8mi„,8max]. A number of simulations were performed to find the optimal aft), 

8mm, and 8max. In this work, the optimal aft) is fixed as a constant at 0.1 (this 

parameter can be a variable which may be adjusted based on a particular algorithm). 

The optimal values of 8min and <5waxare equal to 0.2 dB and 3.2 dB respectively.

Figure 4.2 depicts the block diagram of the proposed power control algorithm.

Tx Power 
Adjustement

Radio Channel

TPC Errors

Received SIR 
Calculation

Base station
SIRtarget

Mobile Station

Figure 4.2 Proposed adaptive power control algorithm

Figure 4.2 shows the proposed adaptive power control algorithm. z~m represents m- 

delays. n and q is the total delay in the uplink and downlink channel, respectively. 

G(t) is the channel gain and I(t) is the interference at the receiver. TPC error is the
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disturbance in TPC commands. The rest variables are from Equation 4.1, 4.9, and 
4.10.

It can be seen that the power control stepsize in Equation 4.9 will increase when the 

a consecutive TPC sequence with the same sign (e.g. 1, 1, 1, 1, ...) is detected and 

decrease when a consecutive TPC sequence with different signs (e.g. 1,0, 1,0,...) 

is detected. The new algorithm relies on TPC command information which exists in 

3GPP specifications. It does not require any additional information such as speed 

estimation.

4.4 Performance of Proposed Adaptive Power Control (PAPC)

The performance of proposed adaptive power control algorithm (PAPC) and the 

ldB fixed stepsize algorithm was simulated and shown in Figure 4.3. The proposed 

algorithm shows a distinguishable performance improvement in terms of power 

control error over the conventional ldB fixed stepsize algorithm.

PAPC
1dBPC

Speed [km/h]

Figure 4.3 Performance of PAPC compared with ldB FSPC
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Figure 4.3 compares the performance of PAPC and ldB FSPC in terms of power 

control error over the speed range of 0 to 80 km/h. It can be seen that PAPC 

outperforms the conventional fixed stepsize for the entire range of speeds which 

were simulated. A performance improvement of 0.5 dB in terms of power control 

error is obtained for slow speeds (0 to 20 km/h) and nearly ldB performance 

improvement is obtained for speeds higher than 20 km/h.

Next, we will compare the tracking performance of PAPC with ldB FSPC in 

different scenarios. The first scenario to be considered is when the user speed is 5 

km/h at which the optimal fixed stepsize is ldB [42][43].

PAPC

Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

PCE = 0.62 dB

T
P

(a)
1dB FSPC

Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

PCE = 0.91 dB

Figure 4.4 Tracking performance of PAPC and ldB FSPC at 5 km/h
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Figure 4.4 shows the characteristic of fading gains in dB, normalised received SIR 

in dB, and transmitted power in dBm when PAPC is used (Figure 4.4 (a)) and when 

ldB FSPC is used (Figure 4.4 (b)). The power control error (PCE) caused by the 

corresponding algorithm are also given.

The results in Figure 4.4 show that the proposed algorithm is capable of tracking 

fading changes as well as minimising the granular noise. In the low mobility 

scenario i.e. 5 km/h, most closed-loop power control techniques are sufficiently fast 

to track fading changes. The problem in this situation is that fixed stepsize power 

control with a large stepsize may overcompensate for the fading when SIR goes 

below or above the SIRtarget. If the SIR goes above the target, then a TPC down 

command will be issued. The transmitter (UE in the uplink) has to obey the 

command by decreasing the power. The fading will be overcompensated because 

the ldB stepsize is too large for this fading change. Consequently, a TPC down 

command will be issued and the same overcompensation will be repeated. This 

situation is illustrated as a square tooth waveform for the transmitted power in 

Figure 4.4 from Tp = 720 to 740. The repeated up and down TPC commands leads 

to an undesirable phenomenal called “granular noise

The proposed adaptive power control algorithm prevents the undesirable granular 

noise by reducing the power control stepsize. The simulation result shows that 

approximately 30% of power control error can be reduced.
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Figure 4.5 Adaptive power control stepsize at UE speed of 5 km/h

The adaptive stepsize of PAPC is depicted in Figure 4.5 (b). Figure 4.5 (a) is the 

same as Figure 4.4 (a) and is given as a reference for Figure 4.5 (b). The triangular 

waveform shows the variation of stepsize and the dashed line indicates the TPC 

command. In general, the stepsize increases when a series of TPC power up 

commands is issued.

Figure 4.5 (a) shows the ability of PAPC to adapt power control stepsize due to the 

fading change. For example, during the time interval Tp = 760 to 820, the channel 

quality drops quickly and the adaptive technique attempts to increase the stepsize,

— - - Tx power [dBm]

Normalised received SIR [dB] 

- --------- - Fadina aain fdBl

720 740 760 780 800 820 840

T
P

(a)
Power control stepsize
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5(t). The fast fading change can be tracked smoothly without distinguishable large 

granular noise as in the case of ldB FSPC shown in Figure 4.4 (b).

Accurate power control is very important for low mobility users since channel 

coding and interleaving cannot be performed well [24][29]. The coding techniques 

fail to improve the radio link performance because the fading gains in a slowly 

fading channel are highly correlated. Therefore, the proposed power control 

algorithm presents some promising capability to improve the radio link 

performance for pedestrian users when channel coding and interleaving are 

inefficient.

Let us consider the case when the user speed is 10 km/h. The proposed algorithm 

performs very well to compensate channel fading as shown below.
PAPC

Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

PCE = 1.20 dB

1dB FSPC

Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

PCE = 1.55 dB

T
Figure 4.6 Tracking performance of the proposed algorithm at 10 km/h
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PAPC is capable of quickly tracking deep fading while at the same time minimising 

the granular noise as depicted in Figure 4.6 (a). For example, in Figure 4.5, at Tp = 

680 when a deep fade begins, it can be seen that the transmission power starts 

increasing sharply. At Tp = 730, when the fading is smooth, granular noise is 

mitigated. It could be noted that the algorithm may create some oscillations 

immediately after the deep fade (Tp = 710). This is because the algorithm is 

designed to use a large stepsize to ensure that the algorithm will be sufficiently fast 

to lower the transmission power when the channel recovers from a deep fade.

The PAPC stepsize changes with the fading channel as depicted in the figure below:

PAPC

Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

T
P(a)

l!:!i |!

Ml I

P
(b)

Figure 4.7 Adaptive stepsize at lOkm/h
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Figure 4.7 (a) illustrates that there is a deep fade at Tp = 705. The deep fade begins 

at Tp = 680 and finishes at Tp = 730. From Figure 4.7 (b), we can see that the power 

control stepsize is adjusted corresponding to the deep fades. The adaptive stepsize 

starts increasing at Tp = 680 which corresponds to the beginning of the deep fade 

and it starts decreasing after the lowest point of the deep fade at Tp = 705. The 

adaptive stepsize reaches the minimum value at Tp = 745 where the fading is very 

smooth (see Figure 4.7 (b)). As a result, granular noise is mitigated.

When the user mobility becomes higher (e.g. more than 20 km/h), ldB fixed 

stepsize seems to perform inefficiently to cope with frequent deep fades, whereas 

PAPC is still capable of accurately tracking fast fading. This situation is shown in 

Figure 4.8:
PAPC

Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

PCE = 2.21 dB

T

1dB FSPC

- Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

PCE = 2.73 dB

Figure 4.8 Tracking performance of PAPC and 1DB FSPC at 20 km/h
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PAPC 

1dB FSPC

\ \ ;

Figure 4.9 Received SIR comparison of PAPC and ldB FSPC at 20 km/h

Figure 4.10 The dynamic stepsize adjustment of PAPC at 20 km/h

In Figure 4.8, the fading variation is very rapid. The fading substantially changes 

from 8.5 dB at Tp = 705 to to - 13.5dB at Tp = 725, resulting in 22 dB difference in 

the channel gain. FSPC is not sufficiently fast to track this fade.

At the beginning of the deep fade, FSPC increases the transmission power from -5 

dBm at Tp = 712 to nearly 7 dBm at Tp = 725. This results in only 12 dB in 

transmission power change. Therefore, the received SIR drop of 10 dB is observed 

in Figure 4.10 (b). On the other hand, PAPC can increase the transmission power 

from -5 dBm at Tp = 712 to nearly 12 dBm at Tp = 725. This results in 17 dB in 

transmission power change. As a result, the received SIR drop can be reduced to 5 

dB as shown in Figure 4.8 (a) at Tp = 725.
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From the result in Figure 4.8, it can be concluded that PAPC enables more dynamic 

range of power control; and therefore it is more capable of tracking rapid fading 

than ldB FSPC.

In addition to the ability to track a deep fade, the new algorithm can quickly reduce 

the transmission power when the channel recovers from a deep fade. It must be 

noted that power control with a small fixed stepsize will cause an overshoot after a 

deep fade because it is not sufficiently fast to reduce the transmission power after 

the lowest point of a deep fade. PAPC is designed to keep a large stepsize for a 

period after a deep fade, so that, the transmission power can be decreased 

sufficiently fast to make sure that a large overshoot is minimised. This situation can 

be observed in Figure 4.9.

In Figure 4.9, it can be seen that the received SIR obtained by PAPC at Tp around 

730 is much lower than that obtained by ldB FSPC. This is because of the ability to 

minimise a large overshoot in the received SIR as discussed earlier.

The last speed to be considered in detail is at 40 km/h where FSPC fails to track the 

rapid fading and introduces relatively large power control error.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

80



.*h UNIVEHSOY OF 
&& TECHNOLOGY SYDNEY

Proposed adaptive power control

(a)
1dB fixed power control

PCE = 4.15 dB

Tx power [dBm]

Normalised received SIR [dB] 

Fading gain [dB]

Figure 4.11 Tracking performance of PAPC at 40 km/h
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Figure 4.13 The dynamic stepsize adjustment of PAPC at 40 km/h

From Figure 4.11, during the time interval Tp = 240 to 260, it can be seen that the 

ldB conventional fixed step size power control completely fails to track the 

relatively long deep fade resulting in a huge degradation of the received SIR 

(approximately 12 dB below the target). On the other hand, the proposed algorithm 

showed a promising capability to efficiently track the deep fade during this period. 

PAPC keeps the SIR at ±4 dB around the target. More detailed result is depicted in 

Figure 4.12. In this figure, ldB FSPC seems to produce several overshoots in 

addition to the large SIR drop during a significant deep fade.

Figure 4.13 illustrates the adjustment of the adaptive stepsize of PAPC along with 

the TPC commands. The stepsize was bigger than 1 dB for the entire snapshot. This 

is because the fading rate in the considered period is quite rapid (see Figure 4.11). 

Small fixed stepsize is not sufficiently fast to cope with such a rapid rate. Hence, 

approximately 1 dB of performance gains in terms of PCE can be achieved by the 

proposed algorithm when compared with the ldB FSPC.

4.5 Performance Comparison

In this section, four adaptive power control algorithms reviewed in Section 4.2 are 

simulated and compared with the proposed algorithm in terms of power control 

error. The algorithms in consideration are:
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1. Kim's Adaptive Stepsize Power Control (KAPC), Section 4.2.2

2. Blind Adaptive Closed-Loop Power Control (BA-CLPC), Section 4.2.4

3. Speed Adapted Closed-Loop Power Control (SA-CLPC), Section 4.2.5

4. Mobility Based Adaptive Closed-Loop Power Control (M-ACLPC), Section

4.2.6

KAPC and BA-CLPC have the same information available at the UE as the 

proposed algorithm (PAPC). These three algorithms adjust the power control 

stepsize based on historical information of transmit power control (TPC) commands 

which is always available to UE and Node B. They utilise historical information of 

TPC commands to adapt the power control stepsize. SA-CLPC requires accurate 

speed estimation with the accuracy degree of ±3 km/h [43]. In this section, perfect 

speed estimator will be assumed at UE for SA-CLPC. M-ACLPC also needs to 

know the estimation of the user speed. A lower performance speed estimator, which 

can distinguish three ranges of speed: 0-10 km/h, 10-30 km/h, and 30-80 km/h, will 

be assumed to be available at UE implementing M-ACLPC technique.

The performance comparison is divided into two situations: unknown speed 

scenario and known speed scenario. Adaptive power control algorithms which will 

be considered in the unknown speed scenario comprise: PAPC, KAPC, BA-CLPC, 

and ldB LSPC. All of them have the same information; that is information about 

user speeds is not available to them. In the known speed scenario, the adaptive 

power control algorithms which will be compared with PAPC are M-ACLPC, and 

SA-CLPC. Partial knowledge of user speeds is available to UE with M-ACLPC 

whereas prefect speed estimation is assumed at UE with SA-CLPC.

4.5.1 Performance Comparison: Unknown Speed

The performances of three adaptive power control algorithm and ldB conventional 

fixed stepsize power control is compared in a slow-speed environment. The result is 

displayed in the following figure:
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KAPC 
1dB FSPC
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Figure 4.14 Performance comparison in slow-speed environment, unknown speed

Figure 4.14 displays the power control error performance of four power control 

algorithms: Proposed Adaptive Power Control (PAPC), Blind-Adaptive Closed- 

Loop Power Control (BA-CLPC) [42], Kim's Adaptive Power Control (KAPC) 

[39], and ldB Fixed Stepsize Power Control (ldB FSPC), in a low speed range of 0 

to 30 km/h.

A conclusion which can be made from Figure 4.15 is that, on average, the 

performance of all of the adaptive power control algorithms is more efficient than 

that of the conventional ldB fixed stepsize. KAPC seems to be the most efficient 

adaptive algorithm which can provide the lowest power control error for the user 

speed of up to 30 km/h. However, for pedestrian users at very low speed of 0 - 1 

km/h, KAPC causes extremely high power control error. PAPC can achieve slightly 

lower performance than KAPC, but the proposed algorithm does not create any 

substantially high power control error for slow moving pedestrian. The performance 

of the system using BA-CLPC is better than that using ldB fixed stepsize if the
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speed is faster than 4 km/h. However, the BA-CLPC algorithm is less efficient than 

KAPC and its performance is worse than the performance achieved by PAPC for 

the entire range of low-speed, 0- 30 km/h, considered in this subsection.

The performance of four power control algorithms in a wide range of speeds from 0 

to 80 km/h is given below:

PAPC 
BA-CLPC 
KAPC 
1dB FSPC

Speed [km/h]

Figure 4.15 Performance comparison for entire range of speeds, unknown speed

Figure 4.15 shows the power control error performance of four power control 

algorithms in a wide range of speed from 0 to 80 km/h.

The best performance in terms of power control error is achieved by PAPC in the 

high-speed environment i.e. 30 to 80 km/h. PAPC provides ldB less power control 

error than that provided by ldB FSPC at the speeds of 40 - 60 km/h. The 

performance of KAPC is worse than PAPC when the user speed is higher than 30 

km/h. Among the three adaptive power control algorithms, BA-CLPC is the worst 

for the entire range of speeds. At 80 km/h, which is the fastest speed to be
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considered in this section, the performance of BA-CLPC as well as KAPC becomes 

less efficient than ldB FSPC. At the same speed, the PAPC algorithm achieves the 

lowest power control error which is approximately 0.7 dB less than the power 

control error achieved by other three power control algorithms.

4.5.2 Performance Comparison: Known Speed

In this subsection, the performance of the proposed adaptive power control 

algorithm will be compared with the performance of M-ACLPC and SA-CLPC.

PAPC
M-ACLPC
SA-CLPC

Speed [km/h]

Figure 4.16 Performance comparison in slow-speed environment, known speed

Figure 4.16 compares the power control error performance of three adaptive power 

control algorithms: Proposed Adaptive Power Control (PAPC), Mobility based 

Adaptive Closed-Loop Power Control (M-ACLPC) and Speed Adapted Closed- 

Loop Power Control (SA-CLPC) at a low-speed range of 0-30 km/h. It is assumed 

that M-ACLPC knows the category of user speed (0-10 km/h. 11-30 km/h and > 30 

km/h). It then uses the information of speed category to compute power control
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stepsize based on the procedures described in Section 4.2.5. Perfect speed 

estimation is assumed for SA-CLPC. Therefore, SA-CLPC can assign the optimal 

fixed stepsize corresponding to user speed.

PAPC outperforms the other two adaptive algorithms at speeds of up to 15 km/h. It 

can be noted from this result that there is no fixed stepsize capable of achieving the 

same performance as the proposed PAPC at this range of speeds. Beyond 15 km/h, 

SA-CLPC outperforms the proposed algorithm. However, the optimal stepsize 

selection is not always achievable because the selection relies significantly on the 

performance of speed estimator. In summary, PAPC outperforms SA-CLPC when 

the speed is slower than 15 km/h, and SA-CLPC outperforms PAPC when the speed 

is between 15 and 30 km/h with the expense of computational complexity for speed 

estimation. M-ACLPC performs worst in this comparison.

The performance of PAPC, M-ACLPC, and SA-CLPC in the speed range of 0 to 80 

km/h is shown below.

—*— PAPC 
- □ - M-ACLPC 
-• 0 -.SA-CLPC

Speed [km/h]

Figure 4.17 Performance comparison for entire range of speeds, known speed
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Figure 4.17 compares the power control error performance of the three adaptive 

power control algorithms in a wide range of speed from 0 to 80 km/h.

From Figure 4.17, at speeds of above 30 km/h, the power control error caused by 

PAPC is slightly greater than SA-CLPC while the power control error caused by M- 

ACLPC increases rapidly.

The result from Figure 4.17 together with the result from Figure 4.16 indicate that 

there is an optimal fixed stepsize which can provide significantly less power control 

error than that provided by the adaptive stepsize power control algorithms when the 

user speed goes beyond 30 km/h. The proposed adaptive algorithm is the only one 

which can achieve similar performance to that obtained by SA-CLPC which knows 

the optimal fixed stepsize for every user speed.

The optimal fixed stepsize for a given user speed can be selected by SA-CLPC 

algorithm with the expense of additional computational complexity at the receiver 

to estimate the user speeds. The novel algorithm introduced in this thesis shows 

similar performance as SA-CLPC in both low and high speed scenarios without the 

need of speed estimation. The following will clarify how the proposed algorithm 

could achieve the notable performance with no additional complexity required at 

the transmitter (UE in the uplink direction).

It has been shown in [42] and [43] that there is an optimal fixed stepsize that can 

provide the lowest powder control error for each user speed. The value of the optimal 

fixed stepsize increase when a user speed increases. The following figure 

demonstrates that the proposed algorithm can dynamically adjust the stepsize in a 

similar way as the adjustment based on speed estimation:

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

88



_4* university of
<85 TECHNOLOGY SYDNEY

SA-CLPC 
Axerage §(t) PAPC 
Original SA-CLPC

User speed [km/h]

Figure 4.18 Average of 5(t) of PAPC compared to the optimal fixed step

Figure 4.18 represents the optimal stepsize corresponding to each user speed. The 

dotted line with circle represents the optimal stepsize given in [42] and [43]. 

According to the simulation used in this thesis, at user speed of 40 km/h, the 

optimal stepsize should be 2.75 dB rather than 2.5 dB as stated in [42] and [43]. The 

result in this work is slightly different from [42] and [43] because the simulation 

used in this thesis allows the minimum difference in stepsize equal to 0.25 whereas 

[42] and [43] allowed only 0.5.

The novel algorithm is capable of automatically tuning the power control stepsize 

corresponding to user speed. At a low user-speed, the algorithm keeps the stepsize 

at relatively low value to eliminate granular noise caused by large fixed stepsize. 

When the speed increases, the algorithm increases the power control stepsize to 

cope with rapid fading. Such the dynamic stepsize tuning is depicted explicitly in 

Figure 4.18. It could be noted from Figure 4.18 that the optimal stepsize obtained
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from my simulation used in this thesis agrees very well with those presented given 

in [42] and [43].

4.5.3 Overall Performance Comparison

In this subsection, the performance of all power control algorithms studied earlier 

will be studied.

Figure 4.19 Performance comparison for slow speeds, all algorithms
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Figure 4.20 Performance comparison for entire range of speeds, all algorithms

Figure 4.19 and 4.20 compare the power control error performance of six power 

control algorithms described in Section 4.5.1 and 4.5.2 for slow speed and entire 

range of speeds, respectively.

For the sake of comparison of power control performance, a new parameter will be 

introduced here. The comparative parameter is named “Performance Score”, PS. 

This parameter is used to indicate the performance of each algorithm compared 

with other algorithms in a corresponding range of speeds. To obtain this parameter, 

PCE in Figure 4.20 will be integrated within the specified speed range [v-10, v) to 

calculate the average PCE, PCEavg(v), within the range.

PCEk„<y) = [_JCEk{x)dx (4.11)

where the subscript k is the type of adaptive stepsize power control algorithms.
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The integration is performed for every power control algorithm in consideration. 

Then, the PCEavg(v) obtained from the same speed range will be ranked. The lower 

the PCEavg the higher the PS score. The Performance Score of five adaptive power 

control algorithms is tabulated in Table 4.3.

0-10
km/h

11-20
km/h

21-30
km/h

31-40
km/h

41-50
km/h

51-60
km/h

61-70
km/h

71-80
km/h

Average6

PAPC 5 4 2 4 4 4 4 4 3.875

BA-
CLPC

1 3 1 1 1 1 1 1 1.25

KAPC 4 5 5 3 3 3 3 3 3.625

M-
ACLPC7

2 2 3 2 2 2 2 2 2.125

SA-
CLPC8

3 1 4 5 5 5 5 5 4.125

Table 4.3 Performance Score of five adaptive power control algorithms

From Table 4.3, based on the Performance Score, SA-CLPC is the best algorithm 

which can obtain the average score of 4.125. PAPC is the second at the score of 

3.875. The information given in Table 4.3 is plotted in Figure 4.21 for a clear 

presentation of results.

CDOO
00
CDOc
CD
E
o
CD

CL

PAPC —+ ~ BA-CLPC - A KAPC M-ACLPC —$— SA-CLPC

10 20 30 40 50 60 70 80
Speed range (abscissa-10 to abscissa km/h]

Figure 4.21 Performance Score of five power control algorithms

6 The higher score means better performance compared to lower ones
7 Assumed partial knowledge of user speeds
g

Assumed perfect knowledge of user speeds
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It can be concluded from Figure 4.19-21 that KAPC is the most efficient adaptive 

power control algorithm for slow-speed users (0 - 25 km/h), regardless of the fact 

that it causes substantial power control error when users are moving very slowing 

(speed < 2 km/h). Beyond 25 km/h. SA-CLPC provides the best performance in 

terms of power control error. It must be noted that SA-CLPC is expected to provide 

the best performance because more information is available to it. In the simulation, 

it is assumed to be able to estimate the user speed correctly and assign the optimal 

stepsize based on the optimal stepsize for each speed. Nevertheless, the proposed 

algorithm can achieve very similar performance as SA-CLPC without such the 

requirements as the speed estimator or the knowledge of the optimal fixed stepsize 

for each user speed. Moreover, in the slow-speed user environment, the proposed 

algorithm provides slightly higher power control error (less than 0.2 dB) than 

KAPC while it provides much lower power control error (greater than 0.7 dB) when 

the user speed is 80 km/h.

4.6 Summary

Six adaptive stepsize power control algorithm for CDMA systems are reviewed in 

this chapter. After that, a new adaptive stepsize power control (PAPC) has been 

proposed. The new algorithm is capable of tracking rapid deep fades while 

minimising granular noise. The simulation results show that it provides a significant 

improvement in terms of power control error compared to the conventional ldB 

fixed stepsize power control. Four adaptive power control algorithms namely, 

Kim’s Adaptive Stepsize Power Control (KAPC), Blind Adaptive Closed-Loop 

Power Control (BA-CLPC), Speed-Adapted Closed-Loop Power Control (SA- 

CLPC), and Mobility Based Adaptive Closed-Loop Power Control (M-ACLPC) are 

simulated for performance comparison. The simulation result shows that KAPC 

perform quite well at low mobile speed, while PAPC outperforms KAPC at high 

mobile speeds. PAPC performance is very close to SA-CLPC without any need for 

speed estimation.
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Chapter 5

Adaptive Power Control in Presence of Loop Delays

5.1 Introduction

There is a large amount of research on the development of new adaptive power 

control algorithms such as those reviewed in Chapter 4. However, the design of 

these algorithms has not considered the effects of loop delays beyond the one power 

control cycle. These additional loop-delays lead to performance degradation 

problems for power control algorithms. This problem is particularly crucial for 

adaptive power control. Hence, an adaptive power control algorithm that is capable 

of tolerating additional loop delays must be investigated and developed.

The l ime Delay Compensation (TDC) which was originally proposed in [8] will be 

reviewed in the following section. In Section 5.3, the performance of different 

adaptive power control algorithms with the use of TDC in the presence of two 

power control cycle loop-delays will be compared and evaluated. Section 5.4 

introduces a modified version of TDC named Partial TDC (PTDC), which can 

mitigate the effects of unknown loop delays. The performance comparison in the 

presence of unknown loop delays is given in Section 5.5. After that, in Section 5.6, 

implementation issues will be discussed. Section 5.7 concludes this chapter.

5.2 Time Delay Compensation and Its Applications

UMTS power control has one loop-delay whose length equals to one power control 

cycle. The transmission power in a particular power control cycle, P(t), is adjusted 

based on the TPC command calculated from the previous power control cycle:

P{t) = P{t -1) + 8it -1) • TPCit -1) (5.1)
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and

TPC(t-l)=sign(SIR,arget - SIR(t)) (5.2)

where

SJR larger is the Signal to Interference Ratio (SIR) target,

8(t) is the power control stepsize, 

and SIR(t) is the received SIR at time instant t.

In the presence of delays, the power in power control cycle t is not updated by the 

most resent TPC command obtained from power control time cycle t-1. Instead, the 

delayed version from t-l-td is used. That is Equation 5.1 becomes:

m = P(t-l) + S(t-l)- TPC{t -1 - Td) (5.3)

where

Td is the total loop delays,

Tp is the power control cycle (0.667 ms in UMTS), 

and Td=(nd-1)-Tp

where nd in an integer representing the total number of loop delays

There are many sources of additional loop delays, for example time delays in signal 

processing and measuring. These additional delays lead to instability of power 

control, and hence more power control errors. This undesirable phenomenon is 

shown in Figure 5.1:
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1dB FSPC, 2T

1dB FSPC, 1T

Speed [km/h]

Figure 5.1 Power control errors caused by additional loop delay

Figure 5.1 shows that the performance of ldB FSPC in the presence of one 

additional delay (Td = 2TP) compared with the performance of ldB FSPC with no 

additional delay (Td = 1TP).

From Figure 5.1, it can be seen that the power control error dramatically increases 

especially for high speed users. The difference in power control error is about 0.5 

dB for low-speed users (0-30 km/h). The difference rises to approximately TO dB 

when user speeds become faster.

Gunnarsson et. al. [8] proposed a loop-delay compensation technique called “Time 

Delay Compensation”, TDC technique. TDC is designed based on the idea that after 

the receiver issues a TPC command, it knows the command and the fact that the 

command will not take effect on the next power control cycle due to the additional 

fid-l loop delays. The transmitter is expected to increase or decrease transmit-power 

based on the TPC commands received from the previous nd-1 power control cycles.
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This means that the receiver can predict the received signal power which is the 

product of nj-1 delayed TPC commands in the next power control cycle. The 

receiver, therefore, pre-calculates the received SIR taking into account the most 

recent n^-1 TPC commands to issue a new TPC command. This can be expressed as 

the following procedures [8]:

1 .Adjust measured SIR based on the following equation:
rtj-1

SIR,(t) = SIRl(t) + 8,-YiTPC,(t->n) (5.4)

2.Issue TPC commands using the adjusted SIR

TPC,{t) = sign] SIR,
V

(5.5)
J

where

SIR,(t) is the adjusted received SIR of ilh user at t,h power control cycle.

The block diagram of a power control with TDC is shown below.

Tx Power 
Adjustement

Received SIR 
Calculation 

[SIR adjustment by 
TDC]

H P(t)

Radio Channel

Base station
SIRtarget

TPC Errors

TPC(t)

Figure 5.2 Adaptive power control with TDC
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Figure 5.2 is similar to Figure 3.1. An additional function compared to those in 

Figure 3.1 is the function called [SIR adjustment by TDC] at the receiver. This 

function enables the receiver to more accurately compute TPC commands in the 

presence of additional loop-delays.

The performance improvement gained from TDC is illustrated in Figure 5.3:

1dB FSPC, 2T , TDC

1dB FSPC, 2T , No-TDC

1dB FSPC, 1T

Speed [km/h]

Figure 53 ldB fixed stepsize power control (FSPC) with and without TDC

Figure 5.3 shows that the power control error with and without TDC in the presence 

of 2TP delay compared with the power control error when the total delay is 1TP.

From Figure 5.3, it can be seen that TDC can improve the performance in terms of 

power control errors. A performance improvement of approximately 0.3 dB can be 

achieved at all speeds.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

98



5.3 Performance Comparison in Presence of Known Loop Delays

The purpose of this section is to study the performance of adaptive power control in 

the presence of additional loop delays. The adaptive power control algorithms 

considered in Chapter 4 will be simulated under the same conditions as follows:

Condition 1: The total loop-delay is equal to 2Tp

Condition 2: The number of total loop delays is known to the receiver

In Condition 2 the number of total loop delays is known in advance and the TDC 

technique will be used to mitigate the effects of these delays. It will be combined 

with adaptive power control algorithms. Some modifications need to be made to 

Equation 5.1 to take into account the adaptive stepsize as following:

1.Adjust measured SIR based on the following equation:

Equation 5.3 is the modified version of Equation 5.1. The power control stepsize 

has been moved inside the sigma in order to enable the received SIR to be adjusted 

by a variable stepsize rather than a fixed stepsize as originally proposed in [8],

The comparison will be categorised into two groups, similar to Chapter 4. The first 

group comprises PAPC and ldB FSPC as well as two adaptive power control 

algorithms, KAPC and BA-CLPC, which do not require knowledge of user speeds. 

The second group consists of PAPC and two adaptive power control algorithms 

those rely on speed estimations, namely M-ACLPC and SA-CLPC.

(5.3)
m=1

2.Issue TPC commands using the adjusted SIR

(5.4)
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5.3.1 Performance Comparison in Presence of Known Loop Delays and 
Unknown speeds

In this subsection, the performance of PAPC, BA-CLPC, KAPC, and ldB FSPC in 

terms of power control errors is compared and analysed. The results of simulations 

are shown in Figure 5.4

Known delays Td=2Tp

PAPC 
BA-CLPC 
KAPC 
1dB FSPC

Speed [km/h]

Figure 5.4 Performance comparison for slow-speed users, unknown speed

Figure 5.4 compares the performance of three adaptive power control algorithms 

and one fixed stepsize algorithm. The total loop-delay in the simulation is equal to 

two power control cycles (Td=2Tp). That is, there is one additional delay on top of 

one loop delay which always exists in the typical UMTS power control. The 

additional delay is compensated by TDC. The simulation conditions are common 

for all power control algorithms considered here.

From Figure 5.4, among the four power control algorithms, KAPC displays the best 

performance in terms of power control errors within the range of speeds of 0 to 25 

km/h. PAPC performs slightly worse (i.e. < 0.1 dB) than KAPC within the same
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speed range. BA-CLPC has comparatively the worst performance. It causes more 

power control errors than those caused by ldB FSPC algorithm.

The next simulation result is the performance comparison of APC, BA-CLPC, 

KAPC, and ldB FSPC for a wider range of speeds, 0 to 80 km/h:

Known delays Td=2Tp

PAPC 
BA-CLPC 
KAPC 
1dB FSPC

Speed [km/h]

Figure 5.5 Performance comparison for entire ranged of speeds, unknown speed

From Figure 5.5, although KAPC can perform very well for low-speed users, it’s 

performance degrades rapidly when the user speed is above 30 km/h. More 

specifically, it creates the highest power control error when the user moves faster 

than 50 km/h. Within the speed range of 30 to70 km/h, PAPC displays the best 

performance in terms of power control errors. At a speed of 80 km/h, PAPC 

produces slightly higher power control errors than ldB FSPC which provides the 

best performance at this speed.
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Overall, PAPC is the best power control algorithm compared to KAPC, BA-CLPC, 

and ldB FSPC within the speed range of 0 to 80 km/h. It achieved very similar 

performance to that of KAPC which has the best performance when the user speed 

is lower than 30 km/h. When the speed is 80 km/h, it produces slightly less than 0.1 

dB higher power control error than ldB fixed stepsize.

5.3.2 Performance Comparison in Presence of Known Loop Delays 
and Known Speeds

In this subsection, the performance of PAPC, M-ACLPC, and SA-CLPC in terms of 

power control errors is compared and analysed.

Before going through the result, this subsection start with a hypothesis that the 

optimal stepsize for a given user speed discussed in Chapter 4 is no longer valid 

when Td= 2Tp and TDC is applied. In order to achieve the optimal power control 

fixed stepsize corresponding to a given user speed in these conditions, a large 

number of simulations need to be performed to find the optimal stepsize. The power 

control errors of conventional fixed stepsize power control for a range of stepsizes 

are given below:
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Q_

80

Stepsize, 5 [dB] 0 0
Speed [km/h]

Figure 5.6 Performance of various fixed stepsize when TDC is applied, Td=2Tp

Figure 5.6 shows the performance of fixed stepsize power control. The range of 

stepsizes, <5, shown in Figure 5.6 is 8e[0.25,4.00].

The result in Figure 5.6 indicates that at speeds faster than 60 km/h, a large stepsize 

creates more power control errors than a smaller one. Therefore, the optimal 

stepsize for a particular speed given in Chapter 4 is not applicable for this scenario 

when Td = 2TP and TDC is applied. In order to ensure that SA-CLPC can assign the 

optimal fixed stepsize for a user moving in a particular speed under this scenario, 

the optimal stepsizes for a given user speed must be worked out. The optimal fixed 

stepsize for each user speed are given in Figure 5.7:
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1 - - - #

Optimal fixed stepsize, Td = 2T 

Optimal fixed stepsize, T = 1T

User speed [km/h]

Figure 5.7 The optimal stepsize for SA-CLPC in presence of delay and use of TDC

Figure 5.7 depicts the optimal stepsize for each user speed when Td=lTp (same as in 

Chapter 4) and Td=2Tp considered in this chapter. TDC is utilised when Td=2Tp to 

compensate for the addition loop delay.

From Figure 5.7, the optimal stepsizes for low-speed users, 0-25 km/h, are the same 

for both scenarios (Td=lTp and Td=2Tp). When the speed is greater than 30 km/h, 

however, the optimal stepsizes for these two scenarios are different. At high speeds, 

larger stepsizes can degrade the system performance as illustrated in Figure 5.6. 

Hence, the optimal fixed stepsize decreases when the user speeds increase above 45 

km/h. At speeds of above 70 km/h, the optimal stepsize decrease dramatically from 

1.75 dB at 70 km/h to 0.25 dB at 75 km/h. This result suggests that, in this scenario, 

power control should be disabled at any user speed beyond 75 km/h.

SA-CLPC which assigns a fixed stepsize based on modified optimal stepsizes will
$

be referred to SA-CLPC , hereafter.
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The performance of PAPC, M-ACLPC, SA-CLPC, and SA-CLPC* is shown in 

Figure 5.8:

Known delays Td=2Tp

PAPC
M-ACLPC
SA-CLPC
SA-CLPC*

Speed [km/h]

Figure 5.8 Performance comparison for slow-speed users, known speed

Figure 5.8 compares the performance of four adaptive power control algorithms and 

one fixed stepsize algorithm. The simulation conditions are the same as those used 

to produce simulations in Figure 5.4.

PAPC displays the best performance when the user speed is slower than 17 km/h. 

Above this speed, it provides slightly higher power control error than SA-CLPC and 

SA-CLPC*. Note that SA-CLPC and SA-CLPC* show very similar performance as 

the optimal stepsizes in this speed range (0-30 km/h) are the same. M-ACLPC is not 

a good candidate in this scenario since it provides the highest power control error.

The performance of the four adaptive power control algorithms in a wider range of 

speeds from 0 to 80 km/h is given in Figure 5.9.
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Known delays Td=2Tp

PAPC
M-ACLPC
SA-CLPC
SA-CLPC*

Speed [km/h]

Figure 5.9 Performance comparison for entire ranged of speeds, known speed

Figure 5.9 displays the performance of four adaptive power control algorithms in 

the range of speed from 0 to 80 km/h. User speeds are known to M-ACLPC, SA- 

CLPC and SA-CLPC*.

From Figure 5.9, SA-CLPC and SA-CLPC* achieve higher performance than PAPC 

in the speed range of 20 to 50 km/h. When the user speed goes above 50 km/h, 

PAPC is better than SA-CLPC. In this scenario, SA-CLPC inappropriately assigns 

the fixed stepsize based on old knowledge of the optimal stepsize for a given user 

speed (see Figure 5.7). SA-CLPC obtains the best performance when user speed is 

higher than 50 km/h. In this scenario, M-ACLPC is the worst in the entire range of 

speeds.

5.3.3 Performance Comparison in Presence of Known Loop Delays for All 
Algorithms

In this subsection, the performance of seven power control algorithms namely: 

PAPC, BA-CLPC, KAPC, M-ACLPC, SA-CLPC, SA-CLPC* and ldB FSPC is 

displayed on the same figure for performance comparison.
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Known delays Td=2Tp
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PAPC 
BA-CLPC 
KAPC 
1dB FSPC 
M-ACLPC 
SA-CLPC 
SA-CLPC*

15
Speed [km/h]
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Figure 5.10 Performance comparison when Td=2Tp with at TDC, slow-speed

Known delays Td=2Tr
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Figure 5.11 Performance comparison when Td=2Tp with TDC, entire speed
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From Figure 5.10 and 5.11, the following conclusions can be made:

1. PAPC achieves very similar performance as KAPC which is the best

candidate algorithm when the speed is less than 17 km/h.
. . * .2. PAPC achieves very similar performance as SA-CLPC in the speed range

of 17 - 70 km/h where SA-CLPC* is the best algorithm. However PAPC 

does not need any speed estimation.

3. At high speed of above 70 km/h, all power control algorithms seem to be 

incapable of minimising power control errors.

5.4 Performance Comparison in Presence of Unknown Delays

Time Delay Compensation (TDC) can be used to mitigate the effects of loop delays 

in power control. The previous section showed that the performance of adaptive 

power control can be improved using TDC. It has been assumed that the exact loop 

delays are known to the receiver in advance, so that the delay can be compensated 

accordingly. However, the receiver does not always know the amount of loop delay 

[9]. In this particular situation where the exact amount of loop-delays is unknown to 

the system, TDC cannot be appropriately applied and the performance of the power 

control especially adaptive power control needs to be investigated carefully. The 

perfonnance degradation due to unknown loop delays is demonstrated in the 

following figures:
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Unknown delays Td=2Tp

PAPC 
BA-CLPC 
KAPC 
1dB FSPC

Speed [km/h]

Figure 5.12 Performance of PAPC, BA-CLPC, KAPC, and FSPC in the 

presence of unknown delay, Td= 2 Tp

Figure 5.12 illustrates the performance of three adaptive power control algorithms 

and one fixed stepsize algorithm. The total power control loop delay (Td) is equal to 

two power control cycles (Tp). UTRAN does not know the amount of the delays so 

that TDC cannot be used to compensate these delays.

From Figure 5.12, the performance of all power control algorithms drops 

dramatically in the presence of delay, Td= 2 Tp. In the presence of unknown loop- 

delays, adaptive power control algorithms such as PAPC and KAPC erroneously 

adjust the stepsize based on delayed power control command sequences resulting in 

an increase of power control errors. From the simulation, it has been found that both 

PAPC and KAPC increase the power control stepsize inappropriately at all user 

speeds. Among the three adaptive power control algorithms, PAPC is 

comparatively the best performance in this scenario.
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From the simulation, it has been observed that in the presence of unknown loop 

delays, large stepsizes are harmful for the system as shown in Figure 5.13. 

Therefore, the perfonnance of PAPC and KAPC, in which the stepsize is adjusted 

in error based on delayed TPC commands, is quite poor.

Figure 5.13 displays the power control errors of various fixed stepsizes from 0.25 

dB to 4.00 dB in the presence of unknown delay, Td=2Tp.

Figure 5.13 shows that, at the slow-speeds, increasing fixed stepsize slightly 

benefits the system. On the other hand, when the user speed goes above 40 km/h, 

larger fixed stepsizes create more power control errors than smaller fixed stepsizes.

The optimal fixed stepsize for a given user speed in this scenario is provided in 

Figure 5.14:

Stepsize [dB] 0 o
Speed [km/h]

Figure 5.13 Performance of various fixed stepsize in 

the presence of unknown delays (Td=2Tp)
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Figure 5.14 The optimal fixed stepsize in the presence of unknown delay, T<j = 2 Tp

Figure 5.14 presents the optimal fixed stepsize for each user speed in the presence 

of unknown delay, Td = 2 Tp.

Figure 5.14 shows that, when Td = 2 Tp, the optimal fixed stepsize for a particular 

user speed is smaller than the optimal stepsize when the delay is compensated and 

when the loop-delay is equal to one power control cycle. From the optimal fixed 

stepsizes given above, it can be seen that when user speed is greater than 50 km/h, 

the optimal stepsize reduces to the minimum value i.e. 0.25 dB. These simulation 

results indicate that when the user moves faster than 50 km/h in the presence of 

delay Td = 2 Tp and the delays are not appropriately compensated, power control 

with a large fixed stepsize causes more variations in the received SIR than power 

control with a smaller stepsize.

The modified SA-CLPC (SA-CLPC*) for this scenario adjusts the stepsize based on 

the result in Figure 5.13. The modification of the optimal stepsize for SA-CLPC in
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this scenario may not be practical because the loop delay is assumed to be 

unknown. Therefore, it is not possible to modify SA-CLPC in advance like in 

Section 5.3.1 where the delay is known in advance. Nevertheless, the performance 

of SA-CLPC will be given as a reference for the sake of comparison.

Unknown delays Td=2Tp

PAPC
M-ACLPC
SA-CLPC
SA-CLPC*

Speed [km/h]

Figure 5.15 Performance of PAPC, M-ACLPC, SA-CLPC, and SA-CLPC in the 

presence of unknown delay, Td= 2 Tp

Figure 5.15 compares the performance of four adaptive power control algorithms in 

the presence of unknown delay.

From Figure 5.15, at a low-speed range (0-20 km/h), SA-CLPC and SA-CLPC* 

achieve the best performance because they optimally assign a small fixed stepsize 

to the user at a given speed based on the optimum values shown in Figure 5.14. 

PAPC causes a relatively high power control error at the low-speed range. This is 

because it inappropriately increases the stepsize based on delays in power control 

command sequences. Similar problem can be found for M-ACLPC.
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At a user speed above 20 km/h, SA-CLPC, which adjusts the stepsize based on old 

knowledge of the optimal stepsize for a given mobile speed, introduces more 

variations in received SIR than the variations produced by PAPC. In this range of 

speeds, SA-CLPC increases the stepsize to a value greater than 2.5 dB, which was 

the optimal value of stepsize when Tp (Chapter 4). However, in this scenario 

where an additional unknown delay exists (7^= 2 Tp), a large fixed stepsize harms 

the system rather than assisting the performance. As a result, the performance of 

SA-CLPC becomes poorer. M-ACLPC also increases the maximum value of 

stepsize when user speed gets higher. The maximum adaptive stepsize of M- 

ACLPC can be 4.5 dB. As a result, the transmission power is controlled in error 

leading to excessive power control errors as shown in Figure 5.15.

The performance of all power control algorithms are displayed in Figure 5.16:

Unknown delays Td=2T

CD
T3

$o
CL

10 20 30 40
Speed [km/h]

50 60 70 80

Figure 5.16 Performance of all power control algorithms in the 

presence of unknown delay, 7j= 2 Tp
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From Figure 5.16, the performance of all power control algorithms drops 

dramatically in the presence of unknown loop-delay, Td= 2 Tp. Fhe performance 

degradation in M-ACLPC is comparatively the most sensitive to the delay. This is 

because it inappropriately increases stepsize when user speed is high. A large 

adaptive stepsize is harmful for the system in the presence of unknown delay. The 

conventional ldB fixed stepsize seems to work well in this scenario. Only PAPC, 

SA-CLPC and SA-CLPC* are better than it when the speed is slower than 50 km/h. 

SA-CLPC* shows the best performance for the entire range of speeds. This result 

leads to a conclusion that the performance a power control algorithm with an 

optimal fixed stepsize for a given user speed can perform better than all of the 

adaptive power control algorithms if the amount of delays is greater than one power 

control cycle and not compensated.

The results observed previously in this section show that adaptive power control 

algorithms are very sensitive to loop delays. If the exact number of the delays is 

known in advance, then a particular delay compensation technique such as TDC can 

be utilised to mitigate the effect of the delays. However, in the presence of 

unknown loop delays, most adaptive power control algorithms fail to achieve their 

optimum performance. More seriously, some of them incorrectly increase the 

stepsize resulting in an increase of power control errors in the unknown-delay 

environment.

In the next section, a new technique to improve the performance of adaptive 

algorithm in the presence of unknown delays will be introduced.

5.5 Partial Time Delay Compensation

Time delay compensation (TDC) technique proposed in [8] which can be utilised to 

mitigate effects of loop delays. When loop delays are known at the receiver in 

advance, TDC can be applied accordingly. However, this information may not 

always be available at the receiver. In this case, the performance of power control, 

particularly, adaptive power control will degrade dramatically.
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One of possible solutions to mitigate unknown delays is to blindly compensate for 

the delays in advance using TDC. If there is an additional unknown delay, then the 

delay will be compensated in this solution. However, this solution is not an optimal 

solution since it incorrectly compensates when there is no additional delay resulting 

in more power control errors. The power control performance with such 

inappropriate delay compensation is shown in Figure 5.17.

T =1T

1dB FSPC, No TDC 
1dB FSPC, Over TDC 
PAPC No TDC 
PAPC, Over TDC

Speed [km/h]

Figure 5.17 Performance of FSPC and PAPC with and without TDC when Td = 1TP

Figure 5.17 compares performance of FSPC and PAPC with TDC and without 

TDC. The delay is equal to Tp so that the delay is overcompensated. The x-lines 

represent FSPC and the dotted-lines represent when the delay is overcompensated.

From Figure 5.17, FSPC is not sensitive to the time delay overcompensation 

(represented by the x-dotted lines). The performance with and without TDC is quite 

similar, and a maximum difference of 0.3 dB in PCE is observed. On the other 

hand, PAPC is sensitive to overcompensation. The largest difference in the power 

control error in PAPC with and without delay is nearly 1 dB. When the user speed
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is between 5 and 35 km/h, the performance of PAPC is slightly worse than the 

performance of FSPC with no overcompensation. Beyond this speed, PAPC with 

overcompensation outperforms fixed step algorithms. Overall, PAPC slightly 

outperforms FSPC if the delay is overcompensated (although it is slightly worse 

within the speed range 5 to 35 km/h), and PAPC significantly outperforms FSPC if 

the delay is not overcompensated.

From Figure 5.17, it can be seen that inappropriately applied TDC technique may 

be harmful for the system especially when adaptive power control algorithm is in 

use. To prevent this undesirable situation while protecting the system performance 

in the presence of unknown loop-delays, a new technique called Partial Time Delay 

Compensation (PTDC) is introduced in the next section.

5.5.1 Partial Time Delay Compensation Algorithm

The idea behind this algorithm is to optimally compensate for the delays in 

advance, so that if there is an additional unknown delay, the effect of the delay will 

be mitigated. Additionally, at the same time, the effects of overcompensation have 

to be minimised if there is no additional delay. To implement this algorithm, 

Equation 5.4 has to be replaced by the following equation:

SIR,(t) = SlR,(t)+ ■8l(t)-TPC,(t-m) (5.8)
m-\

where y is defined as the partial TDC factor; and y <e[0,1].

A large number of simulations were run to find the optimal value of y. The optimal 

y must provide the lowest power control error in the presence of delays as well as in 

the presence of no additional delay. The result of the PAPC with PTDC when there 

is no additional delay is given below:
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Loop delay Td=1Tp

y Speed [km/h]
Figure 5.18 Effect of y on the performance of PAPC when Td = 1TP, 3-D

Figure 5.18 presents the surface of the performance of PAPC as a function of user

speed and y. Loop delay Td=1Tp

Speed [km/h]
Figure 5.19 Effect of y on the performance of PAPC when Td = JTP, 2-D
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Figure 5.19 displays the performance of PAPC with different values of y. The first 

line from the bottom corresponds to y equal to 0.0. The value of y increases by 0.1 

for each line upward. The top line corresponds to y equal to 1.0.

From Figure 5.18 and 5.19, when there is no additional delay, the power control 

error increases as y increases. Therefore, the optimal y shall be as small as possible, 

so that, the best performance of PAPC in the presence of no additional delay can be 

attained.

The performance of PAPC with PTDC in the presence of an addition delay is given 

in the following figure:

Figure 5.20 Effect of y on the performance of PAPC when Td = 2TP, 3-D

Figure 5.20 shows the surface of the performance of PAPC as a function of user 

speed and y.

Loop delay Td=2Tp

80

0 o
Speed [km/h]y
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Loop delay Td=2Tp

Speed [km/h]

Figure 5.21 Effect of y on the performance of PAPC when Td = 2TP, 2-D

From the simulation in Figure 5.20 and 5.21, it has been found that an optimal y 

exists. In the presence of additional delay, the power control error decreases as y 

increases. When y increases from 0.5 to 0.6, the power control error drops sharply 

especially at low-speeds. Values of y larger than 0.6 do not provide any significant 

performance improvement. Hence, a value of y = 0.6 is selected as the optimal 

value for PTDC.

5.5.2 Performance Comparison of PAPC with the Aid of PTDC

PAPC with the aid of PTDC (PT-APC) is designed with a capability to perform 

efficiently in the presence of unknown delay and no delay. To validate the 

performance of PT-APC, a number of simulations have been run and the result is 

given below:

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

119



_4* UNIVERSITY OF
TECHNOLOGY SYDNEY

T =1T

1dB FSPC, y = 0.0
1dB FSPC. = 1.0y- ■

PAPC, y = 0.0 
PAPC, y = 1.0 
PT-APC, Y = 0.6

Speed [km/h]

Figure 5.22 Performance comparison of PT-APC, Td= 1TP

From Figure 5.22, PT-APC outperforms ldB-FSPC for the entire range of speeds. It 

significantly outperforms the ldB-FSPC at very low-speeds of 0-3 km/h. At higher 

speed ranges, it provides a performance gain of up to 0.4 dB.

In this situation (Td=lTp), when y is equal to 0.6, the performance of PAPC is worse 

than when y is equal to 0.0 (No-PTDC). This means that applying PTDC causes 

some performance degradation. Nevertheless, the performance of PT-APC with the 

optimum y is still better than the performance of ldB FSPC for the entire range of 

speeds.

The performance of PT-APC and other power control algorithms in the presence of 

unknown delay is shown in the following figure:
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Figure 5.23 Performance comparison of PT-APC, Td= 2TP

Figure 5.23 shows that a significant performance improvement, in terms of power 

control errors, can be achieved using PT-APC for a wide range of speed from 0 to 

60 km/h. At speeds faster than 70 km/h, PT-APC provides a slightly higher power 

control error than ldB FSPC. The slightly poor performance at high speed is 

acceptable as power control does not have to be very efficient and interleaving can 

work very efficiently in this stage.

5.6 Implementation of PAPC and PT-APC

It must be noted that both PAPC and PT-APC conform to the UMTS specification. 

They do not require any additional information such as Doppler estimation. In order 

to implement the proposed algorithms, an adaptive stepsize function as described in 

Section 4.3 has to be installed in UE. At the UTRAN site, TDC or PTDC functions 

have to be installed at Node B. These delay compensation functions are common 

for all power control algorithms in use. If UTRAN knows the exact number of loop
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delays, then PAPC with the corresponding TDC will be chosen. On the other hand, 

if the exact amount of the delay is unknown to the UTRAN, then PT-APC will be a 

preferable choice as it tolerates unknown delays.

5.7 Summary

In this chapter, the Time Delay Compensation (TDC) technique proposed in the 

literature has been reviewed. The performance of a number of adaptive power 

control algorithms with the aid of TDC in the presence of knowm loop delays has 

been investigated and analysed in terms of power control errors. The results show 

that, over the entire range of speeds, the proposed adaptive stepsize power control 

algorithm (PAPC) out performs other adaptive power control algorithms which 

have the same degree of information. The results also show that the proposed 

algorithm provides slightly higher power control errors than those provided by 

Speed-Adapted Close-Loop Power Control (SA-CLPC) for which prefect user 

speed estimation and the information of the optimal fixed stepsize for a given user 

speed are available.

In the presence of unknown loop delay, the simulation results show that the 

performance of most of adaptive power control algorithms considered in this thesis 

substantially degrades. Among all of the adaptive power control algorithms, PAPC 

achieves the closest performance to the modified SA-CLPC which is the best 

algorithm in this scenario.

A new time delay compensation technique named Partial TDC (TDC) has been 

proposed based on TDC technique. The new algorithm compensates for the delay 

with the Partial TDC factor, y. The simulation results indicate that the optimal value 

of y is 0.6. The performance of PAPC with the aid of PTDC (PT-APC) is better than 

ldB FSPC for the entire range of speed when the total delay, Td, is equal to one 

power control cycle Tp. Furthermore, in the presence of an addition delay, PT-APC 

significantly outperforms ldB FSPC and other adaptive power control algorithms.
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Chapter 6
Consecutive Transmit Power Control Ratio Aided 

Speed Estimation for UMTS

6.1 Introduction

Knowledge of the maximum Doppler frequency is invaluable for the network 

performance optimisation in several aspects. For example, the knowledge of user 

speed cab be used to help the network to chose an optimal interleaving length in 

order to reduce the reception delays [46] Additionally, a user moving at a high 

speed may be assigned to a macro cell and the one moving at a low speed may be 

assigned to a micro cell [47], Furthermore, estimation of fd can be used to adjust the 

power control stepsize as proposed in [42][43].

In UMTS literature, there are three well known techniques to estimate the 

maximum Doppler frequency. A classic method to estimate the maximum Doppler 

frequency is to find the Level Crossing Rate (LCR) [48]. LCR is defined as “the 

expected rate at which the Rayleigh fading envelope, normalised to the local rms 

signal level, crosses a specified level in a positive-going direction" [23]. Juncker et. 

al. [49] proposed a speed estimation method based on the derivative of the received 

channel envelop of the CPICH in UMTS. Mother et. al. [50] proposed a robust 

Doppler estimation algorithm which relies on the analysis of the channel statistics.

In this chapter, a novel speed estimation technique is proposed. The new technique 

utilises historical information of TPC commands to estimate the user speed. The 

proposed speed estimation is completely different from those presented in the 

literature as it estimates user speed based on TPC sequences sent by the UMTS 

network rather than signal envelop derivation methods [23][29] or the channel 

power statistic methods [50].
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Section 6.2 discusses the relationship between TPC command and the maximum 

Doppler frequency. A new parameter called “Consecutive TPC Ratio'’, CTR is 

introduced in Section 6.3. Section 6.4 provides the evaluation of two possible CTR- 

based speed estimation techniques, namely, lookup table based and mapping 

equation based techniques. In Section 6.5, a new adaptive power control algorithm 

in which the stepsize is adjusted based on CTR is proposed and its performance is 

compared with the algorithms proposed in the literature. Section 6.6 shows an 

enhancement of the CTR based speed estimation with the use of the adaptive 

stepsize power control proposed in Section 6.5. Section 6.7 concludes this chapter.

6.2 Correlations between TPC and Maximum Doppler Frequency

This section will shows that TPC command sequences reflect implicitly the fading 

rate of radio channels. When the channel attenuation changes quickly, consecutive 

sets of TPC command, e.g. 1 1 1 1 1 or 0 0 0 0 0, are expected to be transmitted by 

the base station. There is a strong relation between sequences of TPC commands 

and the multipath fading change rate which relate directly to the maximum Doppler 

frequency. The maximum Doppler frequency, fd, can be computed by:

fd=fc‘~ (6.1)
c

where fc is the carrier frequency (1.9GHz in this paper), v and c are user speed and 

speed of light (3x10 m/s), respectively.

From above explanations, it can be claimed that information of TPC command 

signs reflects multipath fading change rates which relate directly to maximum 

Doppler frequency. Therefore, such the information can be utilised to estimate user 

mobility.

The following figure shows the relations between TPC commands and multipath 

fading gains:
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Figure 6.1 Channel gains, user speed = 5 km/h

From Figure 6.1, it can be observed that there is an approximately equal number of 

power up and power down commands because the channel changes slowly. It must 

be noted that two different (+1 and -1) adjacent TPC commands result in no change 

to the transmission power. Therefore, users with a low fd create a small number of 

consecutive TPC commands of the same sign which means significant power 

adjustments are not required.

On the other hand, if the channel attenuation changes rapidly, significant power 

adjustment will be required at the transmitter (UE in the uplink). Hence, a relatively 

large number of consecutive TPC commands of the same sign will be issued as 

shown in Figure 6.2:
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Figure 6.2 Channel gains, user speed = 30 km/h

From Figure 6.2, it can be seen that there are several sequences of consecutive TPC 

commands for the same time frame shown in Figure 6.1. This sequence of 

consecutive TPC commands of the same sign indicate that the transmission powers 

need to be either increased or decreased in order to compensate for the effects of 

multipath fading.

6.3 Consecutive TPC Ratio

A new user speed estimation technique that utilises existing TPC command 

information will be presented in this section. The new parameter called Consecutive 

TPC Ratio (CTR) is defined as:

0.5-1 TPC(n) + TPC(n -1) |
CTR(t) = > --------------------------------------- (6.2)

n=t-m+\ m
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where m = t if t < w; and m =w if t > w. The parameter w is the maximum size of 

averaging-window. TPC(O) = 0 was used in the simulation.

G(t)

Figure 6.3 CTR function with conventional inner loop power control

Figure 6.3 shows a simplified inner-loop power control block diagram, where z'1 is 

a delay. An additional function required at the transmitter (UE) is the CTR 

computing function. This function will compute CTR based on Equation 6.2.

The following figure shows CTR as a function of a fixed stepsize in use and user 

speeds.
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Stepsize Speed [km/h]

Figure 6.4 CTR as a function of PC step sizes and user speeds

From Figure 6.4, it can be seen that CTR tends to increase as user speeds increase 

for all stepsizes. In the case of very small stepsize, the value of CTR rises rapidly 

when user speed increases. This is because inner loop power control with a small 

stepsize is not sufficiently fast to compensate for the effect of multipath fading. 

Therefore, continuous up/down commands are transmitted, and the SIR target is not 

likely to be met. For large stepsizes, the value of CTR increases gradually with user 

speed. This is because FSPC with a large fixed stepsize requires only a few TPC 

commands to sufficiently track changes in multipath fading channels. It should be 

noted that, for small stepsizes (smaller than 1.5 dB), at high speeds around 60 km/h, 

CTR starts decreasing. This is because, in such a high speed scenario, power control 

with small fixed stepsize is no longer sufficiently fast to track rapid fading changes 

and a very high power control error can be expected. This phenomenon does not 

occur when the fixed stepsize is bigger than 2 dB. This is because a 2 dB stepsize is 

sufficiently fast to track rapid fading changes when the user speed is greater than 60 

km/h.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

128



.4* UNIVERSITY OF
TECHNOLOGY SYDNEY

6.4 CTR Aided Speed Estimation Based on Fixed Stepsize

From Figure 6.4, if the fixed stepsize are known, then the CTR can be mapped to 

the corresponding user speed using either a lookup table or equations. The lookup 

table can be created by using the information from Figure 6.4. Alternatively, if an 

equation to approximate CTR as a function of user speed, fCTR (v), can be obtained,

then the inverse function, f^R (CTR), can be used to convert CTR to the 

corresponding speed.

6.4.1 CTR Aided Speed Estimation Using Lookup Table

This subsection will shows that a lookup table can be used to map between CTR 

and the corresponding user speeds. The table can be created based on experiment or 

simulation results. In here, the table was created based on computer simulation.

1dB FSPC
3dB FSPC

Speed [km/h]

Figure 6.5 CTR of ldB FSPC and 3dB FSPC
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Figure 6.5 shows CTR as a function of user speed. The line with crosses (x) 

represents CTR obtained from ldB FSPC and the line with circles (o) was obtained 

from 3dB FSPC.

From Figure 6.5, CTR of ldB FSPC increases from 0.0 at user speed = 0 to just 

under 0.8 at user speed 45 km/h. Beyond that, it starts to decrease slightly. The 

decrease of CTR occurs because 1 dB FSPC cannot cope with rapid fading changes 

at this speed. The decrease of CTR at high speeds implies that there are two user 

speeds for a given CTR value. This makes the relation between CTR and the user 

speeds being “non injective”. This means that it is impossible to create a lookup 

table to correctly map CTR to the corresponding user speed at high-speed. On the 

other hand, the relation between CTR and user speed for 3dB FSPC is injective for 

the entire range of speeds. This means we can correctly map a CTR to a user speed 

and vice versa. However, 3dB fixed stepsize power control is impractical and not 

preferable in any scenarios because it introduces large power control errors when 

the user speed is low as discussed earlier in Chapter 4. Hence, the table will be 

created based on ldB FSPC and is given below.

CTR [0.0-0.1) [0.1-0.2) [0.2-0.3) [0.3-0.4) [0.4-0.5) [0.5-0.6) [0.6-0.7) [0.7-inf)
Speed
(km/h)

0-3 3-5 5-8 8-12 12-18 18-22 22-28 28+

Average 1.5 4 6.5 10 15 20 25 30

Table 6.1 Mapping between CTR and user speeds

Table 6.1 contains CTR ranges and their corresponding speed ranges. Each speed 

range corresponds to an average speed given in the last row of Table 6.1. The 

output of the estimation process is the average speed.
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Figure 6.6 Speed estimation using lookup table

Figure 6.6 shows the performance of CTR aided speed estimation using a lookup 

table method within the speed range of 0 to 40 km/h. The red dotted-line is given as 

a reference of the exact speed.

From Figure 6.6, the CTR aided speed estimation using a lookup table can estimate 

the speed with some degree of error within the speed range of up to 30 km/h. The 

error occurred because each interval of CTR which correspond to a given speed 

were divided insufficiently fine. If the CTR range is divided into smaller intervals 

then more accurate speed estimations can be attained. However, smaller CTR 

ranges will result in more information to be stored at the UE site and hence more 

storage needs to be added at UE.
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6.4.2 CTR Aided Speed Estimation Using Mapping Equation

An alternative option to obtain the user speed with a given CTR is to find an 

equation to approximate CTR as a function of user speed. Then, the inverse of that 

equation will be used to map CTR to user speed.

Speed /̂ cm CTR

Figure 6.7 Relation between CTR and user speed via fCTR (•)

Figure 6.7 shows the relation between CTR and user speed via the/ctr function. It 

must be noted that CTR is known parameter which can be computed from Equation 

6.2.

The equation to approximate CTR as a function of user speed in km/h is given as 

follows:

fCTR{x) = A^-e~Bx°) (6.3)

where A, B, and C are the constant to be determined during the UMTS network 

planning phase.

From the simulation, the most suitable values of A, B, and C to approximate CTR of 

ldB FSPC are 0.820, 0.051, and 1.077, respectively.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

132



.4* UNIVERSITY QF
TECHNDU3EY SYDNEY

The approximation of CTR versus the actual CTR from simulation is plotted in 

Figure 6.8.

Simulation
Approximation

Speed [km/h]

Figure 6.8 Approximation of CTR versus the actual CTR from simulation

The dotted line in Figure 6.8 represents ldB-FSPC-CTR which is approximated 

from Equation 6.3 where A, B, and C are 0.820, 0.051, and 1.077, respectively. The 

dashed-crossed line represents ldB FSPC CTR which is obtained from the 

simulation.

The approximation of CTR based on Equation 6.3, where A, B, and C are 0.820, 

0.051, and 1.077, respectively, matches very well with CTR values obtained from 

the simulation within a speed range of 0 to 45 km/h. Beyond this speed, the CTR 

approximation using Equation 6.3 is larger than the actual CTR value. This will 

result in large errors in the speed estimation.

To estimate the speed based on a given CTR, an inverse of Equation 6.3 has to be 

determined. The inverse of Equation 6.3, fc~^R(CTR), is:
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' CTR
I1 1 f 4 lc—lnl A-xJ

(6.4)

In order to estimate the user speed, the CTR values given in Figure 6.8 are 

substituted into Equation 6.4. As a result, the speed estimation based on CTR using 

the mapping equation (Equation 6.4) is obtained as shown in Figure 6.9:

Estimattion
Reference

Actual speed [km/h]

Figure 6.9 Speed estimation using mapping equation

Figure 6.9 shows the performance of the proposed CTR aided speed estimation 

using mapping equation 6.4 within the speed range of 0 to 60 km/h.

From Figure 6.9, CTR aided speed estimation using mapping equation can achieve 

a more accurate speed estimation than the speed estimation using a rough lookup 

table. A more detailed lookup table may obtain more accurate speed estimation, but 

at the expense of more information to be stored at UE and hence more UE 

complexity. It must be noted that the lookup table have to have infinite intervals to 

provide the same accuracy as a mapping equation. Therefore, speed estimation
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using mapping equation is more preferable and more efficient than the speed 

estimation using lookup table.

In addition, from Figure 6.6, CTR aided speed estimation using Table 6.1 can 

estimate the speed within limited range of 0 to 30 km/h, while the speed estimation 

scheme using Equation 6.4 can achieve accurate estimated speed of up to 45 km/h. 

The maximum speed, at which CTR aided speed estimation based on ldB FSPC 

can provide accurate results, is limited to 45 km/h. This is because beyond this 

particular speed, ldB FSPC CTR is no longer an injective function. Hence, the 

inverse of it is not a valid function. As a result, the estimated speed is limited to 45 

km/h as illustrated in Figure 6.9.

The results from this section indicate that CTR can be used to estimate the user 

speeds especially when the user speeds are lower than 40 km/h. This range of 

speeds is adequate for many applications that rely on speed estimation because any 

vehicular moving faster than 40 km/h can be categorised as high-mobility. One of 

the applications that requires knowledge of speed estimations is adaptive power 

control. The following section will show a new adaptive power control algorithm in 

which the stepsize is based on CTR.

6.5 CTR Aided Adaptive Power Control Algorithm

It has been shown in [42] that at mobile speeds slower than 100 km/h, FSPC with a 

large fixed stepsize is suitable for fast mobiles while a smaller fixed stepsize is 

more suitable for slow moving mobiles. CTR is a parameter which has a strong 

correlation to mobile speeds as previously shown. Therefore, power control stepsize 

can be adapted based on CTR.

The CTR aided adaptive power control (CAAP) proposed in this chapter adjusts its 

stepsize (5 (t) in Equation 4.1) based on the value of CTR as expressed in the 

following equation:
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<5(0 =
£

l-p-min{CTR(t),CTRmJ
(6.5)

where £ and p are constants. 5 (t)e (0,8max] which 8max is the maximum value of 

power control stepsize in dB. CTRmax is the maximum value of CTR such that 

p-CTRmax<l. The parameters s, p and 8max must be carefully chosen by UTRAN. 

CTRmax , s, and p must be carefully chosen to ensure that the 8(t) will not exceed 

8max. In this chapter, s is chosen as 0.7 and p is chosen as 1.25. 8max is equal to 3 dB. 

As a result, CTRmax is equal to 0.64.

The block diagram of the proposed algorithm is illustrated below:

Node B
l(t) | Rx power

Eb/No Estimation

Eb/No target

-kT—► TPC

-►( +
A

Tx power
z-1

ASS (a,(3) CTR
UE

Figure 6.10 CTR aided adaptive power control

It is important to find the optimum value of s. A large number of simulations was 

performed to determine the optimal s. The result is shown below.

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

136



UNIVERSITY OF 
TECHNOLOGY SYDNEY

80

Figure 6.11 Performance of CAAP with different values of s

Figure 6.11 shows the performance of CAAP as a function of £ over a wide range of 

speed (0 to 80 km/h)

It can be seen from Figure 6.11 that an optimum value of s exists. At low speeds, 

the power control error increase as s increases. Therefore, the optimal value of £ 

must be as low as possible to make sure that the lowest power control error can be 

obtained for a user moving at slow speed. On the other hand, at high speeds, the 

power control error decreases when £ increases. From the simulation, at a high

speed, when £ increases from 0.6 to 0.7 the power control error significantly drops. 

When it increases from 0.7 to 0.8, there is no distinguishable performance 

improvement. As a small £ benefits a user moving at a low-speed, a value of £ 

equal to 0.7 is selected as the optimum.

Power control performance of CAAP using £ equal to 0.7 is provided in the 

following figure:
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CAAP
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Figure 6.12 Performance of CTR aided adaptive power control

Figure 6.12 shows the performance of the proposed CTR Aided Adaptive Power 

Control (CAP) algorithm compared to four FSPC algorithms with the fixed step of 

0.2, 1, 2, and 3 dB, respectively.

From Figure 6.12, FSPC with small fixed stepsizes (i.e. 0.2 dB and 1 dB) performs 

efficiently at a slow speed (slower than 10 km/h) while it causes substantially high 

power control errors when mobiles move faster than 10 km/h. This is because a 

FSPC algorithm with a small fixed stepsize is not sufficiently fast to track rapid 

changes of the fading. Although a FSPC algorithm with a large fixed stepsize can 

track rapid changes of a fading channel when a mobile speed is higher than 10 

km/h, it introduces oscillations in received SIR when the user speed is low.

The proposed algorithm provides slightly higher PCE than FSPC with 0.2 dB 

stepsize when the user is stationary. It is because the minimum PC step size of the 

proposed algorithm is based on a which is equal to 0.7 in this simulation. In a
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stationary channel, the larger the PC stepsize the higher the received SIR 

oscillations. In addition, CAAP obtains the same performance as FSPC algorithms 

with large fixed stepsizes when the fading rapidly varies because the PC step sizes 

are increased accordingly.

Simulations carried out for FSPC with different fixed steps are shown in Figure 

6.13 where the difference in PCE of four fixed steps algorithms is compared with 

the proposed algorithm. The power control error difference is computed from the 

following Equation:

PCE
PCEfixed, x

PCECAAP
Difference PCE,

100% (6.6)
CAAP

where PCEflxed.x and PCEcap denote the power control error of x-dB-fixed-stepsize 

power control and power control error of the proposed algorithm, respectively.
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Figure 6.13 Performance comparison of FSPC with reference to CAAP
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The result in Figure 6.13 shows the same trend as those in Figure 6.12. CAAP 

outperforms FSPC with large fixed steps when the fading gains change slowly (user 

speeds of 0-10 km/h). When the user speed becomes faster, the power control error 

performance is very similar to that of 3 dB fixed step FSPC which is the best 

performance compared to other FSPC with smaller power control stepsizes. In 

addition, the new algorithm provides similar performance in terms of power control 

errors as that obtained from [42][43] which is the solid line in Figure 6.13. The 

adaptive stepsize power control algorithm in [42][43] requires knowledge of the 

maximum Doppler frequency in order to adjust the power control stepsizes 

accordingly and the result from [42] [43] shown in Figure 6.12 is based on a perfect 

Doppler estimation.

6.6 CTR Aided Speed Estimation Based on Adaptive Stepsize

CTR which is obtained from CTR aided adaptive power control can also be used to 

estimate the user speed. The pattern of CAAP-CTR considerably changes from ldB 

FSPC CTR.

£ Speed [km/h]

Figure 6.14 CTR as a function of s and user speeds
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Figure 6.14 shows CTR obtained from CTR aided adaptive power control versus £ 

and user speeds.

From Figure 6.14. when the value of s is high (greater than 0.3), CTR obtained 

form CAAP (CAAP-CTR) is a one-to-one function. This means there is a valid 

inverse of/caap-ctr, and thus the speed estimation is based on CTR using mapping 

equation can be attained in a wider range of speeds.

The CAAP-CTR function (fcaap-ctr) is different from that given in Equation 6.3. 

The value of CAAP-CTR can be approximated using the following equation:

f (x) = D
u r a a P-rrr? x '

f ( 6+5)3 F\

D- 1- e~ 5'£
V l ) )

+ G (6.7)

where D, E, F, and G are constants, which have to be determined during the UMTS 

radio planning phase.

From the simulation, the optimal values of D, E, F, and G to produce the best-Fitted 

CTR approximation are

D = 0.5

E = 4.8 (6.8)

F= 1.05 

and G - 0.02

The approximation of CAAP-CAP using Equation 6.7 and 6.8 is depicted in Figure 

6.15.
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Figure 6.15 CAAP-CTR approximation

Figure 6.15 illustrates the approximation of CAAP-CTR based on Equation 6.7 

compared with CAAP-CTR obtained from the simulation when s is equal to 3.5.

The result in Figure 6.15 shows that the approximated CAAP-CTR matches with 

CAAP-CTR obtained from the simulation very well for the entire range of speeds (0 

to 80 km/h). The CAAP-CTR when e = 3.5 is an increasing function and injective. 

Therefore, an inverse exists and it is a valid function. This means the speed of the 

user employing CAAP can be estimated accurately within the entire range of speeds 

from 0 to 80 km/h, unlike ldB FSPC case where the speed estimation is limited to 0 

to 45 km/h as shown in Figure 4.9.

The inverse function to transform CAAT-CTR to the corresponding user speed is 

given below:
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fCAAP-CTR (x) ~ 5 £ In
rf fx_FWF^

D
-5 (6.9)

The performance of the speed estimation using CAAP-CTR is depicted in the 

following figure:
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Figure 6.16 CAAP-CAP based speed estimation using mapping equation

From figure 6.16, CAAP-CAP based speed estimation using mapping equation can 

estimate user speeds in a wide range of speeds. At high speed, higher than 40 km/h, 

however, the estimation is not very accurate.

6.7 Summary

A signification correlation between the number of consecutive TPC command and 

fading rate has been shown. A new parameter named CTR is introduced to capture 

the correlation. With an appropriate mapping technique, i.e. using a lookup table or 

an equation, CTR can be mapped to user speed. The CTR aided speed estimation

20/06/07 Master of Engineering Thesis (Rachod Patachaianand)
Copyright 2007 : University of Technology Sydney

143



4* UNIVERSITY OF
TECHNOLOGY SYDNEY

based on ldB fixed stepsize power control can provide accurate speed estimation 

for the user speed of up to 45 km/h. It has been shown that the performance of 

adaptive stepsize power control in which the stepsize is adjusted based on CTR can 

outperforms the conventional fixed stepsize power control and also it can achieve 

similar performance as SA-CLPC which requires the knowledge of user speeds. 

The performance of CTR-aided speed estimation can be enhanced with the used of 

the new adaptive power control (CAAP).
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Chapter 7 Conclusions and Future Works

7.1 Conclusion

Power control is one of the RRM functions necessary for 3G systems such as 

UMTS to provide adequate quality of service within a coverage area. The primary 

goal of power control is to mitigate the near-far effect and multipath fading. Fixed 

stepsize power control with a ldB stepsize is specified in the UMTS specification. 

Simulations and literature reviews in Chapter 3 reveal that the conventional fixed 

stepsize power control has limitations. It creates PCE especially when a user is 

moving fast. An increase of PCE causes severe degradation in WCDMA 

performance e.g. interference increase, BER increase, high outage probability and 

high SIR target. There are many factors limiting performance of power control in 

UMTS such as limitted signal bandwidth and power control loop delay.

A new adaptive stepsize power control algorithm (PAPC) is proposed in Chapter 4. 

The performance of the new algorithm is compared with the ldB fixed stepsize 

power control algorithm (ldB FSPC) and a number of existing adaptive power 

control algorithms from the literature. The simulation results show that PAPC 

outperforms ldB FSPC for a wide range of user speeds from 0 km/h to 80 km/h. 

PAPC provides slightly higher PCE (about maximum 0.15 dB higher) than that 

provided by the adaptive power control algorithm proposed by Kim et al (KAPC) 

when the user speed is lower than 35 km/h. Beyond this user-speed, PAPC is more 

efficient than KAPC. The performance difference is as high as 0.4 dB in terms of 

PCE at a user speed of 80 km/h. PAPC can achieve the similar performance as SA- 

CLPC in which the knowledge of the optimal fixed stepsize for a given user speed 

is available. This means PAPC shows a promising capability to achieve a high 

degree of performance without any knowledge of the optimal fixed stepsize for a 

given user speed.

In Chapter 5, the performance of PAPC and other adaptive power control 

algorithms as well as ldB FSPC in the presence of loop-delays is studied through
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extensive computer simulations in different scenarios. If the exact amount of loop- 

delays is known to the UTRAN, a time delay compensation technique, TDC [8], is 

used to mitigate the effects of loop-delays. In the scenario where the delays are 

appropriately compensated, the performance of KAPC is slightly better than that of 

PAPC (about maximum 0.15 dB better in terms of PCE) for a slow moving user 

with a speed of up to 35 km/h. When user speed is beyond 35 km/h, PAPC 

significantly outperforms KAPC. A difference in PCE of greater than 1 dB is 

observed at a user speed of 80 km/h. A similar performance as that provided by the 

modified SA-CLPC (SA-CLPC*) can be achieved with the use of PAPC. In Section 

5.3, the exact amount of delay is not available to UTRAN, so that TDC cannot be 

appropriately used to mitigate the effects of delays. The simulation results 

demonstrate that the performance of all adaptive power control algorithms 

dramatically degrades in the presence of unknown loop-delays. In such a scenario, 

FSPC seems to perform better than adaptive algorithms. In Section 5.4, a new TDC 

technique called Partial TDC (PTDC) is proposed. It was developed based on an 

idea that TDC is applied in advance to cope with unexpected delays. The simulation 

shows that inappropriately applying TDC introduces more PCE when there is no 

additional delay especially for adaptive power control. Hence, the optimal PTDC 

which can provide a compromise PCE performance when the total delay is 1 Tp and 

2TP is investigated using extensive sets of simulations. The optimal PTDC factor y 

is found to be 0.6. The performance of PAPC with the optimum PTDC outperforms 

ldB FSPC when the delay is equal to 1 Tp and 2Tp. Additionally, it significantly 

outperforms all of the adaptive power control algorithms considered in this thesis in 

the presence of 2Tp unknown delays.

In Chapter 6, the correlation between fading rate of multipath channels and TPC 

commands is presented. A new parameter named CTR is introduced to detect this 

correlation. The value of CTR depends on consecutive sequences of similar TPC 

commands. The CTR is then mapped to a user speed using a lookup table and an 

equation. With the use of ldB FSPC, user speeds can be accurately estimated within 

a range of 0 to 45 km/h. A new adaptive power control algorithm in which the 

stepsize is adjusted based on CTR (CAAP) is proposed. The performance of CAAP 

in terms of PCE is very close to the performance of SA-CLPC which relies on a
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speed estimator. The accuracy of speed estimation can be improved by the use of 

CAAP. With the use of CAAPC, user speeds can be tracked up to the speed of 70 

km/h.

7.2 Major Contributions

Four novel contributions have been proposed in this thesis in Chapter 4, Chapter 5, 

and Chapter 6, respectively.

In Chapter 4. a new power control algorithm named PAPC has been proposed. The 

simulation results show that it completely outperforms FSPC for the speed range of 

0 to 80 km/h. PAPC provides lower PCE than that of KPC when the user speed is 

higher than 35 km/h, and it provides lower PCE than that of SA-CLPC when the 

user speed is slower than 15 km/h.

In Chapter 5, a modified version of TDC named PTDC has been proposed. The 

simulation results show that PAPC with the use to PTDC outperforms FSPC when 

the exact amount of loop delays (<2TP) is either known or unknown.

In Chapter 6, a novel parameter named CTR has been defined. CTR is utilised to 

assist a new speed estimation technique called CTR aided speed estimation. The 

simulation results show that, with the use of typical ldB FSPC, user speeds can be 

estimated up to the speed of 45 km/h.

A new adaptive power control named CAAP in which a stepsize is adjusted based 

on CTR has also been proposed in Chapter 6. The simulation result shows that it 

can achieve very similar performance as that of SA-CLPC.

7.3 Future Work

All of the simulations performed in this thesis were based on a scenario where an 

individual communication link is in a single cell with wrap-around WCDMA
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system. This simulation condition is adequate for evaluating the performance of 

power control algorithms in terms of PCE. This simulation will be extended to a 

more realistic scenario by adding more users into the system. In terms of PCE, the 

result when multiple users are simulated is expected to be the same because “the 

overall interference variation is still small compared to fading of the desired signal 
and therefore does not greatly affect the variation of SIR after power control" [24]9. 

Simulation results which one can expect to obtain from a simulation of a WCDMA 

system with multiple users are the outage probability and the total interference. An 

extension of this work is to evaluate the performance of PAPC in terms of outage 

probability and total interference. Another interesting extension is to evaluate the 

BER performance in a multiple user scenario in which the effect of multiple access 

interference (MAI) is involved.

The simulation results in Chapter 5 show that the performance of power control 

algorithms can be improved with the use of TDC. It is known that there are two 

possible strategies to cope with delays in power control. The first strategy is to 

compensate the delays as shown in this thesis and [6]-[9]. This strategy is very 

simple because the system utilises the existing information such as past TPC 

commands. The second possibility to cope with delays is to predict the uplink 

channel [33] or signal strength [21], and then compensate them in advance. The 

second strategy may be more complex than the first one because more computations 

are required to predict channel state and/or signal strength in advance. It is also 

possible to have a combination between these two strategies. The performance 

evaluation of the combination strategy can be a topic for further research in this 

field.

For the new CTR aided speed estimation proposed in Chapter 6, a number of 

performance analysis need to be done. The analyses are, for example, the 

relationship between CTR and LCR. The author believes that they are strongly 

correlated with each other since both of them contain rich information about the 

maximum Doppler frequency. The proof of the correlation between CTR and LCR

9 The variation of power control is equivalent to PCE.
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will confirm that the proposed CTR aided speed estimation technique is certainly 

valid.
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