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Abstract

The third generation mobile communication systems are based on Code
Division Multiple Access (CDMA) technology. The Wideband CDMA
technology is the European standard and will be a world standard for
third generation cellular systems.

Power control is the most important radio link control function in a
wideband CDMA system. The power control is divided into two parts:
fast power control and outer loop power control (quality control). Fast
power control is used to counteract the effect of fast fading by adjusting
the transmitting power of the mobiles in order to achieve a given Signal
to Interference Ratio (SIR) target. Outer loop power control is used to
maintain a certain quality in terms of Frame Error Rate (FER). This is
done by comparing a measured FER value with a FER target and using
the difference to regulate the SIR target used by the fast power control.

In this thesis an algorithm for the outer loop power control has been
studied and evaluated by simulations in a Matlab simulator called
CURT (CDMA UMTS Radio Network Tool). Different parameter set-
tings for this algorithm have been used and evaluated. 

Simulations have shown that a slow algorithm tracks FER target better
and has a lower standard deviation than a fast algorithm, whereas with
a fast algorithm a more effective regulation is obtained during too good
quality conditions.

Furthermore a theoretical value for the reverse link capacity has been
derived and compared to a simulated value. Simulations have shown a
capacity of 130 Erlangs in comparison to a theoretical value of 188
Erlangs. 
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1 Introduction

1.1 CDMA

The third generation mobile communication systems are based on Code
Division Multiple Access (CDMA) technology. The Wideband CDMA
technology is the European standard and will be a world standard for
third generation cellular systems. 

Previous systems have used either Frequency Division Multiple Access
(FDMA) or Time Division Multiple Access (TDMA) as multiple access
techniques. In a FDMA system each user has a dedicated frequency. In
the NMT mobile system 25 kHz channels are used for transmission
between base station and mobile station [1]. For full duplex speech
transmission two channels separated by more than 10 MHz are
employed for transmission base-mobile (downlink) and mobile-base
(uplink). Since the frequency band is divided into several narrowband
channels this system is a narrowband system.

In a TDMA system all users are using the whole bandwidth, but not at
the same time. A frequency is shared by a number of users, each one
transmitting in separate non-overlapping time slots. The GSM system is
using a number of 200 kHz FDMA channels, each one divided into 8
TDMA channels for speech transmisson [1]. Each time slot a burst con-
taining 114 information bits is transmitted. The data rate of the system is
271 kbit/s. Depending on implementation a TDMA system can be either
narrowband or wideband. 

In a CDMA system all users are transmitting simultaneously using the
same frequency spectra. An advantage as opposed to FDMA or TDMA
sytems is that no frequency or time management is required. The users
are separated from each other by different spreading codes that should
be orthogonal. In a real system with an increasing number of users it is
not possible to withhold this orthogonality and this causes the users to
interfere with each other. 

The interference is also due to multipath propagation and to synchroni-
zation problems. This interference is called Multiple Access Interference
(MAI). For a large number of users, MAI is often modelled as Gaussian
noise. If the number of users increases the noise level increases accord-
ingly. Thus the total number of users in a system must be limited. A
reduction in interference results in an increase in capacity. It is therefore
important to keep the interference level low in a CDMA system and this
can be achieved by using power control. The power control should aim
to adjust transmitted power to a minimum so that no more power than
necessary is radiated. Thus one of the main features in a CDMA system



is power control.

1.2 Power control

The power control is divided into two parts, fast power control and
outer loop control. The fast power control is used to counteract the
effects of fast fading by adjusting the transmitting power of the mobiles
in order to achieve a given Signal to Interference Ratio (SIR) target. 

Outer loop power control is used to maintain a certain quality in terms
of Frame Error Rate (FER). This is done by comparing a measured FER
value with a FERtarget and using the difference to regulate the SIRtarget
used by the fast power control.

1.3 Goal

The goal for this thesis is to implement and evaluate an outer loop
power control algorithm on a system level by extensive computer simu-
lations. The algorithm uses the measured FER value in figure 1, com-
pares it to a given FERtarget and adjust the SIRtarget. A theoretical limit
for the system capacity is derived and compared to the simulated value. 

1.4 Previous work

In [2] Olsson analyses different quality control algorithms by using link
level simulations. A linear controller is analyzed and simulated in [3]
and in [4] an algorithm for outer loop power control is presented.

1.5 Outline

In chapter two theoretical results for the capacity of a CDMA system are
obtained and finally a numerical result is presented. Thereafter in chap-
ter three the simulation model is described. Chapter four treats the con-
trol algorithm and in chapter five the simulations are discussed. 



2 Erlang capacity in a cellular CDMA system

2.1 Introduction

In this chapter formulas for calculating capacity in a single-cell CDMA
are presented. Furthermore a formula for calculating capacity in a cellu-
lar CDMA are introduced and finally a numerical result is found.

2.2 Capacity of the Reverse link in a single-cell CDMA system

In FDMA and TDMA the number of available frequency and time slots
are the limiting factors for the number of users. Blocking occurs when
the number of users exceeds the number of available frequency or time
slots. In CDMA the system is designed to tolerate a certain level of inter-
ference so the number of users is not strictly limited. Admission control
algorithms monitor the interference and rejects new mobiles if neces-
sary.

Assuming perfect power control at the base station, all users in a given
cell are power controlled by the same base station and ideally all user
signals are received with the same power S.

In a single cell with K users the total normalized noise plus interference
power, assuming perfect power control, is given by [5]

(2.1)

where  is a binomial variable used to represent the voice activity and
defined according to equation (2.2) ,  is the thermal noise power and S
is the power received by the base station.

(2.2)

The first term in (2.1) is interference normalized power and the second is
thermal noise power. The total interference plus thermal noise power
divided by thermal noise power should be lower than a prescribed
value,  , to achieve good quality in a CDMA system [5].

(2.3)
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dB.

The total noise power coming from the thermal noise and multiple
access interference can be expressed as [5]

(2.4)

where I0 is the total noise power, N0 is the thermal noise power and Ecj is
the energy per chip for user j.

Assuming perfect power control the energy per chip, Ec , will be equal
for all users. Ignoring thermal noise, equation (2.4) can be written as

(2.5)

The bit energy to interference ignoring thermal noise can be expressed
as

(2.6)

where the spreading gain Gp is definied as 

(2.7)

where Bw is the spread-spectrum bandwidth and Rb is the data rate.

If we take thermal noise into account equation (2.6) becomes

(2.8)

Capacity can be increased by reducing interference coming from other
users given by equation (2.4). One way to achive this is by using voice
activity monitoring and antenna sectorization. In a cell with three sector
antennas the capacity is roughly increased by a factor of three [5]. When
there is no voice activity the transmission is turned off. The voice activ-
ity factor denoted by α is definied as the ratio of the time that a speaker
is active to the total transmission time. The effective noise power in (2.5)
becomes α(Ks-1)Ec , where Ks is the number of users per sector. 

The bit energy-to-interference plus thermal noise ratio for a single cell
system using voice activity monitoring and antenna sectorization can be
written as [5]
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(2.9)

In order to get an expression for the good service condition we can use
equations (2.3) and (2.9) to form equation (2.10)

(2.10)

If we define a new parameter A ,

(2.11)

the good service condition (2.10) becomes

(2.12)

From equation (2.11) we can observe that a high value for A means that
we can accomodate more users in our system.

If we introduce a new parameter Z

(2.13)

the blocking probablity can be expressed as

(2.14)

Observing that Z is a sum of binomial distributed variables we can use a
central limit theorem approximation. Thus the blocking probablity can
be written as

(2.15)

Hence we need to find the expected value and standard deviation of the
random variable Z.

In order to compute the Erlang capacity of a single-cell CDMA system
we model the number of active users by a Poisson distribution
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where  is the offered average traffic measured in Erlangs, called the
occupancy parameter,  is the total average arrival rate from the entire
population of users and  is the average time per call. The mean
value and standard deviation of Pk can be expressed as [6]

(2.17)

(2.18)

The call service time  per user is assumed to be exponentially distrib-
uted so the probability that  exceeds T is given by

(2.19)

In [7] Viterbi has derived expressions for the expected value and stand-
ard deviation for Z. An expression for the blocking probability in a sin-
gle cell CDMA system assuming perfect power control is

(2.20)

where α is the voice activity factor.

2.3 Capacity of the Reverse link in a cellular CDMA system

In a cellular CDMA system the other users introduce interference into
the given cell. An expression for the mean normalized interference from
users in other cells divided by the number of users per cell is given in [5]

(2.21)

where  is a factor for the interference from other cells. 

Mobiles in neighbouring cells are assumed to have the same voice activ-
ity factor, α, as the users in the given cell and the same occupancy distri-
bution given by equation (2.16) with the parameter αλf/µ. The blockage
probability for a cellular CDMA can thus be written as [5]
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(2.22)

where the factor αλf/µ comes from neighbouring cells and αλ/µ comes
from the own cell making the total contribution αλ(1+f)/µ . Typical val-
ues for f are tabulated in [7] and lie in the range 0.44 to 0.91.

2.4 Capacity of the Reverse link with imperfect Power control

In a CDMA system the performance is highly dependent on factors such
as the power control algorithm, the speed of the adaptive power control
system etc. In [6] Viterbi derives a formula for the erlang capacity for a
CDMA system with imperfect power control.

(2.23)

where

(2.24)

(2.25)

In equation (2.24) and (2.25) σ represents power control inaccuracy and c
is a constant, c=ln(10)/10.
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2.5 Numerical results

Below the blocking probability is plotted as a function of offered average
traffic (λ/µ) for a system with σ=2.5 dB, α=0.4, η=0.1, f=0.55, Gp=28 dB
and Eb/I0=5.6 dB.

From figure 1 we can see that the offered average traffic for a blocking
probability of 1% is 188 Erlangs. This value should then be compared to
the simulated value in chapter 5.
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Figure 1. Blocking probability as a function of offered average traffic measured in 
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3 Simulation model

3.1 Introduction

In this chapter an overview of the simulation model is given and there-
after ideal power control, closed loop power control and finally outer
loop power control is discussed. The material in this section is mainly
based on [8].

3.2 Simulation model

CURT (CDMA UMTS Radio network Tool) has been used for all the
simulations. CURT uses two types of timesteps, the small time step
which is called a slot (currently 0.625 ms) and the normal time step dt
which consists of 32 slots making dt=32*0.625=20 ms. This is referred to
as a frame. 

In figure 2 a schematic view of curtdyn, the main function in CURT, is
shown. First all parameters are initiated, a cellplan and a log normal fad-



ing map is created and the fast fading models are read from disc. 

Before entering the main loop CURT creates and initates a number of
new mobiles equal to the average load to speed up the simulation. In the
main loop new mobiles are created and the log-normal fading map is
updated. Mobiles are assigned to a base station and thereafter power
control is done. A SIR value is calculated and if the value is below SIR-
target for a specified period of time, the mobile is removed. A special
parameter sets the time a link may be allowed to be below the required
SIR. Perfect SIR measurements and an ideal handover model are
employed. 

3.3 Propagation model

The propagation is modelled according to 

Init parameters
Create cellplan
lognormal map
Initiate mobiles

Loop, t=t+dt

- new mobiles are initiated
- update lognormal map
- base station assignment
- closed loop PC + outer loop PC 

 remove bad mobiles
- calculate sir
-

Finished ?
No

Figure 2. Schematic overview of the CURT simulator

Main loop uses 
time step dt=32*0.625=20 ms

Closed loop uses 
small time step, slot=0.625 ms

Outer loop uses dt=20 ms 



 [dB] (3.1)

where GD is the distance dependent gain, GF,slow is the log-normal (slow
varying) fading gain, GA is the antenna gain and GF,fast is the fast fading
gain.

3.4 Base station assignment

The parameters for base station assignment are shown in figure 5.

The mobile mi assigns to base station bk which has

(3.2)

where gi is a vector with all possible gains for the mobile mi such as

(3.3)

where B is the current number of base station in the system.

If the call is older than a specified time constant then the mobile i is also
assigned to any base station l of 1...B which fulfils equation (3.4)

 , (3.4)

where hm is the handover margin. There is a limit for how many base
stations a mobile is allowed to be connected to. If the number of base sta-
tions that fulfil equation (3.4) is greater than this limit the base stations

G GD GF slow, GA GF fast,+ + +=

mi+1 li+1,j+1

gi+1,j+1
gi+1,j

li+1,j

gi,j

li,j

gi,j+1

li,j+1mi

bj bj+1

m=mobile terminal
b=base station
g=gain
l=link

Figure 3. Basic parameters used in CURT
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with the highest gain are chosen.

No fast fading is considered in the base station assignment since we
assume that the gain information is filtered. Perfect gain measurements
are assumed and up- and downlink are assumed to be reciprocal.

There is no delay in handover except that it can only occurs at every
time step dt in figure 2. Instant handover (soft handover) is used when
the mobile finds a better link than the current one. 

CURT distinguishes between site and sector. When the mobile is con-
nected to two or more sectors within the same site it is called softer
handover, and if the mobile is connected with two or more sectors from
different sites it is called soft handover. In figure 4 a nine site system
with three sectors per site is shown. Each site has a three sectorized
antenna. 
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3.5 Fast fading

The fading from the carrier is modelled such that the RAKE receiver
adds the amplitude from all fingers (currently four fingers) and aver-
ages over a slot. The amplitude from one finger is assumed to be
Rayleigh distributed, but the added amplitude is not Rayleigh distrib-
uted [8]. 

The receiver perceives the signal differently depending on the velocity.
For example, the number of fading dips during one slot increases with
increasing velocity (increasing doppler frequency). Therefore we also
model the velocity impact. 

3.6 Calculation of SIR

The downlink SIR for link li,k (mobile i in base station k) is calculated as
[8]

(3.5)

where

- Fi,k is the fast fading gain for the received (wanted) signal

- ci,k the own carrier power

- B is the number of base stations

- Mb the number of users in the cell b

- cm,b is the received interference power from other cells

- Mk the number of users in the own cell k

- cm,k is the received interference power from links within the own
cell k

- β0 is the orthogonality factor for downlink interference within
the own cell (cell k), β0 < 1.0

- Prec is a constant that represents the received pilot power from all
base stations
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- βI is total interference factor, βI >1.0

All carriers from other cells and the pilot power from all cells create
interference. This interference is multiplied with the total interference
factor βI. The reason for this is that the carrier power and its fading gain,
Fi,k is modelled as the power coming from the RAKE receiver. When the
carrier acts as interference one must add the power the RAKE does not
catch. See further in [8].

The fraction β0 of the carrier power acts as interference in your own cell.
Notice that this also includes your own signal. For more information see
[8].

Without the fast fading component the downlink SIR for link li,k is calcu-
lated by setting Fi,k equal to one. 

The uplink SIR for link li,k with fast fading gain is defined as

(3.6)

with the same definitions as for the downlink. 

The uplink SIR for link li,k without fast fading is calculated by setting Fi,k
equal to one.

3.7 Closed loop power control

The closed loop power control is used in the fast fading mode with the
objective to keep the SIR as close as possible to the SIRtarget. This can be
described as

(3.7)

where  is the power at slot ,  is the SIRtarget,  is the current meas-
ured SIR and  is the step size.

All receivers measure the SIR and then send a Transmit Power Control
(TPC) command to the sender. This command is received by the sender
and the power is adjusted according to the TPC.

There is a delay, , between the SIR measurements and the actual adjust-
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ment of the power according to the received TPC command. Thus equa-
tion (3.7) is rewritten as

(3.8)
The closed loop power control is performed every slot in CURT (as in
WCDMA).

The transmitted power  is modified by the channel (  -
slow and fast fading gain,  - interference,  - noise).  is the received
SIR. The SIR is subtracted from the SIRtarget. That figure is subject to the
sign function. This creates the TPC bits (up or down) which will be sent
back to the transmitter. The TPC command is delayed with  slots. 

The model described above does not include errors, for example the
TPC bit errors and the SIR measurement errors. However, these errors
are included in the CURT simulator.
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Figure 5. Closed loop and outer loop power control according to formula (3.9)
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3.8 Outer loop power control

The goal of the open loop power control is to keep the Bit Error Rate
(BER) or FER at a constant level. This is done by adjusting the SIRtarget
at some rate, usually not faster than every frame. The SIRtarget adjust-
ment can be based on FER, BER or average SIR (e.g. over a frame). The
SIRtarget adjustment is delayed with  frames, that is it is not possi-
ble to adjust the SIRtarget of the current frame. Therefore we may
rewrite equation (3.8) as

(3.9)

where the SIRtarget γ is delayed with f no. of frames and d no. of slots
(see figure 5). 

The input parameter to the outer loop power control is measured FER.
This value is subtracted from FERtarget and SIRtarget is adjusted
according to the difference (FERtarget - FER). The mapping from SIR to
frame error (through raw BER) is described in the following section. For
more information see [8] and [9].

3.8.1 SIR to raw BER mapping

Raw BER is used for three different purposes in CURT for the link to
system level interface. It produces a bit error pattern that is used to dis-
tort the fast power control commands. It could be used to estimate BER
for use in faster system management algorithms such as the outer loop
power control and it is used for the mapping into frame error rate.

The mapping between SIR and raw BER is implemented as lookup
tables in CURT. Simulations have shown that when looking at BERraw
and SIR at a slot rate, velocity does not affect the mapping significantly
[8]. 

3.8.2 Raw BER to frame error mapping

Using the raw BER values we calculate the mean and standard deviation
of BER. Expressions for the mean value and standard deviation have
been derived in [8]. The mean value can be expressed as 

(3.10)

where  is the estimated mean value for BERraw over n slots, each
with the bit error probability Pbi.

An expression for the standard deviation is 
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(3.11)

where  is the estimated standard deviation for n slots of k bits each.
See [8] for a complete derivation of equation (3.11).

A frame error probability vector (fep) is then extracted as a table lookup
of the mean and standard deviation of raw BER. To find out whether a
frame is erronously or not a uniformly distributed random vector is
compared to the frame error probability according to equation (3.12).

(3.12)

where frameerror is a vector containing ones and zeros where a one indi-
cates a frame error, random(size(fep))) is a uniformly distributed random
vector and fep is the frame error probability. Finally the outer loop
power control algorithm will calculate the frame error rate (FER).
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4 Control algorithm

4.1 Introduction 

In this section the quality control problem is presented and the Check
Redundancy Checksum - No Good (CRC-NG) algorithm and its param-
eters are discussed. Furthermore the proportional regulator is described
and finally outer loop power control (Quality control) and fast power
control is treated.

4.2 The quality control problem

The quality control problem can be described according to figure 6.

The output signal, y, is subtracted from the reference signal, r, and then
sent to the regulator, where a new control signal, u, is sent to the system.
The system is disturbed by noise, n. For our control problem the output
signal (the quality indicator) is FERest = measured FER, the reference sig-
nal is FERref = FERtarget and n is equal to disturbances in form of system
variations.

In figure 7 quality control is shown together with fast power control
(TPC). The fast power control compensates for interferers, n2, such as
the interference and Rayleigh fading. Quality control compensates for
changes of the whole system, n1. Comparing with figure 6 we can see
that the regulator box is called Quality control, SIRref has been replaced
by SIRtarget and the system box has been replaced by the closed loop

Figure 6. The control problem

SystemRegulator
r

FERref
+

u

SIRref

+

-

n

y

FERest



power control (TPC) working on the system.

4.3 The CRC-NG algorithm

The algorithm implemented is called Check Redundancy Checksum No
Good (CRC-NG) algorithm. The following parameters have to be speci-
fied: OL_wait_frames, Max_allowable_fe and Measurement_cycle.

• OL_wait_frames is the number of frames before the measurement
is started. 

• Max_allowable_fe is the maximum number of frame errors that
can occur before a frame error value is calculated 

• Measurement_cycle defines the number of frames under which a
measurement is done

Below is an example on how frame error per measurement cycle (FEMC)
is calculated. In this example the following settings were used,

+ +
+

Quality 
Control TPC System

n1

n2

FERtarget SIRtarget
++

--

FER

SIR

Figure 7. Block diagram of quality control together with fast power control (TPC)

FER



OL_wait_frames=2, Max_allowable_fe=4 and Measurement_cycle=20. 

4.4 Parameter descriptions

4.4.1 OL_wait_frames

The parameter OL_wait_frames can be set to some value in order to delay
the outer loop power control. This allows the closed loop to set SIRtarget
without the outer loop for a short period of time. 

4.4.2 Max_allowable_fe and Measurement_cycle

In we want to be able to fast detect if the channel becomes bad
Max_allowable_fe and Measurement_cycle may be set to

Max_allowable_fe = Measurement_cycl target + 1 (4.1)

For example, if N=300, FERtarget=2%, Max_allowable_fe=7. 

Parameter Value

OL_wait_frames 2

Max_allowable_fe 4

Measurement_cycle 20

Table 1. Parameter setting in the example. This setting is 
not for pratical usage

0x0000x000000x000000x0000x0x0xx00x0x00000000000000000

OL_wait_framest=0

FEMC = 3/20 = 15%
FEMC = 4/9 = 44% FEMC = 2/20 = 10%

Figure 8. Frame error sequence for the parameter setting in table 1. Correct frames are 
marked with 0 and erroneous frames with x.

e FER⋅



4.5 Proportional regulator

The regulator used in the simulations is a proportional regulator.

For the proportional regulator the relationship between DeltaSIRtarget
and measured FER is linear in a certain region as described in figure 12.
If the quality is too good (a low FER value) the algorithm will decrease
SIRtarget according to DeltaSIRtarget_1 and if the quality is too bad (a
high FER value) SIRtarget will be increased by DeltaSIRtarget_2. If there
has not been any errors during a measurement period (too good quality
conditions) the algorithm will lower SIRtarget with DeltaSIRtarget_1. If
measured FER is at FERtarget the algorithm will not change SIRtarget at
all. The new SIRtarget will be computed according to equation (4.2)

target = previous SIRtarget + DeltaSIRtarget (4.2)

DeltaSIRtarget (dB)

DeltaSIRtarget_1

DeltaSIRtarget_2

FER_1

FER_2

log10(MeasuredFER)

Figure 9. DeltaSIRtarget as a function of FER

FERtarget

SIR



4.6 Outer loop power control and Fast Power Control

SIR is measured each slot and a TPC command based on the difference
between SIRtarget and SIR is sent to the sender. The sender receives the
command and adjusts the transmitting power accordingly. After a
period of 32 slots the mean value, µBER , and standard deviation, σBER ,
of BER is calculated. From these measures a frame error probability is
extracted from a table lookup and by use of a random sequence a frame
error sequence is calculated. FER is measured and compared to FERtar-
get in the outer loop and SIRtarget is changed according to the differ-
ence (FERtarget - FER). This is called Quality control and is done on a
frame basis. 

measure SIR

send TPC command=

receive TPC

adjust power

measure FER

compare 
FER to FERtarget

sgn(SIRtarget-SIR)

Change  SIRtarget

Loop

32 slots
No

Yes

Outer loop power control Fast Power Control 

µBER σBER

Figure 10. Outer loop power control (Quality control) and Fast Power Control

(Quality Control)



5 Simulations

5.1 Introduction

In this section the simulations will be presented. First a velocity simula-
tion without the outer loop is treated, thereafter some different settings
for the proportional algorithm is discussed and finally a result from a
capacity simulation is presented.

5.2 Velocity simulations

Figure 11 shows the quality (FER) as a function of velocity with no outer

loop algorithm. A number of simulations with different mean velocities
but with constant SIRtarget has been run and mean FER has been
logged. Figure 11 shows that quality is decreasing with increasing veloc-
ity up to 15 m/s where the quality levels out. This means that the closed
loop has good tracking performance at low velocities. The reason why
FER does not reach a worse value in figure 11 is because of the Vehicular
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Figure 11. Downlink FER as a function of velocity with no outer loop power control



A channel [10] which is a rather nice channel. If instead the Outdoor to
indoor channel would have been used we might would have reached a
higher FER value.

Figure 12 shows the SIRtarget as a function of velocity with outer loop
power control employed for a FERtarget at 2%. This simulation shows
how the outer loop is able to change the SIRtarget for different velocities
in order to hold FERtarget at 2%. 

5.3 Test of the CRC-NG algorithm

5.3.1 Parameter settings

Simulations have been performed for simulation cases s2, s3 and s7 with
parameter settings according to table 2. The names of the different simu-
lation cases have been chosen in order to show the maximum allowable
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Figure 12. SIRtarget as a function of the velocity with outer loop power control



frame errors each simulation case can tolerate.

Max_allowable_fe and Measurement_cycle have been set to different values
to evaluate the differences between a fast and slow control loop.
DeltaSIRtarget_1 and DeltaSIRtarget_2 has been set to a value corre-
sponding to Measurement_cycle in order to make a fair comparison. That
is, consideration has been taken to assure that the different simulation
cases all work on the same bandwidth, see figure 13. FER_1 and FER_2
has been set to values according to figure 9. Finally FERtarget has been
chosen to 2% since that is a common figure for speech transmissions [2].

Parameters
Simulation cases

s2 s3 s7

OL_wait_frames 2 2 2

Max_allowable_fe 2 3 7

Measurement_cycle 50 100 300

DeltaSIRtarget_1 (&2) (dB) +-1/6 +-1/3 +-1

FER_1 0.002 0.002 0.002

FERtarget 0.02 0.02 0.02

FER_2 0.2 0.2 0.2

Table 2. Parameter settings for the different simulation cases s2, 
s3 and s7



A FERtarget at 2% corresponds to a BER at 10-3. See appendix A for other

system parameter settings for the simulations. In figure 13 DeltaSIRtarget
is shown for a scenario where all parameter settings are reaching
Max_allowable_fe during a measurement cycle. Thus they will regulate
according to the maximum value by which they are allowed to change
SIRtarget, that is 1/6 dB for parameter setting s2, 1/3 dB for parameter
setting s3 and 1 dB for parameter setting s7. 

To see it from another point of view the change in DeltaSIRtarget per
frame has been calculated for the three simulation cases in table 3. Both
figure 13 and table 3 shows that all simulation cases have the same pos-
sibility to change SIRtarget during a large number of frames. This fact

300150

DeltaSIRtarget (dB)
1

1/6

Figure 13. DeltaSIRtarget for the different simulation cases in table 2 assuming 
Max_allowable_fe is reached during each measurement cycle

s2

s3

s7

number of frames



justifies the comparison done in the next chapter.

5.3.2 System simulation

The simulations were done with FERtarget set to 2%, the speed of the
mobiles was 10 m/s and a 9 site system with an average offered traffic of
30 calls/base station was used. The simulation time was 60 seconds for
all the simulations. 

Figure 14 is a plot of the cumulative density function for average FER for
the different simulation cases. From the figure we can see that s2 keeps
average FER at 2.8 % for 12% of the users, s3 keeps average FER at 2.3%
for 8% of the users and s7 keeps average FER at 2.1% for 12% of the
users. The standard deviation does not differ significantly among the

Simulation
 case

DeltaSIRtarget 
(dB)

FER_measurement
cycle (frames)

Bandwidth/
frame (dB)

s2 1/6 50 1/300

s3 1/3 100 1/300

s7 1 300 1/300

Table 3. Bandwidth per framfor the different simulation cases s2, s3 
and s7



parameter settings.

In table 4 the mean value and standard deviation for FEMC for the

whole system has been tabulated.

Simulation case FER=mean(FEMC) std(FEMC)

s2 0.028 0.16

s3 0.023 0.15

s7 0.021 0.14

Table 4. Mean value and standard deviation for FEMC for the 
different simulation cases
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Figure 14. Downlink average FER for different parameter settings



In figure 15 - 18 SIRtarget and FEMC for a link have been plotted for the
different simulation cases. The following rules should be kept in mind
while studying figures 15-18. 

• FEMC=number of frame errors detected/Measurement_cycle. This is
the frame error rate as seen by the outer loop as oppose to FER
which is calculated over the whole simulation time. 

• If no frame error has been detected during a Measurement_cycle
the algorithm will lower SIRtarget (too good quality conditions)

• If FEMC=2% the algorithm will not change SIRtarget

• If Max_allowable_fe has been reached before Measurement_cycle is
finished the FEMC value will be calculated as
FEMC=Max_allowable_fe/number of frames

In figure 15 SIRtarget and FEMC for a link are plotted for simulation

0 500 1000 1500 2000 2500 3000
−21.3

−21.2

−21.1

−21

−20.9

−20.8

−20.7

−20.6

s2
 S

IR
ta

rg
e

t 
d

l (
d

B
)

frames

SIRtarget and FEMC s2

0 500 1000 1500 2000 2500 3000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

s2
 F

E
M

C
 d

l

frames

Figure 15. SIRtarget and FEMC for simulation case s2. The dashed line corresponds to 
FEMC=2%



case s2. From this plot we can see three high values for FEMC, see table
5.

The reason why s2 can achieve such high values is due to its low value
for Max_allowable_fe. The highest value in table 5 comes from a situation
where 2 frame errors occured during 3 frames. In table 6 different FEMC
values for different number of frame errors and measurement periods
have been tabulated. From this table we can see that s2 is most likely to
increase SIRtarget. The only situation where s2 will lower SIRtarget is
when there are no frame errors present, that is during too good quality

Frame FEMC

1407 0.33

1884 0.40

2112 0.67

Table 5. The three highest values for 
FEMC for simulation case s2



conditions. 

In figure 16 SIRtarget and FEMC are plotted for simulation case s3.

Frame error Measurement
 period FEMC Change in 

SIRtarget

1 50 0.02 0

2 50 0.04 +

2 3 0.67 +

Table 6. Changes in SIRtarget for simulation case s2
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Figure 16. SIRtarget and FEMC for simulation case s3. The dashed line corresponds to 
FEMC=2%



In a comparison with simulation case s2 we can observe that s3 does not
have such high values as s2 due to its higher value for Max_allowable_fe. 

Furthermore we can observe that s3 is most likely to increase SIRtarget

but if one frame error occurs during a whole measurement period s3

Frame FEMC

527 0.09

2768 0.14

694 0.16

Table 7. The three highest values for FER 
for simulation case s3

Frame error Measurement 
period FEMC Change in 

SIRtarget

1 100 0.01 -

2 100 0.02 0

3 100 0.03 +

3 4 0.75 +

Table 8. Changes in SIRtarget for simulation case s3



will lower SIRtarget.

Figure 17 shows SIRtarget and FEMC for simulation case s7.

In table 9 the highest FEMC values for s7 have been tabulated. We can

see that they are much lower than the corresponding values for s2 and

Frame FEMC

2333 0.028

535 0.030

2087 0.100

Table 9. The three highest values for 
FEMC for simulation case s7
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Figure 17. SIRtarget and FEMC for simulation case s7. The dashed line corresponds 
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s3. 

From table 10 we can see that if 1 through 5 frame errors occurs during a
measurement period SIRtarget will be lowered, whereas if 7 frame
errors are detected during 8 through 300 frames SIRtarget will be
increased. 

In figure 18 a plot of the cumulative density function for SIRtarget is
shown for the different parameter settings. From figure 17 we can
observe that s2 and s3 are much faster regulators than s7 and therefore

Frame error Measurement
 period FEMC Change in 

SIRtarget

1 300 0.003 -

6 300 0.02 0

7 300 0.023 +

7 8 0.87 +

Table 10. Changes in SIRtarget for simulation case s7



they are able to vary SIRtarget with a higher precision than s7. 

A simulation has been done to see how good the algorithm is to track
changes in mobile velocity. Mobiles travelling with different velocities
have been simulated and SIRtarget and velocity is plotted for one link,
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Figure 18. Downlink SIR target for different parameter settings



see figures 19-21. 

From figure 19 we can see that s2 is following the variations in speed
quite smoothly since it has the ability to change SIRtarget fast and by
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Figure 19. SIRtarget, velocity and FEMC for s2. The dashed line corresponds to 
FEMC=2%.



small steps. 

From figure 20 we can observe that s3 is good at tracking the velocity
changes since it is also a fast regulator and has a rather short measure-
ment period. 
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Figure 21 shows SIRtarget and velocity for s7. Since this is a slow algo-

rithm it has some difficulties in tracking the changes in the velocity as
can be seen in figure 21. It also has difficulties to lower SIRtarget. 
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In table 11 the mean value and standard deviation for FEMC for the link

simulated in figures 19 through 21 has been tabulated. 

The conclusion from those graphs is that the faster algorithms s2 and s3
seem to handle variations in the velocity best.

From table 4 s7 seems to be the best parameter setting since it has the
best mean value and standard deviation for FEMC. A disadvantage with
this parameter setting is apparent during too good quality conditions. In
such a situation the regulator has to wait 300 frames until it can lower
SIRtarget, whereas for s2 the regulator only has to wait 50 frames. This
can also be seen from the CDF plot of SIRtarget, figure 18, where s2 and
s3 has lower mean SIRtarget than s7.

5.4 Capacity simulation

The capacity simulation has been performed for the following parame-
ters σ=2.5 dB, α=0.4, Gp= 28 dB and Eb/I0=5,6 dB. The capacity simula-
tion has only been investigated for parameter setting s2 due to time

Simulation
 case FER=mean(FEMC) std(FEMC)

s2 0.037 0.19

s3 0.030 0.17

s7 0.026 0.16

Table 11. Mean value and standard deviation for FEMC 
for the link simulated in figures 18 - 22



considerations. TPC bit errors are included in this simulation. 

In figure 22 the mean value of FEMC as a function of offered average

traffic has been plotted. We can see a knee at offered average traffic of 65
Erlangs where the outer loop no longer is able to hold FER at 2%. Thus
the maximum capacity is reached at 65 Erlangs. 

In chapter 2.5 a theoretical value for the capacity was calculated to 188
Erlangs/cell . The theoretical model assumes discontinous transmission
which is not included in CURT. This will give a difference of a factor 2 in
a comparison between the theoretical and the simulated value, see table
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12. 

This is a rather coarse comparison but it can still give some justification
of the simulated value. 

Theoretical value 188 Erlangs

Simulated value 65 * 2 = 130 Erlangs

Table 12. Comparison between the theoretical 
capacity and the simulated capacity



6 Summary

6.1 Conclusions

In this thesis a regulator used in the outer loop power control in a wide-
band CDMA system has been evaluated. The regulator is a proportional
regulator using the CRC-NG algorithm in order to change its output sig-
nal (SIRtarget) depending on the value of its input signal (FERtarget -
FER), see figure 23. 

A measure of the quality of the regulator is how close it can keep a given
FERtarget. Three different parameter settings for the CRC-NG algorithm
have been investigated. Simulations have shown that a slow algorithm
tracks FERtarget better and has a lower standard deviation than a fast
algorithm, whereas with the fast algorithm a more effective regulation is
obtained during too good quality conditions. This is due to the fact that
the fast algorithm does not have to wait as many frames as the slow
algorithm before it can start to regulate during too good quality condi-
tions.

Furthermore a theoretical value for the reverse link capacity has been
derived and compared to a simulated value. Simulations have shown a
capacity of 130 Erlangs in comparison to a theoretical value of 188
Erlangs. 

6.2 Future studies

In this thesis a regulator that uses FER as quality indicator has been
used. It could be interesting to make further studies on other types of
regulators to see whether there are any improvements to be made by
using a different type of regulator. For some suggestions on other types
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Figure 23. Block diagram of quality control together with fast power control (TPC). n1 
represents interference and Rayleigh fading and n2 represents disturbances from the 
whole system
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of regulators see [2]. 

It could also be of interest to investigate other quality indicators such as
BER. In this way we will not have the long measurement times as with
the FER based regulator. 
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Appendix A: Parameter settings

SYSTEM 
PARAMETERS FOR 

s2
Value Comment

R_sps 3  1=omni, 3=sector per site

R_ncell 1  Reuse; should always be set 
to 1

R_ncluster 4  Number of sites equals 
ncluster^2

R_cellradius 2000  Cell radius [m]nk = 1; 

R_hm 3  Handover margin [dB]

R_offtraf 30  Average number of offered 
calls/base station

R_mht 120  Mean holding time when 
calls are not interrupted [s]

R_amean 8  Average speed change 
during 1s [m/s2]

R_vmean 10  Average mobile speed 
(Rayleigh distributed) [m/s]

R_velocity  []  Special velocity for some 
MSs. 

R_dl_sir_target db2lin(7.6 - 
25.26 -3) R_dl_sir_target 

R_ul_sir_target db2lin(5.0 - 
25.26)

R_ul_sir_target 

R_FER_target_DL  0.02  speech at FER= 2%

R_FER_target_UL 0.02  speech at FER= 2%

R_OL_wait_frames 2 Do not start Outer Loop 
until 3 frames 

Table 13. System parameters for s2



R_max_consecutive_
fe

2 When no Frame errors is grt 
than this parameter - change 

SIR target!

R_fer_measurement
_cycle 

 50  Frame error Measurement 
cycle

R_deltaebiotarget_1 -1/6  Stepsize down

R_deltaebiotarget_2  1/6 Stepsize up

R_fer_1  0.002 lower limit for the linear 
region 

R_fer_2  0.2 upper limit for the linear 
region

R_tstop  60 Simulator stop time [s]

SYSTEM 
PARAMETERS FOR 

s2
Value Comment

Table 13. System parameters for s2



Appendix B: Abbreviations
BER Bit Error Rate

CDMA Code Division Multiple Access

FDMA Frequency Division Multiple Access

FER Frame Error Rate

FERest Estimated FER

FERref FER reference value

FEMC Frame Error per Measurement Cycle

MAI Multiple Access Interference

SIR Signal to Interference ratio

SIRest Estimated SIR

SIRref SIR reference value

TDMA Time Division Multiple Access

TPC Transmit Power Control
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