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ABSTRACT

A method for optimising forward link coverage in a cell of a CDMA network is 

disclosed, comprising the steps of: determining parameters related to forward 

link coverage of the cell; collecting data on RSSI, Ec/Io, FFER and chip delay in 

5 said cell during a field test; analysing the field test data to determine shadow 

areas where a predetermined quantity of data on RSSI, Ec/Io or FFER do not 

meet predetermined threshold values; adjusting at least one of said parameters 

to address any shadow areas; determining whether said shadow areas exceed 

a desired percentage of the total cell area; and determining whether the forward 

10 and reverse links are balanced and if they are not balanced adjusting at least 

one of said parameters to balance said links.
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TITLE

“Method For Optimising Forward Link Coverage In A CDMA Network”

FIELD OF THE INVENTION

This invention relates to a method for optimising forward link coverage in CDMA 

5 networks.

BACKGROUND ART

Coverage optimisation is one of several optimisations that can be performed on 

a CDMA network. Coverage optimisation is divided into forward link coverage 

optimisation and reverse link coverage optimisation.

10 Conventional forward link coverage optimisation methods expand the forward 

link coverage when the forward link coverage is less than the reverse link 

coverage by increasing the radiated power of the pilot signal by simply adjusting 

transmitter attenuation (TX_ATTEN). Similarly, when the forward link coverage 

is greater than the reverse link coverage, such methods reduce the forward link

15 coverage by decreasing the radiated power of the pilot signal by simply adjusting 

TX_ATTEN.

If adjusting the radiated power is not sufficient to control the forward link 

coverage, the height and tilt of the antenna is adjusted taking into account the 

height of the base station and the height of the neighbouring buildings.

20 Where interference between neighbouring base stations occurs, the tilt of the 

antennas of one or both base stations are typically adjusted by three to five 

degrees downwards to reduce the interference.

Also, the main direction of the antenna has been adjusted towards a main street
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ίο increase the strength of received signals by mobile stations or to improve the 

success rate of handoffs.

Existing methods for optimising coverage in CDMA networks do not achieve 

maximum performance of the CDMA network because the methods only adjust 

5 the maximum output level of the base station.

DISCLOSURE OF THE INVENTION

Throughout the specification, unless the context requires otherwise, the word 

“comprise” or variations such as “comprises” or “comprising”, will be understood 

to imply the inclusion of a stated integer or group of integers but not the 

10 exclusion of any other integer or group of integers.

In accordance with one aspect of this invention, there is provided a method for 

optimising forward link coverage in a cell of a CDMA network, comprising the 

steps of:

determining parameters related to forward link coverage of the cell;

15 collecting data on RSSI, Ec/Io, FFER and chip delay in said cell during a

field test;

analysing the field test data to determine shadow areas where a 

predetermined quantity of data on RSSI, Ec/Io or FFER do not meet 

predetermined threshold values;

20 adjusting at least one of said parameters to address any shadow areas;

determining whether said shadow areas exceed a desired percentage of 

the total cell area; and
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they are not balanced adjusting at least one of said parameters to 

balance said links.

Preferably, the step of determining parameters comprises the step of estimating 

a maximum path loss using a model.

5 Preferably, the model includes compensation for morphology of the cell.

Preferably, the step of determining parameters further comprises the step of 

determining the azimuth, tilt, gain and type of a base station’s receive and/or 

transmit antenna.

Preferably, the step of determining parameters further comprises the step of

10 determining the digital gain for overhead channels and for each traffic channel.

Preferably, the overhead channels comprise a Pilot Channel, a Sync Channel 

and a Paging Channel, and the digital gains are chosen to satisfy the condition 

Pilot_Coverage = TrafficChannel_Coverage.

Preferably, the digital gains are chosen to satisfy the condition Pilot_Coverage 

15 <= SyncChannel_Coverage.

Preferably, the digital gains are chosen to satisfy the condition Pilot_Coverage 

<= PagingChannel_Coverage.

Preferably, the step of determining the digital gain includes the step of checking 

that the power output per frequency assignment per sector is equal, and if it is 

20 not equal, adjusting the corresponding power output.

Preferably, the step of determining parameters further comprises the step of 

determining forward power control parameters for the cell, including

Max_Tx_Gain, Min_Tx_Gain, Big_Up_Delta and Small_Up_Delta. 
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Preferably, the method further comprises the step of adding orthogonal carrier 

noise to said cell during the field test.

Preferably, the step of analysis comprises dividing the cell into a plurality of unit 

areas and analysing the field test data on a unit area-by-unit area basis.

5 Preferably, said step of analysis includes considering a unit area to be a 

coverage area if a predetermined quantity of data on RSSI, Ec/Io or FFER for 

the unit area meet the predetermined threshold values.

Preferably, a unit area is considered a shadow area if less than the 

predetermined quantity of data on RSSI, Ec/Io or FFER for the unit area meet 

10 the predetermined threshold values.

Preferably, the predetermined quantity is ninety five percent.

Preferably, the step of adjusting at least one of said parameters comprises, 

where shadow areas are caused by RSSI not meeting its respective threshold, 

adjusting one or more of: azimuth of the antenna, tilt of the antenna, 

15 Max_Tx_Gain of the forward power control parameters, TX_ATTEN of the base 

station.

The method as claimed in any one of the preceding claims, wherein said step of 

adjusting at least one of said parameters comprises, where shadow areas are 

caused by Ec/Io not meeting its respective threshold, adjusting at least one of: 

20 azimuth of the antenna, tilt of the antenna, power output of adjacent cells.

Preferably, said step of adjusting at least one of said parameters comprises, 

where shadow areas are caused by FFER not meeting its respective threshold, 

adjusting at least one of: Max_Tx_Gain, Min_Tx_Gain, Big_Up_Delta and 

Small_Up_Delta of said forward power control parameters.
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Preferably, said step of adjusting at least one of said parameters further 

comprises, where shadow areas are caused by FFER not meeting its respective 

threshold, measuring noise floor over the forward link and resolving noise 

sources.

5 Preferably, said step of collecting data includes collecting chip delay data, said 

method further comprising the step of, after the step of adjusting at least one of 

said parameters, comparing said field test data on chip delay with a further 

threshold and noting areas where a predetermined quantity of said data does 

not meet the further threshold, and adjusting at least one of: the tilt and azimuth 

10 of antenna and the output of neighboring base stations.

Preferably, the step of determining the presence of any shadow areas comprises 

the steps of:

collecting further data on RSSI, Ec/Io, FFER and chip delay in said cell 

during a further field test;

15 analysing the further field test data to determine shadow areas where a

predetermined quantity of data on RSSI, Ec/Io or FFER do not meet the 

predetermined threshold values.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference to one embodiment thereof 

20 and the accompanying drawings, in which:

Figures 1a and 1b show a flow chart illustrating the method for optimising 

forward link coverage in a CDMA network according to the embodiment.
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BEST MODE(S) FOR CARRYING OUT THE INVENTION

Equation 1 below is used to determine the size of a cell over the forward link in a 

CDMA network.

C p C C Πί
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In Eqn. 1, ECIN, is the ratio of pilot signal chip energy to a mobile station’s total 

input power spectral density, ζp is the fraction of a cell’s transmit power 

allocated to the pilot channel, Pc is cell transmit power (W: Watts), W is 

bandwidth, Gc and Gm are antenna gain of cell and mobile station respectively, 

including cable losses, L is the propagation loss over the forward link, (NoW)m 

is thermal noise power at the mobile station’s amplifier input, I0W is interference 

power due to same-cell transmissions, wherein the same-cell means a cell 

where the mobile station is located, and IXW is interference power due to other

cell transmissions.

One factor that determines the size of a cell over the forward link is the 

maximum tolerable propagation loss, LMAX. LMAX is related to the antenna gain of 

the base station and mobile station, noise, interference and transmit power of 

the base station.

Optimising the forward link coverage involves ensuring that the transmission loss 

over the forward link does not exceed the maximum tolerable propagation loss 

on the forward link LMAX. However, the coverage area over the forward link is also 

influenced by interference from other cells as well as other mobile stations within 

the same cell, propagation loss between the mobile station and interference 

sources, cell loading and traffic distribution within the CDMA network. As such, 

the maximum tolerable transmission loss LMAX, provides an initial value,
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determined from simulation, for determining the CDMA network parameters. 

Further refinement of the network parameters to optimise the network is the 

performed on the basis of field measurements. This method is described in 

detail below.

5 Estimating The Maximum Path Loss

A model of path loss used to estimate the maximum path loss is selected as the 

first step. If a model was used during design of the network, it is preferred that 

the same model is used during optimisation of the forward link coverage. For 

the purposes of the embodiment, a modified Hata model is adopted as follows:

10 Path loss Lmh = Lp+S0+ax+Sks+Bo

where Lp = 69.55 + 26.161og/c -13.821og(//,) = [44.9-6.551og(J/,)]log10J

5o=(l-C/r)[(l-2L/r)Lpo+4i/r£pJ

ax=(\-U)a{Hm) + U[a2{Hm)Fx + a4(7/JF2]

17(7/,+20)
17(//, +20)+//2

J + 1.3-

15 Bo = 251og(B,) -30 

r 3004
1 /4 +3004

/4
/4 +3004

So represents a suburban/urban correction, ax represents an overall height

correction, Sks represents a correction for the earth’s curvature, Bo represents a 

correction for the percentage of buildings, and F., and F2 are transition functions. 
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Below is a table of parameters used in the modified Hata model and their range 

if validity.

Parameter Definition Range of validity

Hb Height of base antenna, m 30-300

Hm Mobile antenna height, m 1-10

U 0 = small/medium, 1 = large Oor 1

Ur 0 = open area, 0.5 = suburban, 1 = urban 0-1

B1 Percentage of buildings in the area 3-50

(B1 = 15.849 nominally)

d Range, km (not beyond the horizon) 1 -100

f Frequency, MHz 100-3000

Reference: “Radiowave Propagation And Antennas For Personal

Communications”, Kazimierz Siwiak, Chapter 7, pages 132 -134.

5 Values for the parameters are chosen based on the morphology of the 

surrounding area and the frequency of operation of the base station. This is 

shown in figure 1a as step s10.

The maximum path loss provides an initial basis for designing the network and 

deriving the parameters related to forward

io Determining Antenna Parameters

Next, the azimuth, tilt, gain and type (sector/omni) of the base station’s antenna 

are determined having regard to the morphology of the area, the amount of 

traffic and the neighbouring cells. This is shown in figure 1a at step s20.

Determining The Digital Gain For Each Channel

15 The total radiated power of the base station is then allocated between the
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overhead channels and traffic channels. The overhead channels include a pilot 

channel, a sync channel and a paging channel. Power is allocated to the 

overhead channels, and the remaining power is distributed amongst the traffic 

channels. A digital gain corresponding to the power for each traffic channel is 

5 then calculated. This is shown in figure 1a at step s30.

For example, for a base station with a total power output of 20 Watts, power is 

allocated as follows. Firstly, the digital gain is calibrated such that a digital gain 

of 127 corresponds with an output power of 5 Watts. A calibration constant is 

calculated as----- — = 0.31mFFaw .
1272

io Power is firstly distributed to the overhead channels as follows.

Channel Digital gain Power % of Total Power

Pilot channel 108 3.62 W 18.1%

Sync channel 34 0.36 W 1.84%

Paging channel 95 2.8 W 14.3%

As shown in the above table, the overhead channels account for 34.2% of the 

total power, or 6.78W. The remaining power, 13.22W, is distributed evenly 

between the traffic channels. Assuming 21 traffic channels,

. rr· . . 13.22FFartpower per traffic channel =------------- = 0.629fFaw

15 digital gain for each traffic channel = 0.629fKflrt
0.3 hnWatt

In the example above, it is assumed that a maximum of 21 traffic channels will 

be used in the base station. The power not allocated to the overhead channels 

is divided amongst the 21 possible traffic channels to arrive at a power allocation 

per traffic channel. Using the calibration constant, the digital gain for each traffic
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channel is then determined.

It is preferred that the power allocated to the overhead channels meets the 

following conditions:

• Pilot coverage = traffic channel coverage;

5 · Pilot coverage < sync channel coverage;

• Pilot coverage < paging channel coverage.

Determining The Output Per FA/Sector

Where the base station operates on more than one frequency assignment (FA) 

or where the antenna type is a sector antenna, the power output for each FA per 

10 sector is totalled and compared. If necessary, adjustments are made to the 

power allocated to the traffic and/or pilot channels so that the output per FA per 

sector is equal. Equal output is required for hard handoffs, since the coverage 

for each FA must be the same to prevent dropped calls. This is shown in figure 

1a at step s40.

15 Adding Orthogonal Channel Noise

Next, an orthogonal channel noise simulator (OCNS) is used to introduce 

orthogonal channel noise into the cell. This is done to simulate traffic within the 

cell at a desired level when the field test (described below) is conducted. This is 

shown in figure 1a at step s50.

20 Establishing Forward Power Control Parameters

The forward power control parameters of the base station are established and 

recorded. The parameters include Nominal_Gain, Max_Tx_Gain,
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FER_Threshold, Big_Up_Delta and Small_Up_Delta. This is shown in figure 1a 

at step s60.

Performing A Field Test And Analysing The Results

Next, data is collected from a mobile station as it is driven around the cell, shown 

5 in figure 1a at step s70. Data is collected concerning the received signal 

strength indicator (RSSI), Ec/Io (pilot chip energy to total power spectral density), 

FFER (forward frame error rate) and chip delay.

To analyse the collected data, it is preferred that the cell is divided into a plurality 

of unit areas each of which are 10 metres by 10 metres. The data obtained 

io during the field-test for each unit area is analysed to determine the percentage of 

the data that satisfies predetermined criteria for service coverage. If ninety five 

percent of the data satisfies the criteria for service coverage, the unit area is 

considered to be a coverage area, otherwise the unit area is considered to be a 

shadow area.

15 The criteria for service coverage are:

RSSI must be greater than a first threshold Th1,

Ec/Io must be greater than a second threshold Th2, and

FFER must be less than a third threshold Th3.

These comparisons are shown in figure 1a and 1b at steps s80, s90 and s100.

20 Once the analysis has been performed on each unit area of the cell, adjustments 

to the antenna, effective radiated power and/or forward power control 

parameters are made to address any shadow areas.
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To correct shadow areas where RSSI < Th1, adjustments are made to at least 

one of: the tilt and/or azimuth of the antenna, the effective radiated power of the 

base station by adjusting TX_ATTEN, the value of Max_Tx_Gain of the forward 

power control parameters. This is shown in figure 1a at step s150.

5 To correct shadow areas where Ec/Io < Th2, one or more of the following 

adjustments are performed: the tilt of the antenna, the azimuth of the antenna, 

power output of neighbouring base stations. This is shown in figure 1a at step 

s160.

To correct shadow areas where the FFER > Th3, one or more of the following

io steps are performed: adjusting the effective radiated power of the base station 

by adjusting TX_ATTEN, measuring noise floor over the forward link in the 

shadow area and resolving noise sources, adjusting the values of Max_Tx_Gain, 

Min_Tx_Gain, Big_Up_Delta and Small_Up_Delta of the forward power control 

parameters. This is shown in figure 1b at step s170.

15 Although the flow chart shown in figures 1a and 1b show the analysis steps s80, 

s90 and s100 as being concurrent with the corresponding adjustment step s150, 

s160 and s170, it should be appreciated that all unit areas are analysed before 

adjustments are made. This enables an overview of the entire cell to be 

obtained prior to making any adjustments.

20 Further, data concerning the chip delay measured during the field test is 

compared with a fourth threshold Th4. In the embodiment, the fourth threshold 

Th4 is assigned a value of plus/minus five chips. If the chip delay exceeds the 

fourth threshold Th4 the unit area is considered to have a chip delay problem, 

whether or not the unit area is a shadow area or coverage area. When the

25 comparison of chip delay has been performed across the entire cell, adjustments 

are made to resolve any areas with chip delay problems. Any one or more of the 

following adjustments can be made to address a chip delay problem: adjusting
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the output of neighbouring base stations, adjusting the tilt and/or azimuth of the 

antenna. This is shown in figure 1b at step s180.

Determining Shadow Areas

A further field test is performed after all adjustments have been made. Data

5 from the further field test is analysed in a similar manner to that described above 

to determine the presence of any remaining shadow areas. This is shown in 

figure 1b at step s120. If more than five percent of the cell is shadow areas, 

further action is required as shown in figure 1 at step s190. Such further action 

will generally require modification to the CDMA network infrastructure, such as 

io additional systems or a relay.

If five percent or less of the total cell area is shadow area, the cell is considered 

satisfactory.

Balancing The Forward And Reverse Links

Next, the coverage of the forward and reverse links are compared to see if they 

15 are balanced. This is shown in figure 1b at step s130. If the comparison shows 

that the forward and reverse links are balanced, the forward link coverage has 

been successfully optimised.

If the forward link coverage is less than the reverse link coverage, pilot 

acquisition will not be performed in some of the overlapping area between 

20 adjacent cells and the probability of failure during handoff increases.

If the forward link coverage is greater than the reverse link coverage, handoffs 

will not be performed in some of the overlapped area between adjacent cells and 

pilot signals of both base stations produce interference.
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One or more of the following adjustments are performed to balance the forward 

and reverse links: adjusting the tilt and/or azimuth of the antenna, adjusting the 

effective radiated power of the base station by adjusting TX_ATTEN. After the 

adjustments are made, the forward and reverse link is again tested at step s130.

5 This invention reduces the time and labour required to optimise forward link 

coverage in a CDMA system and simplifies the optimisation process where a 

large number of parameters can be changed.

While the invention is susceptible to various modification and alternative forms, 

specific embodiments thereof have been shown by way of example in the 

10 drawings and described in detail. It should be understood, however, that it is not 

intended to limit the invention to the particular forms disclosed, but on the 

contrary, the intention is to cover all modification, equivalents, and alternatives 

falling within the spirit and scope of the invention as defined by the appended 

claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS

1. A method for optimising forward link coverage in a cell of a CDMA network, 

comprising the steps of:

determining parameters related to forward link coverage of the cell;

5 collecting data on RSSI, Ec/Io, FFER in said cell during a field test;

analysing the field test data to determine shadow areas where a 

predetermined quantity of data on RSSI, Ec/Io or FFER do not meet 

predetermined threshold values;

adjusting at least one of said parameters to address any shadow areas;

io determining whether said shadow areas exceed a desired percentage of

the total cell area; and

determining whether the forward and reverse links are balanced and if

they are not balanced adjusting at least one of said parameters to 

balance said links.

15 2. The method of claim 1, wherein the step of determining parameters

comprises the step of estimating a maximum path loss using a model.

3. The method of claim 2, wherein the model includes compensation for 

morphology of the cell.

4. The method claimed in claim 2 or 3, wherein the step of determining

20
• · ·

parameters further comprises the step of determining the azimuth, tilt, gain 

and type of a base station’s receive and/or transmit antenna.
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5. The method of any one of claims 2 to 5, wherein the step of determining 

parameters further comprises the step of determining the digital gain for 

overhead channels and for each traffic channel.

6. The method of claim 5, wherein the overhead channels comprise a Pilot 

5 Channel, a Sync Channel and a Paging Channel, and the digital gains are

chosen to satisfy the condition Pilot_Coverage = TrafficChannel_Coverage.

7. The method of claim 5, wherein the digital gains are chosen to satisfy the 

condition Pilot_Coverage <= SyncChannel_Coverage.

8. The method of claim 5 or 6, wherein the digital gains are chosen to satisfy 

io the condition Pilot_Coverage <= PagingChannel_Coverage.

9. The method of any one of claims 5 to 8, wherein the step of determining the 

digital gain includes the step of checking that the power output per frequency 

assignment per sector is equal, and if it is not equal, adjusting the 

corresponding power output.

15 10. The method of any one of claims 2 to 9, wherein the step of determining

parameters further comprises the step of determining forward power control 

parameters for the cell, including Max_Tx_Gain, Min_Tx_Gain, 

Big_Up_Delta and Small_Up_Delta.

11. The method of any one of the preceding claims, further comprising the step 

20 of adding orthogonal carrier noise to said cell during the field test.

12. The method of any one of the preceding claims, wherein the step of analysis 

comprises dividing the cell into a plurality of unit areas and analysing the field 

test data on a unit area-by-unit area basis.

13. The method of claim 9, wherein said step of analysis includes considering a
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unit area a coverage area if a predetermined quantity of data on RSSI, Ec/Io 

or FFER for the unit area meet the predetermined threshold values.

14. The method of claim 9 or 10, wherein a unit area is considered a shadow 

area if less than the predetermined quantity of data on RSSI, Ec/Io or FFER

5 for the unit area meet the predetermined threshold values.

15. The method of any one of claims 9 to 11, wherein the predetermined quantity 

is ninety five percent.

16. The method of any one of the preceding claims, wherein the step of 

adjusting at least one of said parameters comprises, where shadow areas

io are caused by RSSI not meeting its respective threshold, adjusting one or 

more of: azimuth of the antenna, tilt of the antenna, Max_Tx_Gain of the 

forward power control parameters, TX_ATTEN of the base station.

17. The method as claimed in any one of the preceding claims, wherein said 

step of adjusting at least one of said parameters comprises, where shadow

15 areas are caused by Ec/Io not meeting its respective threshold, adjusting at 

least one of: azimuth of the antenna, tilt of the antenna, power output of 

adjacent cells.

18. The method as claimed in any one of the preceding claims, wherein said 

step of adjusting at least one of said parameters comprises, where shadow

20 areas are caused by FFER not meeting its respective threshold, adjusting at 

least one of: Max_Tx_Gain, Min_Tx_Gain, Big_Up_Delta and 

Small_Up_Delta of said forward power control parameters.

19. The method of claim 18, wherein said step of adjusting at least one of said 

parameters further comprises, where shadow areas are caused by FFER not

25 meeting its respective threshold, measuring noise floor over the forward link 

and resolving noise sources.



t

• 4
• ·

• ·

• · ·

• ·

• · · fc
« 4 ·

4 4 ·

• · · ·
• · ·

4 4 ♦

• 4 · ·
4 4 9
4 ·

4 4 4 4

• 4 ·
4 · ·
4 4 4 ·

-19 -

20. The method of any one of the preceding claims, wherein said step of 

collecting data includes collecting chip delay data, said method further 

comprising the step of, after the step of adjusting at least one of said 

parameters, comparing said field test data on chip delay with a further 

5 threshold and noting areas where a predetermined quantity of said data does 

not meet the further threshold, and adjusting at least one of: the tilt and 

azimuth of antenna and the output of neighboring base stations.

21. The method of any one of the preceding claims, wherein the step of 

determining the presence of any shadow areas comprises the steps of:

10

15

collecting further data on RSSI, Ec/Io, FFER in said cell during a 

further field test;

analysing the further field test data to determine shadow areas 

where a predetermined quantity of data on RSSI, Ec/Io or FFER do 

not meet the predetermined threshold values.

22. A method for optimising forward link coverage in a cell of a CDMA network 

substantially as described herewith with reference to the accompanying 

drawings.

Dated this Twenty Fifth day of March 1999.

Samsung Electronics Co, Ltd
Applicant

Wray & Associates
Perth, Western Australia
Patent Attorneys for the Applicant
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