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ASYMMETRICAL BEAMS FOR SPECTRUM EFFICIENCY

FIELD OF THE INVENTION

The present invention relates to network
planning and in particular to improved sector capacity
5 and throughput in an established network without creating

coverage holes.

BACKGROUND TO THE INVENTION

In wireless communications systems, there are a

number of technical limitations. A first limitation 1s

10 that the frequency spectrum is a scarce resource, which

should be efficiently used. For a finite amount of
spectrum, there i1is an upper bound on the number of
subscribers that could be simultaneously served. To
increase the number of subscribers, multiple access

15 technigues have been introduced in the past.

The  most common  are: Frequency Division

Multiple Access (FDMA), wherein only a small portion of

the available spectrum is allocated to a subscriber; Time

Division Multiple Access (TDMA), wherein a subscriber 1s
20 not allowed to transmit continuously, but 1nstead, the
subscriber is only allowed to transmit during short non-

overlapping periods of time called bursts; and Code

Division Multiple Access (CDMA), wherein the total

Jre—

spectrum 1is allocated to all of the subscribers, who are

25 differentiated by the use of allocated orthogonal codes.

Such and other multiple access techniques are

combined in existing wireless systems to maximize the

number of subscribers for a finite amount of resources

(time, frequency, code, etc.).
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Another limitation of wireless communications

systems 1s the finite transmission power that results
from overcoming implementation and propagation losses
between a transmitter and a receiver. As a result,

practical systems have only a finite communication range.

To overcome these two limitations, the cellular

concept has been introduced for wireless systems. To

cover a large area, the availilable resources are used for

a small coverage area, called a cell, and repeated for
other cells. The expected number of subscribers that can
be served by a network will increase 1n proportion to the

P

number of cells in the network.

However, because cells are now qulte close

together, there 1s an increased risk of co-channel

interference, which will decrease the 1link quality and

commensurately, the number of subscribers.

A number of techniques for combating co-channel

interference have been proposed and 1mplemented. These

are generally specific to a particular multiple access

scheme.

For example, with CDMA, the signals of all of
the subscribers within a cell are sent by a base station

transmitter in the downlink direction at the same tlme,

so that each specific subscriber may decode 1ts signal

and cancel out the 1ntra-cell 1nterference. In the

uplink direction, a subscriber’s signal 1s typically

scrambled by a long code with good correlation

properties, so that the contribution of other subscribers

to an 1individual subscriber’s signal will more 1likely

behave as whilite nolse rather than significantly degrade

single user detection.
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In the case of FDMA systems, the total spectrum

is divided into K subsets of frequencies and every cell

uses one such subset. Rather than deploying the total

spectrum for every cell in the network, a cluster of K
5 cells will be repeated in the network, each belng
assigned one of the frequency subsets. Clearly, within a

cluster, subscribers will not experience any co-channel

interference.

For a frequency re-use factor K greater than

10 one, co-channel cells, that 1is, cells assigned the same

frequency subset, will not be adjacent to each other and

thus, interference acCross the network should be

minimized. Preferably, the frequency re-use factor 1is

P

small in order to maximize the number of subscribers, as

15 more fregquencies may be allocated within a frequency

subset.

Given the recent i1ncrease 1n the number of Base

Station System (BSS) features 1introduced for use by base

transceilver stations such as, power control,

20 discontinuous transmission, fractional frequency loading

and frequency hopping, an optimal frequency re-use factor

may be K=3, with 100% frequency loading.

In any event, to further 1improve spectrum

efficiency of cellular systems, a sectorization concept

25 has been introduced in which an omni-directional antenna,
traditionally placed 1in the centre of a cell, has been
replaced by a plurality of N directional antennas, each
defining a symmetrical coverage area. Thus, for the same

P

area, the number of cells, and consequently, the number

30 of subscribers within the network, has been 1ncreased by

a factor of N.
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The use of directional or sector antennas has

t+hus further reduced the amount of interference 1n the

network and has resulted 1in more spectrally efficient

networks. A sector 1is symmetrical and generally wedge-

shaped, with N sectors generally extending outward from

F

the traditional centre of a cell. Each sector may now Dbe

considered a distinct cell, with its antenna extending

from an extremity thereotf.

Although, in theory, high spectral efficiency
is achievable with large values of N, practical

deployment considerations will generally limit this

number to a finite set of possibilities. For example,

g

large values of N will cause a significant proportion of

the subscribers to languish 1n continuous handover

situations. As well, a cell is generally identified to a

subscriber through an 1dentifying code, frequency
channel, so that a subscriber may make continuous
measurements to identify the best serving cell. With

pr—
-

large values of N, a significant portion of the availlable

bandwidth would be allocated to such control channels,

without any significant lncrease 1n capacity.
Consequently, typical wvalues for N are 3, on rare

occasions 4, and hardly ever exceedlng 6.

P

When N=3, antennas with a half power beam width

of 65° are typically used, because they provide better

coverage. For uneven traffic between sectors or for

other values of N, multiple antennas may be used with

beam widths of 33, 45, 65, 90, 105, etc. For higher

P

sectorization, that 1s, N > 3, a mix of existing antennas

will not provide optimal coverage, resulting 1n either a

significant and excessive overlap between beam patterns
or else high cusping loss between adjacent beam patterns.

In the former case, an excessive number of subscribers
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will Dbe candidates for handover, while 1in the latter
scenario, coverage holes could result 1n handover

failures.

Furthermore, it appears that the need for
5 higher order sectorlzation is primarily a local
phenomenon, rather than a characteristic across a

network, since subscribers are not generally uniformly

distributed across a network. As a result, the need for
increased subscriber capacity is only apparent for a few
10 scattered sectors in a network that typically encounter

large distributions of subscribers.

In such a case, blindly increasing the number

—~

of sectors for all of the sites will not result in an

efficient capacity to <cost ratio since some of the

15 additional transceivers will never be used.

pr——
p—

A traditicnal means O]

increasing network

capacity, known as <cell splitting, 1s to reduce the
coverage of existing cell sites and to introduce a new
cell site 1in the newly created coverage holes. Cell

20 splitting is very expensive for an operator, however,

since new locations for the tower and equlpment for the
new site, such as high-rise buildings, have to be located
and leased. In many dense urban environments, where

increased network capacity would be beneficial, 1t 1s no

25 longer possible to find suitable new site locations.

Therefore, alternative means of 1increasing
network <capacity are under 1nvestigation, such as

deploying antennas with optimized beam patterns.

30
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SUMMARY OF THE INVENTION

Accordingly, it is desirable to provide an

pre—— E

antenna with beam patterns that are tailored for specific

sector coverage.

It is further desirable to provide an antenna

F
—

that can petmit load balancing through the addition of

capacity only where needed.

The present invention accomplishes these aims

by replacing a single sector coverage area with at least

one coverage area, at least one of which is asymmetrical.
The use of asymmetrical coverage areas permits the total
coverage area to closely approximate the symmetrical
sector coverage area being replaced, without creating
excessively large sub-sector handover zones or

introducing severe degradation in the network

performance.

According to a first broad aspect of an

embodiment of the present invention, there 1s disclosed,
a method for increasing subscriber capacity 1n a
sectorized cellular communications network having a

F

plurality of subscribers and a base station supporting at

least one sector, the at least one sector having an
associated sector antenna at the base station having a
critical coverage area extending therefrom and
overlapping neighbouring sectors thereof 1In a sector
handover =zone, the method comprising the step of:
replacing the at least one sector antenna with a split-

sector antenna having a plurality of sub-sector coverage

areas extending therefrom, at least one of which 1s
asymmetrical, each corresponding to a sub-sector and

overlapping a neighbouring sub-sector coverage area 1n a

sub-sector handover zone, whereby a total <c¢ritical
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”

coverage area of the plurality of sub-sector coverage

areas 1is substantially equivalent to the critical

coverage area of the at least one sector antenna.

According to a second broad aspect of an

embodiment of the present invention, there is disclosed a

.

sub-sector antenna for use 1in a sectorized cellular

communications network having a plurality of subscribers
and a base station supporting at least one sector, the at
least one sector having an assocliated sector antenna
having a critical coverage area extending from the Dbase
station and overlapping neighbouring sectors 1n a sector
handover zone, the sub-sector antenna being constructed
and arranged for replacing the at least one sector

g

antenna and having a plurality of sub-sector coverage

areas extending therefrom, at least one of which 1s
asymmetrical, each corresponding to a sub-sector and
overlapping a neighbouring sub-sector coverage area 1in a
sub-sector handover =zone, whereby a total «critical
coverage area of the at least one asymmetrical sub-sector

coverage area 1is substantially equivalent to the critical

coverage area of the at least one sector antenna being

replaced.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the present invention will

now be described by reference to the following figures,

in which identical reference numerals in different

figures indicate identical elements and in which:

FIGURE 1 is a polar plot of a plurality of pairs

F

of symmetrical sub-sector beams;
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FIGURE 2 is a polar plot of a mirror-imaged pair

of asymmetrical sub-sector beams according to an

embodiment of the present invention;

"

FIGURE 3 is a polar plot showing a single palr oO:

asymmetrical sub-sector beams overlaying a

conventional tri-sector cellular coverage reglon;

i

FIGURE 4 is a polar plot of a mirror imaged pailr

of asymmetrical sub-sector beams according to an

embodiment of the present invention, together

with two conventional sector beams;

Figure 5 is a cartesian plot of a tri sub-section
beam pattern overlaying a conventlonal sector
beam pattern according to an embodiment of the

present invention;

Figure 6 1is a cartesian plot of a quad sub-sector

beam patter overlaying a conventional sector beam

pattern, according to an embodiment of the

present invention;

—

Figure 7 1s an artwork layout of an exemplary

sector antenna system 1in accordance with an

embodiment of the present invention;

Figure 8 is an artwork layout of an exemplary

beamforming network sector for the sector antenna

system for Figure 7;

Figure 9 is a geographic representation of a rea.

tri-cellular network; and

Figure 10 1is a geographic representation of a

real tri-cellular network 1in which a single
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cellular site 1s equipped with a bil-sector array

g

of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the present invention, rather than dealing
with an increase in capacity by prior art mechanisms such
as higher-order sectorization and/or cell splitting, an
existing antenna is substituted with a new one, which has
substantially the same coverage area as the fixed cell

]
p—

sector being replaced, but divided into a plurality ot

complementary asymmetrical separate beams or sub-sectors.

For exemplary purposes only, consider an

existing antenna having a 65° half power beam width

(HPBW) . If an operator were to replace 1t with a new
antenna, it would be advantageous to have the new antenna
provide  the same = coverage (albeit with  increased

capacity) as the existing antenna, so that the operator

may avoid significant network planning and adjustment of

neighbouring sites. Accordingly, it would be beneficial

to provide the new antenna with a beam pattern that 1s as

F o ]
p—

close as possible to the critical coverage area (CCA) of

the existing antenna, so as to provide minimal network

planning. In the case of a 65° HPBW antenna, this is

typically 120°.

Where, as with the present 1invention, the new

antenna may produce a plurality of separate beams, each
defining a new sub-sector with only a small overlapping
area between them and which together provide
substantially identical coverage to the sector supported
by the original antenna, a single sector may be upgraded

to become a plurality of sub-sectors without

significantly affecting neighbouring sites.
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It has been discovered that such new antennas
may be created by 1ntroducing asymmetry 1nto the

generated beam pattern.

Heretofore, antenna beam patterns have

consistently been symmetrical, such as 1s shown 1n Figure
l, which shows 3 mirror-imaged pairs (110,111), (120,121)
(130,131) of symmetrical sub-sector beams. Such a
coverage pattern creates very large overlap regions

between palrs of sub-sector beams (e.g. 130, 131), and

between a sub-sector beam from two different adjacent

sectors, e.g. 131, 110 (at 113).

However, 1f the symmetrical beam patterns were
adjusted 1n order to ensure substantially the same roll-

off at the extremities so as to provide substantially

simllar handover treatment from the sub-sectors defined

by the new antenna to adjacent unmodified sectors and
vice versa, the new beams would 1ntroduce excessive
overlap as between themselves. On the other hand,
adjusting the beam patterns for the new sub-sectors so
that the handover between sub-sectors 1s manageable could

result 1n coverage holes with existing sectors.

As can be seen from a comparison of Figure 2,
which shows 3 mirror-imaged pailrs (210, 211), (220,221),

(230,231) of asymmetrical sub-sector beams to replace a

traditional 3 sector configuration with a 6 sub-sector

-y

configuration, the use of asymmetrical beams ensures

’

handover region reduction by means of the low overlaps

212, 222 and 232 of adjacent palrs of sub-sector beams
(210, 211), (220,221) and (230,231) respectively, and low

overlaps between sub-sector beams of a first pair and
sub-sector pbeams of a second pair, shown at 213, 223 and

233. This consequently reduces handover overhead for
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most wireless standards and results in a net capacity and

throughput
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increase, while maintaining the initial coverage Dby
matching the antenna radiation pattern at the edges of
the original sector, so that network planning overhead 1S

—
p—

minimized or avoided. Furthermore, the use of an

asymmetrical sub-sector beam maintains low cusping loss
between adjacent beams so as to achieve good overall

network coverage with no new coverage holes. This 1s

shown 1in Figure 3 which  shows, for clarity ot

illustration, sub-sector beams 230, 231, overlaying

conventional full sector beam patterns 310, 320, 330

shown in dashed outline.

For ease in use, clarity and maxlmurmn
versatility, radiation plots are usually normalized to
the outer edge of the coordinate system. Furthermore,

P
—

signal strength is not normally thought of 1in terms ot

strength in volts, microvolts etc., so radiation plots

are usually shown in relative decibels (dB).

Decibels are used to express differences 1n

iy

power in a logarithmic fashion. A drop of 1 dB means

that the power is decreased to about 80% of the original

value while a 3 dB drop 1is a power decrease of 50% or

one-half the power. The beamwidth specified on most data

sheets is usually the 3 dB or half-power beamwidth. A 10

dB drop is considered a large drop, a decrease to 10% of

the original power level.

Those having ordinary skill in this art will

readily recognize that not all sectors need to Dbe

upgraded, as 1s shown 1n Figure 4. Nor are all sectors

upgraded to the same sectorization level. Rather, some

sectors 310, 320 could be 1left alone, without upgrade,
while others (230, 231) upgraded to be replaced by a two

sub-sector configuration. Still others could be replaced
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by a higher sub-sector configuration as shown 1in Figure

5 which shows a 3 sub-sector configuration 510, 520,

530. In order to provide substantially similar coverage
over the conventional sector beam 540 they are replacilng

(shown in dashed outline), the central sub-sector Dbeam

520 may be symmetrical, while the other two sub-sector

gi—
o

beams 510, 530 are asymmetrical and mirror 1mages of one
another.

In Figure 6, there 1s shown a 4 sub-sector
configuration 610, 620, 630, 640. Agailn, the

conventional sector beam 540 is shown 1n dotted outline.

Here however, the two central sub-sector beams 620, 630

are asymmetrical and mirror images of one another, as are

the two outer sub-sector beams 610, 640.

In both Figures 5 and 6, it may be seen that
the introduction of asymmetrical beams allows <close
approximation of the coverage area of the conventional
sector antenna being replaced, with small side lobes and

F

minimal overlap. Because the beam patterns of the new

antenna corresponding to a sector to sub-sector upgrade
have largely the same overall beam pattern as the antenna
being replaced, as shown in Figure 3, upgrades could be

made relatively transparently with regard to network

planning, resulting in more efficient use of resources.

F

In the design of the inventive asymmetrical

radiation patterns, preferably, the side lobe levels are
reduced. This reduces the amount of unwanted transmitted

power to other sectors in the network, which contributes

to 1nterference. The resulting interference reductilion

translates into increased network capacity. Furthermore,

reduced side lobe 1levels permit frequency re-use 1n

F

adjacent sectors. If small sub-sector overlap and side
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—
p—

lobe levels can be achieved, the possibility of co-

channel interference would be substantially eliminated,
permitting frequencies to be re-used 1in adjacent sectors
and consequently increasing the network capacity through

an increase in the number of subscribers.

Each sub-sector may be treated as an individual

cell, so that the subscriber would identify the best

serving sub-sector by means of measurements, using, for

example in the CDMA protocol, a differentiating code or a
narrowband frequency specified by the applicable wireless

standard.

Alternatively, the asymmetrical beams of the
present invention may be used for adaptive beam forming

applications wherein a specific subscriber 1is tracked Dby

the best-serving beamn. In such a case, the old antenna

may continue to be used for the broadcast of control

it r

information while the new antenna 1s used for traffic

channels dedicated to specific subscribers. Once the

o

means of broadcasting control information 1s capable of

being taken up by the new antenna, the old antenna may

thereafter be removed entirely. Such capabllity might
include using one column of the antenna array for
broadcast of control information. Alternatively, all of

the beams could be tasked with transmitting and receiving

control information.

In a preferred embodiment, the asymmetrical

beams are implemented using antenna arrays in conjunction

with passive and/or active networks. However, those
having ordinary skill in this art will recognize that 1t
is possible to implement the inventive asymmetrical beam

patterns without resort to antenna arrays.
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Figure 7 shows an exemplary implementation of

an antenna array system, shown generally at 700, that

could generate the sub-sector beam pair 230, 231. The

array 700 comprises a 4x4 planar array of cross-polarized

5 antenna elements 711-714, 721-724, 731-734, 741-744, such

as 1s well known to those having ordinary skill in this

art. Each polarization for each element in each row 710,

720, 730, 740 of the array, for example, row 730

comprising elements 731-734, are combined together by

10 means of a beamforming network 750, which 1s shown 1in

greater detail 1n Figure 8.

In receive mode, the beamforming network 750

combines the signals received at each of ports 1 through

4 851-854, at port 5 855. In transmit mode, the signal

15 at port 5 855 1s split and rotated 1n phase before it 1is

distributed to each of ports 1 through 4 851-854, which

1n turn drive antenna elements 731-734.

The proportions 1nto which the power 1s split

are 1nversely proportional to the relative widths of the

F

20 conductilve traces at each of the splitter junctions 801,

802, 803. In the embodiment of Figure 8, the powers at

gr— g

each of ports 1 through 4 851-854 are, by way of example

only, 1n units mW relative to 1 mW at port 5 855: 0.02,
0.4178, 0.4178 and 0.082 respectively.

25 Furthermore, the relative phase rotations are
determined by the relative 1lengths of each of the
conductive traces corresponding to each of the ports. 1In

the embodiment of Figure 8, the signal at port 5 855 1is

rotated by 98.3, 360.4, -36.4 and -98.3 degrees before it
30 arrives at ports 1 through 4 851-854 respectively, again
by way of example only.
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Those having ordinary skill in this art will

—

appreciate that there are a number of mechanisms by which

a serlies of powers and phase coefficients could be
generated to match a specified antenna pattern, including
but not limited to array synthesis methods, solving
constrained optimization problems or even by trial and

error. In this 1nstance, a simulation tool, such as is

avallable from Zeland Software Inc. was used to predict
the asymmetrical antenna array patterns and the expected

array pertformance obtainable therefrom.

While, with the 1inventive asymmetrical beam
patterns, network planning could be reduced, it may not

necessarily be eradicated altogether. Those having

ordinary skill 1in this art will readily recognize that
when a single site 1s subject to higher order
sectorization as contemplated by the present invention,
design techniques may be used to further reduce network

planning. For example, alternating or adjacent beams may

use common control frequency and/or code resources. With

the excellent front-to-back ratio of modern antennas,

there would be minimal co-channel 1interference between

sectors and with the alternating beam approach described,
the need for extra control channels or code offsets could

be dispensed with, resulting in better spectrum

efficiency. For example, 1n Figure 2, sub-sector beams

210 and 221 could be commonly controlled with minimal

loss of performance.

Furthermore, when multiple sites are subject to

higher order sectorization in a specific area, automatic

frequency planning could be used to derive an optimal

frequency plan for all the sites. For CDMA systems, by

-

way of example, this would mean that optimal long codes

or code offsets would be identified. Because the
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asymmetrical beams of the present 1invention do not

radiate excessively in unwanted directions, less network

interference will be experienced. As well, Dbecause
individual beams in the higher order sectorization sites
are narrower than the original coverage, the i1interference

of a specific broadcast frequency or code will Dbe

substantially reduced. Depending upon the network

p—

topology and the distribution of the sites subject to

higher order sectorization, the consequential improvement

in signal to interference ratios for the control channels

will largely dispense with the need for extra control

frequencies or codes. In the limiting case of 100%
deployment of higher order sectorization 1in the network,
the above-described alternation or opposition scheme
could be applied so that additional broadcast channels or

codes could be dispensed with.

Figure 9 shows a geographic representation of a real
tri-cellular network with several cellular sites, each

equipped with three 65 degree half power beamwidth
antennas. Figure 10 shows a geographic representation of

the same real tri-cellular network of Figure 9, in which

only one sector of site PQ0130 was upgraded with a bi-

sector array (BSA) of the present 1invention. Although

this BSA antenna inherited the same pointing direction

F

and down tilt wvalue of the original antenna, a large

improvement in network coverage could be seen 1n
comparing the results shown 1in Figure 9 compared to
Figure 10. The shading in Figures 9 and 10 represent the

received signal level by terminals that are higher than

the prescribed threshold in dBm. Collected Busy Hour

Traffic data for all the sectors 1n the network as well

as the network parameters (antenna radiation patterns for

all the sectors, their pointing directions and tilting
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pr——

values, output power of base stations, RF cable losses,

F

number of CDMA carriers per sector) were provided by a

service provider to enhance the simulation accuracy and

also predict the capacity gains from the BSA before field

trials. Furthermore, terrain data was provilided so that

more accurate channel modelling could be done by a
network planning tool. The network planning tool used

for this simulation was ATOLL, developed by FORSK

company.

The first step in the simulation was to provide all

the data, mentioned above, to the network planning tool

nd run for several lterations; 1.e. Monte Carlo

Q)

simulations were performed, to gather reliable statistics

O

f the tri-cellular network prior to running the

simulation with the upgraded PQ0130 site with a BSA.

Table 1 shows the output metrics from the network

planning tool.

Beore After

T secr ]
| Bdor M
A | 1738  39010| 1755% | 35054]  Soar3]  58.3% | 7al205] 72320T| 1%
Coverge (sakm) | 168 251
Average RXNR o tffc rao | 004 005

BA% | 35| A 7%
003 005 | _189% | 004|005

Table 1: Network statistics at sector, cluster and site

level before and after upgrading one sector of site PQ
0130.

Average Rx NR to traffc raio

Table 1 above shows the statistics for the baseline

network and after upgrading one sector of PQ0130 with a
bi-sector array with asymmetrical beams. The number of

transcelivers 1n the upgraded sector were doubled and

therefore 1ts capacity was expected to double. Apart from

the upgraded sector, the statistics were collected for

g—

the site and also for the cluster of surrounding sites.

The main simulation results are summarized as follows:

g

(1) The capacity of the upgraded sector 1ncreased by 125%

p—

whereas an increase of only 100% was expected;

| Site | 1 | Clser |

— w2 . -
—Tis% | 004|004 0.3%
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(2) The capacity of PQO130 site increased by 58%;

(3) Handover overhead for the upgraded sector and site

PQ0130 improved by 9% and 4.8% respectively;

(4) Coverage of the upgraded sector and site PQO0130

improved by 49% and 27% respectively;

(5) The area of the overall network with signal level

greater than -80dBm increased by 21% (see Table 2 below);

(6) At the cluster level, there 1s no degradation 1n

terms of key performance metrics;

(7) A degradation of reverse link noise rise occurred at

each of sector and site 1level by 18.9% and 11.5%

From the above simulation results, 1t 1s apparent

that upgrading a single sector by asymmetrical beams may

add benefits to surrounding sectors 1n the network and

without any significant degradation to  surroundlng

sectors and sites.

The effect of simulation on the network coverage

density, shown 1in terms of coverage by signal level 1s

set out 1n Table 2 below.

etwork Coverage Density
Coverage by Signal Level

Best signhal level (dBm) >=-80 72.72 88.05
Best signal level (dBm) >=-90 99.46 99.62
Best signal level (dBm) >=-100 101.40 101.52

est signal level (dBm) >=-110 101.66 101.63
Best signal level (dBm) >=-120 101.75 101.74

Table 2: Effects on Network Coverage Density

Surface (km2) | Surface (km?2)
Before After

Improvement

21.1%
0.2%
0.1%
0.0%
0.0%

I

The present 1nvention can be 1mplemented in

digital electronic circultry, or 1n computer hardware,
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firmware, software, or 1in combination thereof. Apparatus
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