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Fixed null-steering beamforming method

Technical field

The invention relates to a method of fixed nuli-steering beamforming in a base
station and to a computer program product.

Background and related art

In wireless communication systems, the frequencies resources allocated to the
service may be re-used in a regular pattern of areas, called cells, each covered by
one hase station. In mobile wireless communication systems these cells are usually
hexagonal. To ensure that the mutual interference between wireless terminals
remains low, adjacent celis use different frequencies. In fact, a set of N different

frequencies are used for each cluster of N adjacent cells, Cluster patterns and the

(2o
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corresponding frequencies are re-used in a regular pattern over the entire service
area,

The closest distance between the centres of two cells using the same frequency in

different clusters is determined by the cluster size N and the layout of the cell

cluster. This distance is called the frequency re-use distance.

The signal processing technique of beamforming may be used with arrays of
transmitling or receiving transducers that control the directionality of a radiation
pattern. When receiving a signal, beamforming can increase the receiver sensitivity
in the direction of wanted signals and decrease the sensitivity in the direction of
interference and noise. When fransmitting a signal, beamforming can increase the
power in the direction the signal is to be sent. The change compared with an
omnidirectional transmission is known as the transmission gain. These changes are
done by creating beams and nulls in the radiation pattern.

Therefore, thers is a need of a new frequency reuse method in a base station, of a
base station and of a computer program product,

Summary

The invention provides to a frequency reuse method in a base station of a Fre-
quency Division Multiplexing Access wireless communication system, the wireless
communication system comprising at least the base station adapted for covering a
cell, at jeast one wireless terminal coupled to the base station, the wireless commu-
nication system dividing a frequency band into three frequency sub-bands, wherein
arte of the frequency sub-band is assigned to the base station, the method compris-
ing the steps of:

- caleulating & maximurm number of beams per cell by obtaining a number

of antennas of the base station;

0238 B2 TP apphoghoesdes PERRERE!
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- initiating a fixed null-steering beamforming by setting a number of or-
thogonal fixed beams fo a first constant on a portion of the cell, if a traffic
of the base station is bigger than a first threshold;

- obtaining an absolute or an approximate location of the wireless terminal
within the cell;

- scheduling the wireless terminal to fixed null-steering resourges, if the
absolute or approximate location of the wireless terminal is within the
beam zone of the cel;

- setting the number of orthogonal fixed beams to a second constant of the
fixed nuli-steering beamforming, if the traffic is bigger than a second
threshold,
wherein the first constant is smaller than the second constant and the

second constant is smaller or equal to the maximum number of beams.

The Frequency Division Multiplexing Access wireless communication system can be
a GSM system, or an OFDMA system such as WIMAX or LTE. If the fixed null-
steering beamforming is initiated, the wireless terminals can be scheduled either to
fixed null-steering resources or to reuse-3 resources. If the reuse-3 system is acti-
vated, then the wireless terminals can be scheduled only to reuse-3 resources. In
the reuse-3 system, the sub-band assigned to the cell is shared by all users. in the
fixed null-steering beamforming, a portion of the sub-band may be assigned exclu-
sively to the wireless terminals located within the beam part of the cell, and the other

portion of the sub-band is assigned for the reuse-3 resources.

QOne of the advantages of the embodiments is that the throughput of the system
improves the classic reuse-3 system, without using the typically complicated
interference suppraession or canceilation aigorithm of the reuse 1. Inside the ¢ell, the
wireless terminals are scheduled to cccupy the resources according o the logation
information. The wirsless terminals within the fixed nuli-steering beam zones may

share the same spectral temporal resources between all the wireless terminals. The

ROEMA BGA3GE LR qipbicativn ol o080
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the predefined fixed null-steering beamforming weights. The new method and the
new base station become an alternative that nearly obtaing the throughput of the
reuse 1 system with the advantages of a low co-channel interference of reuse 3
systems.

In one of the embodiments, the wireless terminal comprises a positioning system
(GPS, Galileo), the wireless terminal obtains the absolute location, and otherwise
the base station obtains the approximate location by calculating a Direction of Arri-
val of an uplink signal from the wireless terminal and an uplink feedback CINR. The
advantage is that if the wireless terminal is not able to obtain its location, the base

station can calculate an approximated location.

In an embodiment, the first threshold describes an upper bound of a traffic of a re-
use-3 system of the wireless communication system, wherein the second threshold
describes an upper bound of a fraffic of a fixed null-steering beamforming with a first
constant number of beams. The second threshold determines the switch between
the fixed null-steering beamforming with a first constant of fixed beams to a second

canstant.

In an embodiment, the method further comprises the steps of: switching to said re-
use-3 system and scheduling the wireless terminal to reuse-3 resources, if the abso-
lute or approximate location of the wireless terminal is outside the beam zone. The
advantage of the embodiments is that the switching between the fixed nuli-steering
beamforming and the reuse-3 system can be done according to the conditions of the
traffic of the base station, and if the fixed null-steering beamforming is used, the

scheduling is done according the location of the wireless terminals..

In a further embodiment, the methad further comprises the steps of: switching to the
reuse-3 resources for all wireless terminals located within the cell, if the {raffic is
smaller than the first threshaold. The switching between tha fixed null-steering beam-
forming and the reuse-3

PSLEA L RO BP gpplicationdos RIS HE
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in ancother aspect, the invention relates to a base station in an FDMA digital cellular
mobite communication system being operable to perform in accordance with any
one of the preceding claims.

In another aspect, the invention relates to a computer program product stored on a
computer usable medium, comprising computer readable program means for caus-
ing a computer to perform a method according to any of the preceding claims 1 to 5

when the program is run on the computer.
Brief description of the drawings

In the following preferred embodiments of the invention will be deseribed in greater
detail by way of example only making reference to the drawings in which:

Figure 1 shows an embodiment of a method of fixed null-steering
beamforming,

Figure 2 shows a second embodiment of fixed null-steering beamforming,

Figure 3 shows an example of a fixed M-null-steering beam pattern under

three cells,

Figure 4 shows an embodiment of a base station and wireless terminal,

Figure 5 shows an embodiment of resource assignment in a cell of fixed nuli-

steering beamforming.

Detailed description

RS SO2INT EF apphesionades [BRERRGY
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Fig. 1 shows a methoad 100 of fixed null-steering beamforming in a base station,
comprising a first step 101 where the maximum number Muyax of beams in a cell is
calculated. This calculation depends mainly on the number of antennas that the
base station uses to transmit fo the wireless terminals within the cell and to the
sector anguiar coverage within the cell. The maximum number Mpax of beams
denotes an upper bound of the possible beams that may be allocated within a cell.
On a second step 102, the traffic of the base station is measured and compared
with & first threshold E1, The traffic represents all the communications between the
base station and all the wireless terminals within the cell covered by the base
station. If the traffic is smaller than the first threshold E1, the standard reuse-3
systam is used and no fixed orthogonal beams will be formed within the cell.
QOtherwise, if the traffic is bigger than the first threshold, in a third step 103 a first two
beams are set within the cell, so that a fixed null-steering zone covered by both
beams is formed within the cell,

After this third step 103, the location of the wireless terminal A is obtained, The
fourth step 104 obtains the absolute location information for that wireless terminal A
if the wireless terminal is equipped with a Global Positioning System as a GPS or
Galileo. If that is not the case and the wireless terminal does not include any means
to obtain the absolute location information, a fifth step 105 within the base station
calculates an approximate location of the wireless terminal A within the cell. This
location is obtained by calculating the direction of arrival information from the uplink
received signals from the wireless terminal and with the uplink feedback CINR
measurements. After any of these two ways of obtaining the location is completed,
either by obtaining the absolute location information on the forth step 104 or by
obtaining the approximate location of the fifth step 105, the result is used on the
sixth step 108, where it is defined if the location of the wireless terminal A is within
the fixed null-steering zone.

If the wireless terminal A is cutside the fixed hull-steering zone, the wireless terminal
is scheduled o use the standard reuse-3 radio resource system within the reuse 3

B2 O30 EY anpliciHonadet FERIERLS
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radio resource zone. {f the wirecless terminal is within the zone, then the terminal is
scheduled to use the corresponding resources of the fixed null-steering radio. The
steps from 104-108 are repeated for all the wireless terminals located within the cell
covered by the base station.

The maximum number of M.y orthogonal spatial beams may be calculated as;

M =< "M{ums = E(-«-«-j\f;:#}i

2

(1)

‘where 2 denotes the sector angular coverage, N denotes the number of antenna

at base station. As an example if Q= —‘E-;r and base station equips 4 antennas, thus,

2x,
a1

the M <M. =| 2

_ yo =4, Consequently, the number of beams: M =4 and

M =2 may be taken into consideration in the configuration of the fixed null-steering
resources.

The spatial separation of the beams & has to satisfy the relation,

gz . (@)

In the example the result is 62%,
Fig. 2 shows an embodiment of the fixed null-steering beamforming method 200 that
may be applied after the eighth step 108 described in fig. 1. In a first step 201, the
traffic of the base station is compared to a second threshold E2, which is typically
bigger than the first threshold E1. If the traffic within the cell that communicates with
the base station is bigger than the threshold E2, the number of fiked beams is
increasead in a second step 202 and set o, .g. M=4, The M=4 indicates using four

a3 MR EPFappticationade PR
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beams within the area covered by the base station. Otherwise, if the traffic is smaller
than the second threshold, on a third step 203 the current traffic is compared to the
first threshold £1. if the amount of traffic is smaller than the first threshold E1, in a
forth step 204 the normal reuse 3 system is applied for the whole cell and for all the
wireless terminals that communicate with the base station. Otherwise, if the traffic is
bigger than the first threshold, on a fifth step 205 the steps 104-108 described on
fig. 1 are repeated, where the location information for the wireless terminals within
the cell is obtained and the scheduling is decided as whether using the fixed null-
steering resources or the standard reuse 3 radio resources.

Fig. 3 shows two groups of cells 301 and 302 using the fixed null-steering
beamforming method. The first group of cells 301 further comprises the first cell 303
and a second 304 and third cell 305, each including two beams per cell. The second
group of cells 302 further comprises a first cell 306 and the second 307 and third
308. Each one of the second group of cells includes four beams corresponding to
the fixed null-steering method with M=4. The first group of cells 301 with the two
beams per cell corresponds to the configuration obtained when the traffic of the cell
is bigger than a first threshold. All wirgless terminals within the beams zones 309
and 310 are scheduled to use the resources of the fixed null-steering. The beam
zone corresponds o an angle aperiure of the cell, as represented by the zones 308
and 310.

The second group of cells 302 corresponds to the configuration obtained when the
traffic of the cell is bigger than a second threshold E2. This can occur after a switch
from an initial configuration of two beams, as represented in the group of cells 301,
The switch of the configurations between the two beams or the four beams oceurs
adaptively during the aperation and maintenance of the rietwork and during the
scheduling of all the wireless terminals within the cells covered by the base stations.
In general, the coverage of the cell area is bigger for the two beams than the four
beams, and the effactive reuse factor is then smaller for the two beams than the four

heams.

RU23HY UG EP spplicuiendot HERI AR
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In wireless communication systems with frequency division multiple access, a
frequency planning is necessary in order to use the complete spectrum of available
frequency resources and avoid a high co-channel interference level. In a frequency
reuse layout of three sub-bands, each sub-band is allocated in an adjacent cell, the
three adjacent cell forming a so-calied cluster. The reuse factor is denoted by one
third {(1/3). In general, by using a larger cluster size, the co-channel interdference is
smaller, as the cells using the same frequency band are farther away to each other,
but the frequency sub-band is smaller for each individual cell, iimiting the traffic inta
the cell. By displaying a small cluster size of three, the maximal system capagcity
may be approached, obtaining a balance between the co-channel interference and

the cell throughput.

The use of fixed null-steering beamforming schemes enables the complete
frequency reuse of the corresponding sub-band in a number M of spatial and
geographical regions. For these types of schemes, the reuse factor may become
M/3, because the frequency band allocated 1o the wireless terminals are M times
reused. After obtaining the absolute or relative location information of the wireless
terminals, the base station is able to decide if the wireless terminal or the wireless
terminal is scheduled and allocated using the resources of the fixed null-steering
zone or of the normal reuse-3 zone,

The null-steering beamforming is an art of adaptive beamforming for the
suppression of interference and is associated with the concept of spatial domain
multiple access (SDMA), For the fixed null-steering beamforming, the beamforming
weights are not necessary calculated, because the beam patterns are fixed in a
database within the base station and the specific number of beams is determined by
the traffic of the cell.

Fig. 4 shows a wireless communication system 400 comprising 8 base station 401

and wireless terminal 402, The base siation 401 comptises:

Jozast {00301 P apnlisstiorcdee R
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means for 403 calculating a maximum number My of beams per cell by
obtaining a number of antennas of the base station;

means for 404 initiating a fixed null-steering beamforming by setting a
number of fixed beams to M=2 on a beam zone of the call, if a traffic of
the base station is bigger than a first threshold;

means for 405 obtaining an absolute or an approximate location of the
wirsless terminal within the cell;

means for 406 scheduling the wireless terminal to fixed null-steering re-~
source, if the absolute or approximate location of the wireless terminal is
within the beam zone of the cell;

means for 407 setting the number of fixed beams to M=4 of the fixed null-
steering beamforming, if the traffic is bigger than a second threshold.

a computer program product 408 stored on a computer usable medium,

comprising computer readable program means.

The wireless ferminal 402 comprises:

-

means for 409 obtaining the absolute location of the wireless terminal
402

means for 410 sending said absolute location of the wireless terminal 402
to the base station 401.

Fig. 5 shows a cell 501 and a frame 502. The cell 501 represents a cell with a fixed

nuli-steering method including a first null-steering zone §03, a second nuli-steering

zone 504, two wireless terminals U1 and U2 within the first null-steering zone 503

and wireless terminals U3 and U4 on the second nuli-steering zone 504, Further,

the cell comprises a first reuse 3 system zone 505 including two wireless terminals

V1 and V2 and a second reuse 3 zone 508 including a wireless terminal V3 for

wireless terminal.

Accarding to the method of fixed nuli-steering beamforming, two beams within the

celt 501 are created when the traffic of the cell is bigger than a first threshold. Then,

By §
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the Iocation of all the wireless terminals within the cell, including U1 to U4 and Vi to
V3, which according to the wireless terminal characteristics can bg absolute location
information or approximate location information. Further, it is determined that the
wireless terminals U1 and U2 are within the fixed null-steering zone and wireless

terminais U3 and U4 are within the second nuli-steering zone 504. Therefore, these

terminals are aliocated and scheduled within the fixed null-steering zone 507 of the
sub-band 1 of the frame 502. The fixed null-steering zone 507 corrgsponds to a first
sub-zone of the frame 502 and a second sub-zone 508 of the frame 502 is used for
the reuse 3 zone, that is for all the wireless terminals outside the fixed null-steering

Zones.

On a first time domain 509 within the fixed null-steering zone 507, the resource
allocation is shared betweer the wireless terminals U1 and U3 for the whole fixed
null-steering zone 507 within a portion of the time frame. On the second sub-frame
510, the wireless terminals U1 and U4 share a partial amount of resources in the
frequency domain, and the wireless terminais U2 and U4 share the rest of the
frequency resources for the fixed null-steering zone 507. On the reuse-3 zone, the
frame 502 shows the resource allocation for the three wireless terminals V1, V2 and
V3 located outside the beams, assigned 1o the second sub-band 508. The sub-zone
508 describes a separated frequency resource allocation for each one of the
wireless terminals.

G B339 ERappbestiendag HERERAGE
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Claims

e T L L s R

A frequency reuse method in a base station of a Frequency Division Multiplex-
ing Access wireless communication system , said wireless communication sys-
termn comprising at least said base station adapted for covering a cell, at least
one wireless terminal coupled to said base station, said wireless communica-

tion system dividing a frequency band into three frequency sub-bands, wherein

one of said frequency sub-band is assigned to said base station, said method

comprising the steps of:

- calculating (101) a maximum number of beams per cell by obtaining a
number of antennas of said base station;

- initiating (103) a fixed null-steering beamforming by setling & number of
orthogonal fixed beams to a first constant on a beam zone of said cell, if
a traffic of said base station is bigger than a first threshold (102);

- obtaining an absolute {104} or an approximate location (105) of said wire-
less terminal within said cell;

- scheduling (107) said wireless terminal to fixed null-steering radio re~
sources, if said absolute or approximate location of said wireless terminal
is within said beam zone of said cell {106},

- setting (202) said number of fixed beams to a second constant of said
fixed null-steering beamforming, if said traffic is bigger than a second
threshold (201},
wherein said first constant is smaller than said second constant and said

second constant is smaller or equal to said maximum number of beams.

The method as in claim 1, wherein if said wireless terminal comprises a posi-
tioning system (GRS, Galileo), said wireless terminal obtains said absolute o~
cation {104), otherwise said base station obtains said approximats location by
calculating (105) a Direction of Arrival of an uplink signal from said wireless
terminal and an uplink feedback CINR.

AR BR spplicutan.doy FERER R
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The method as in claim 1, wherein said first threshold describes an upper
bound of a traffic of a reuse 3-system of said wireless communication system,
whersin said second threshold describes an upper bound of a traffic of fixed

null-steering beamforming with a first constant of fixed beams.

The method as in claim 1, wherein said method further comprises the steps of:
scheduling said wireless terminal to a reuse-3 resource (107), if said absolute

or approximate location of said wireless terminal is outside said beam zone.

The method as in claim 1, wherein said method further comprises the steps of:

switching to said reuse-3 resources for all wireless terminals located within

said cell, if said fraffic is smaller than said first threshold (204}.

The method as in claim 1, wherein said first constant is an M=2 and said sec-

ond constant is an M=4,

The method as in claim 1, wherein said base station generates a frame (502)
for at least said wireless terminal, said frame (502) comprising a first frequency
portion (507) of said fixed null-steering resources and a second frequency por-
tion (508) of said reuse-3 resources, if said traffic of said base station is bigger
than said first threshold.

A base station (401) for an FDMA digital cellular mobile communication system
being operable to perform in accordance with any one of said preceding

claims.

A computer program product (408) stored on a computer usable medium,
comprising computer readable program means for causing a computer to per-
form a method according to any of said preceding claims 1 to 7 when said pro-

gram is run on said computer.
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