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MODES

1

(57) Abstract: The present invention relates to a node (1, 1) in a wireless

muy:

FiG. 2a

communication system, the node (1, 1') comprising at least one transceiver
unit (2; 2a), a first antenna function (3, 3') and a second antenna function (4,
4"). The antenna functions comprise at least a corresponding first antenna
function first port connection (7, 7') and second antenna function first port
connection (8, 8'). The transceiver unit (2, 2a) is arranged to communicate by
means of at least one frequency band (B). Each port connection (7, 8; 7', 8')
is at least connectable to said transceiver unit (2, 2a) via electrical signal
delays (11, 12, 13, 14; 15, 16) of different magnitudes. In a first mode of op-
eration, a certain resuming main radiation lobe (17, 18, 19, 20; 21, 22, 23,
24) is acquired when the antenna functions are receiving and/or transmitting
for each frequency (13, f2, £, fi;, f1, £, f5, fy) in the frequency band (8). Said
main radiation lobe (17, 18, 19, 20; 21, 22, 23, 24) have a main pointing dir-
ection (25, 26, 27, 28; 29, 30, 31, 32) with a certain angular direction (al,
a2, a3, a4; P1, B2, P3, P4) in azimuth and elevation with respect to a fixed
angular direction (33, 34). The angular direction (a1, o2, 3, o4; p1, p2, B3,
p4) for every certain frequency (i, f2, f3, fi;, f1, f2, 3, f4) is different from the
angular direction for any other frequency. The present invention also relates
to a corresponding method.
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TiTLE
A node in a wireless communication system, the node having different functional

modes

TECHNICAL FIELD

The present invention relates to a node in 3 wireless communication system, the
node comprising at least one transceiver unit, a first antenna function and a second
antenna function. The first antenna function comprises at least a first antenna
function first port connection and the second artenna function comprising at least a
second antenna function first port connection. The transceiver unit is arrangsed o

communicate by means of at least one frequency band.

The present invention also relates (o a method in a nede in a wirgless communication
system, the method comprising the step of receiving andior fransmitting signals using
at least a first antenna function and a second antenna function when communicating

using at least one frequency band.

BACKGROUND

The use of mobile phones and wireless broadband has increased rapidly during the
last decade, and it is expected o grow even faster the coming vears. To meet the
gxpected demands, the operators will have o increase the capacilty in the
communication systems. One way 1o do this is to deploy more base stations and use
smalier celis, such that a2 more efficient spatial reuse can be utilized and the capacity
of the system can be increased. But with many small cells and a dense deployment
of base stations, the so-called co-channe! interference between different cells will
probably be increased. The large amount of base stations will also result in a higher
anergy consumption which will cost a lot of money and has a negative environmental

effect.
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The load of a typical cell varies over the day, but typically, the lcad is relatively low,
Unfortunately, the base stations consume quite much power even though there is no

data transmitied

Therefore there is a need for reducing the oufput power of the base stations, for
example by tuming off power amplifiers when not neaded. Previously, this has been
done as so-cafled antenna muting, which basically means that one or several
antennas and their corresponding radio chains are turned off when they are not
needed. However, this means that relatively expensive equipment is unused during

certain times.

There is thus a need for a more sfficient handling of reduction of power consumption,

at the same time as the base station equipment is used as afficlently as possible.

SUMMARY
f is an object of the present invention to provide a more efficient handling of
reduction of power consumption, af the same time as the base station equipment is

used as efficiently as possible.

This object is achieved by means of a node in a wireless communication system, the
node comprising at least one transceiver unit, a first antenna funclion and a second
antenna function. The first antenna function comprises at least a first antenna
function first port connection and the second antenna function comprising at least a
second antenna function first port connection. The fransceiver unit is arranged to
communicate by means of at least one frequency band. Each port connection is at
least connectable to said transceiver unit and is associated with a corresponding
etectrical signal delay with respect {o the transceiver unit. All electrical signal delays
are of different magnitudes, such that in a first mode of operation, for each frequency
iry the frequency band, a certain resulting main radiation iobs is acquired when the
antenna functions are receiving and/or transmitting. Sald main radiation lobe has a
main pointing direction with a certain angular direction in azimuth and elevation with
respect 1o a fixed angular direction in azimuth and slevation. The anguiar direction for

every certain frequency is different from the angular direction for any other frequency.
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According to an example, said port connections are connectable to said fransceiver
unit via a power combining and/or power dividing means and a first switching means
positioned between a common port of the power combining andfor power dividing
means and said transceiver unil. The power combining and/or power dividing means

comprises an individual port for each antenna function port connection.

According to ancther example, the power combining and/or power dividing means is
connectable to the first antenna function first port connection via a second switching
means. In this case, the first switching means and the sacond switching means may
be arrangsd o swilch said fransceiver unit {o be directly connected to the first
antenna function first port connection in a second swiich mode, and {o switch said
transceiver unit to be connected {o the first antenna function first port connection via

the power combining and/or power dividing means in a first switch mode.

Furthermore, the power combining and/or power dividing means may be conneclable
o the second antenna function first port connection via a third switching means. The
third switching means is arranged to swilch said transceiver unit to be connected to
the second antenna function first port connection iy a first switch moede, and to switch
a further transceiver unit to be connected o the second antenna function first port

connhection 1 a8 second switch maode.

According to another example the first swilch mode and the second swiich mode s
commion for the first switching means, second switching means and third switching

means, the first switch mode corresponding 1o the first mode of gperation.

According to another example, sach antenna funcltion comprises orthogonally
polarized antenna elements, where sach antenna function comprises a port

connection for each polarization,

This obiect is also achieved by means of 3 method in a node in a wireless
communication system, the mesthod comprising the step of recelving andior
fransmitting signals using at least a first antenna function and a second antenna

function when communicating using at least one frequency band. The method further
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comprises the step of combining and delaying the signals {o and/or from the antenna
functions such that for each frequency in the frequency band, 3 certain resulting main
radiation lobe is acquired when the antemna functions are receiving andfor
fransmitting. A main pointing direction of said main radiation lobe have a cerfain
angular direction in gzimuth and elevation with respect to a fixed angular direction in
azimuth and elevation. The angular direction for each frequency is diffsrent from the

angular direction for any other frequency.

According to an example, the method alsc comprises the step of switching at least
one fransceiver unit betwsen a first antenna function first port connection and a

power combining and/or power dividing means.

Furthermore, the method may alsc comprise the step of switching a2 second antenna
function first port connection between a second fransceiver unit and an individual port
of the power combining and/or power dividing means via a second electrical signal

delay.

Other examples are apparent from the dependent claims

A number of advantages are provided by means of the present invention.

Taoday, the antennas of base stations, user terminals, repeaters and relays fransmit
energy in the same directions for the whole frequency band. However, often only a
part of the frequency band is used in every direction, which means that unnecessary
much t{ransmission power iz used and the inter-cell interference becomes

unneceassarily high.

By means of the present invention, nodes such as base stations, relays, repesters
and user terminals may save energy which will reduce the cost and favor the
environment. Furthermore, the inter-cell interference will be reduced which will

increase the capacity of the communication system.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described more in detall with reference to the

appended drawings, where:

Figure 1a

Figwre 1b

Figure Z2a

Figure 2b

Figure 3a

Figure 3b

Figure 4a

Figure 4b

Figure 5

Figure 8

schematically shows a node according o a first exampie of the present

invention in a second mode of operation;

schematically shows a top view of the node according to the first

exampile of the present invention in the second mode of operation;

schematically shows the node according to the first example of the

present invention in a second mode of operation;

schematlically shows a top view of the node according to the first

exampie of the present invention in the second mode of operation;

schematically shows a node according to a second example of the

present invention in a second mode of operation;

schematically shows a top view of the node according fo the second

gxample of the present invention in the second mode of operation;

schematically shows the node according to the second example of the

present invention in a second mode of operation;

schematically shows a lop view of the node according fo the second

example of the present invention in the second mode of operation;

schematically shows a node according to a third example of the present

invention;

schematically shows a node according to a fourth example of the present

invention:
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Figure 7 schematically shows a node according fo a fifth example of the present

invention;

Figure 8  shows a flow chart of a method according 1o the present invention; and

Figure 8 schematically shows a dual polarized antenna function which is suited for

use in a node according 1o the present invention.

DETAILED DESCRIPTION

With reference to Figure 18 and Figure 2a, there is a node 1 in 3 wireless
communication system according o a first example. The node 1 comprises a
transceiver unit 2, a first anfenna function 3, a second antenna function 4, a third
antenna function 5 and a fourth antenna function 8. The first antenna function 3
comprises a first antenna function first port connection 7, the second aniemna
function 4 comprises a second antenna function first port connection 8, the third
antenna function 5 comprises a third antenna function first port connection 8 and the
fourth antenna function 8 comprises a fourth antenna function first port connection
10. The fransceiver unit 2 is arranged o communicate by means of at least one

frequency band B, and comprises a radio unit 53 and an amplifier unit 54,

For this example, and all other following examples, the description will be directed
towards transmission of signals via the antenna functions 3, 4, bul of course the

oresent invention is just as applicable for reception of signals.

As shown in Figure 1a, showing a second mode of operation, the fransceiverunit 2 is
connected the first antenna function 3 via a first switching means 38 and second
switching means 42. The other antenna functions 4, 5, & are not connected o the
fransceiver unit 2. With reference aiso io Figure 1b, showing a schematical top view
of the antenna function arrangement, it is shown how the first antenna function 3

transmits via a single antenna radiation lobe 55.



15

15

20

25

30

WO 2012/163386 7 PCT/EP2011/058738

As shown in Figure 2a, showing a first mode of operation, the first switching means
36 instead connects the fransceiver unit 2 fo a common port 37 of a power divider 35,
the power divider 35 having individual output poris 38, 39, 40, 41.

According fo the present invention, each individual output port 38, 39, 40, 41 is
connected fo a corresponding antenna function port connection 7, 8, 8, 10 via

corresponding phase delay lines 11, 12, 13, 14.

More in detail, a first output port 38 is connected to the first antenna function first port
connection 7 via a first phase delay line 11, a second output port 39 is connected to
the second antenna function first port connaction 8 via a second phase delay line 12,
a third output port 40 is connected 1o the third antenna function first port connection 8
via & third phase delay line 12 and a fourth output port 41 is connected to the fourth
antenna function first port connection 10 via a fourth phase delay line 14,

Each phase delay line 11, 12, 13, 14 Is constituted by an electrical conductor of a
certain length, such that there are different phase delays betweean each oufput port
38, 39, 40, 41 and corresponding antenna function port connection 7, 8, 9, 10. This
means that a signal that is transmitled from the transceiver unit 2 is divided such that
it is fed o all the antenna functions 3, 4, §, 8 with a certain delay for each antenna
function 3, 4, 5, 8 such that a main radiation iobe is acquired. By means of the phase
delay lines 11, 12, 13, 14, the resulting main radiation lobe will have a certain

pointing direction for a cerlain frequency.

The frequency band B comprises a first frequency §, a second frequency f, a third

frequency f; and a fourth frequency §,.

This is #iustrated i Figure 2b showing a schematical top view of the antenna
functions 3, 4, 5, 6, where, for the first frequency §; there is a first main radiation lobe
17, for the second frequency §; there is a second main radiation lobe 18; for the third
frequency s, there is a third main radiation lobe 18; and for the fourth frequency .,
there 8 a fourth main radistion lobe 20. Each main radiation lobe has a

cofresponding main pointing direction 25, 268, 27, 28, where aach main pointing
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direction 25, 26, 27, 28 has a certain angular direction o4, 2, O3, 0« in azimuth with
respect 1o a fixed angular direction 33, The fixed angular direction 33 is here direcied
perpendicular to a plane P running along a2 plane in which the apertures of the
antenna functions 3, 4, 5, § are distributed, the fixed angular direction 33 aisc being

known as boresight.

Regarding the elevation angle, the main pointing directions 25, 28, 27, 28 are
assumed fo be pointing in the same elevation angle along a piane than runs through

the fixed angular direction 33

For all examples in this description, the antenna functions 3, 4, 5, 8 have =
longitudinal extension L, defining a height of the antenna functions and, for reasons
of clarity, being indicated only in Figure 1, although the longitudinal extension L is
applicable for all examples of the present invention. The elevation angle is defined as
a direction along said longitudinal extension, and the azimuth angle is defined as a
direction perpendicular o longitudinal exiension, running around the anienna

functions 3, 4, 5, 6 as shown in Figure 2b.

The elevation plane mentioned may run perpendicular to the longitudinal extension L.

In this example, as shown in Figure 2b, the first frequency {; provides a first main
pointing direction 25 with g first azimuth angle o4, the second frequency f; provides a
second main pointing direction 26 with a second azimuth angle ¢, the third
frequency 5 provides a third main pointing direction 27 with a third azimuth angle as,
and the fourth frequency f; provides a fourth main pointing direction 28 with a fowrth

azimuth angle q..

The azimuth «, O, 03, Q¢ are in the examples such that the first main pointing
direction 25 to the fourth main pointing direction 28 successively change from a
leftmost direction to a rightmost direction with directions as shown in Figure 2b. This
is a consequence of the phase delay lines 11, 12, 13, 14 being fonger and longer

from the first phase delay line 11 to the fourth phase delay line 14,
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in the first mode of operation, the gain will be increases compared with the second
mode of operation, which means that less power needs o be transmitted in the first
mode of operation. The first mode of operation could be used during low fraffic
scenarios, for exampile during the night, to save energy. During day-time, when the

traffic is usually higher, the second mode of operation could be used insiead.

Regarding control channe! information, the node 1 could be reconfigured o several
carriers so that the control channels will be distributed over the whole frequency
band.

in this example, with reference to Figure 1a and Figure 2a, the first switching means
36 and the second switching means 42 are arranged to switch said fransceiver unit 2
to be directly connected to the first antenna function first port connection 7 in a
second switch mode, and to switch said transceiver unit 2 {o be connected to all the
antenna function port connections 7, 8, 8, 10 via the power divider 35 in a first switch
mode. The first switch mode corresponds o the first mode of operation, and the

second switch mode corresponds to the second mode of operation.

in a second example, with reference to Figure 33 and Figure 43, there is a node ¥
comprising a first fransceiver unit 2a, a second transceiver unit 2b, a first anfenna
function 3’ and a second antenna function 4. The first antenna function 3’ comprises
a first antenna function first port connection 77 and the second antenna function &
comprises a second antenna function first port connection &. The transceiver unils
2a, 2b are arranged o communicate by means of at least one frequency band B,
and each comprises a corresponding radic unit 53a, 53b and an amplifier unit b4a,
54b.

As shown in Figure 3a, showing a second mode of operation, the first transceiver unit
2a is connecled the first antenna function 3’ via a first swilching means 38 and
second swilching means 42'. Furthermore, the second transceiver unit 2b is
connected the second antenna function 47 via a third swilching means 43. Wih

reference also fo Figure 3b, showing a schematical top view of the antenna function
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arrangement, it is shown how the first antenna function 3’ and the second antenna

function 4’ fransmits via a resuiting antenna radiation iobe 58.

As shown in Figure 4a, showing a first mode of operation, the first swiiching means
36" instead connects the first transceiver unit 2a to a common port 37 of a power

divider 35', the power dividsr 35" having individual output poris 38, 39.

in accordance with the present invention, each individual oulput port 38, 39 is
connected to a corresponding antenna function port connection 7', & via

corresponding phass delay lines 15, 18.

More in detall, a first output port 38 is connected {o the first antenna function first
port connection 7' via a first phase delay fine 15, and a second output port 39" is
connected {o the second antenna function first port connection 8 via a second phase

delay line 18

As in the first example, the frequency band B’ comprises a first frequency 4, a

second frequency §, a third frequency T’ and a fourth frequency {4

Furthermore, in the first mode of operation, a signal that is transmitted from the first
transceiver unit 2a is divided such that it is fed o all the antenna functions 3', 4" with
a certain delay for each antenna function 3, 4', such that 3 main radiation lohe is
acguired. By means of the phase delay lines 15,18, the resulting main radiation lobe
will have a certain pointing direction for a certain frequency as in the previous

example.

This is #lustrated in Figure 4b showing a schematical top view of the antenna
functions 3, 4, 5, 6, where, for the first frequency §y’ there is a first main radiation lobe
21; for the second freguency f' there is a second main radiation lobe 22, for the third
frequency T3, there is a third main radiation lobe 23; and for the fourth frequency {4
thers is a fourth main radiation lobe 24. Each main radiation lobe has &
corresponding main pointing direction 28, 30, 31, 32, where each main pointing

direction 29, 30, 31, 32 has a cerfain angular direction B+, 8., Bs, Bsin azimuth with
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respect to a fixed anguiar direction 34. As previously, the fixed angular direction 34 is

directied perpendicular {o the plane P,

The second example Hlustrates a node 1’ with two transceivers 2a, 2b, which means
that the node 1' can be used for precoding and multi-layer transmission in the second
mode of operation. When there is a low traffic load in the system, the second
fransceiver 2b will be turned off in order to save energy in the first mode of operation.
in order to be able fo use the second antenna function 4', both antenna functions 3,
4’ are connected o the same transceiver 2a. In the second mode of operation, there
is one base band for each transceiver 2a, 2b, but in the first mode of operation, there

is only one base band left.

i a following third example, it will be described how the present invention can be
applied to an FOD (Freguency Division Duplex) system. With reference to Figure 5,
an antenna array consisting of a first antenna function 45, a second antenna function

4 and a third antenna function 47 is uyssd.

A first set of three connecting lines 57 connect a tfransmitter unit 58 to a first duplexer
48, a second duplexer 49 and z third duplexer 50, respectively. These three
connecting lines 57 each comprise a corresponding phase delay 59, 60, 61. In a
corresponding way, a second set of three connecting lines 82 connect a receiver unit
63 to the first duplexer 48, the second duplexer 49 and the third duplexer 50,
respectively. These three comnnedcling lines 82 sach comprise a corresponding phase
delay 64, 85, 68.

Each duplex filler 48, 49, 50 is comprised in a corresponding antenna function 45,
46, 47 such that each antenna function 45, 48, 47 is arranged for both fransmission

and raeception.
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Generally, for an FDD system some calculgtions are needed in order to achieve
about the same coverage for downlink as for uplink. A downlink frequency band
starts al fuar and ends atl fuop Where feemer 18 the middle frequency. Furthermore, y
denotes the length difference of the connecting lines for two adjacent antenna
functions. In order to let the coverage be symmetrical around broad side, v should be

muitiples of Ay, which is the wavelength for feenter, 58€ eguation (1) below:

¥ = XA, (1)

where X is an integer.

The phase difference at the sxcitation for two adjacent antennas, al, for the

frequency faan is calculated using squation {2) below:

7Y Sy
|5 S XAg &

@ =+ Nlp =200 4 Nog (2)
Ay A,

where A, is the wavelength for f4r and N is an arbitrary integer. The angle ¢ of the
main pointing direction of the radiation lobe for fi is be calculated using equation

{3) below:

sin{g, )= 24 (3)

2md
where d is the distance between the antenna elements.
By inserting equation (2} in {o equation {3} one gats equation {4) below:
dsin{f, )= x4, = NA, {4
By testing different integers of x, the angle 84 could be determinad. The angle 8; of

the main pointing direction of the radiation lobe for f4., will be about the same as &

bt pointing in the opposite direction. The uplink is then calculated in the same way.
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3=
L2

fn order to show how the above could be used, some exemplary figures will be used

for the third example.

In the example, the downlink uses the frequency band 1700-1800 MHz and the
uplink uses the frequency band 1800-2000 MHz. The antenna separation d is 0.5 A
@ 1850 MHz. First, different values for x are tested for the downlink. For x=5, 8; and

8: become 18° according to equation {4).

Since it is desirable to achieve about the same coverage for the uplink, different
values for x are tested again. x=7 gives € and &, =20°. The resulting radiation
patiern for the uplink can be seen in figure 13. It is thus evident that the coverage of

the downiink and the uplink almost are the same.

For a TDD (Time Division Duplex) system, the calculations can be made a bit simpler

if one sets d= Ay/2. Then equation (4) can be rewritten in to equation (5) below:

NP . A
sin{@, ) = 2x £ 2N -;L {5)
Mt

The present invention can also be used for aggregated spectrums, for example two
frequency bands such as 1800-1840 MHz and 2200-2240 MHz

it is not necessary to make one single product for each frequency band. In a fourth
example, a first operator uses the frequency band 700-750 MHz and a second
operator uses the frequency band 750-800 MHz. With fixed phase delays, these two
different frequency bands will point in different directions. However, as shown in
Figure 8, two antenna functions 87 are connected to a power divider 68 where phase
delay lines 88 are placed between the antenna functions 67 and the power divider
68. The antenna funclions 87 radiate antennz radiation lobes 70 in dJdifferent

directions for different frequencies.
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However, in this example, a phase shifter 71 has been added {o one of the two
antennas 88. With help of this phase shifter 71, the antenna radiation obes 70 of the

two frequency bands can be pointed in arbitrarily directions.

Figure 7 shows a filth example of the present invention. In the same way as in
several previous examples, antenna funclions are connecited {o phase delay Hnes as
shown with the reference number 72. A franscelver 73 comprises amplifiers 74. In
this example, a hybrid 75 has been placed beftwsen the amplifiers 74 and the
antennas functionsfphase delay fines 72. With this architecture, no swilching is
needed. However, some baseband processing 76 must be done to compensate for
the hybrid 75,

For the present invention in #is most general form, a node comprises at least a first
antenna funclion 3, 3’ and a second antenna function 4, 4’ comprising corresponding
antenna function port connections 7, 8; 7', 8. The node also comprises at least one
transceiver unit 2, 2a which is arranged {o communicate by means of at least one
frequency band B. Each port connection 7, 8; 7', 8 is at least conneciable to the
fransceiver unit 2, 2a and is associated with a corresponding phase delay 11, 12, 13,
14; 15, 18 with respect {o the transceiver unit 2, 2a. All phase delays 11, 12, 13, 14;
15, 18 are of different magnitudes. In this way, in a first mode of operation, for each
frequency §y, Tz, f3, g 17, &', fy, & in the frequency band (B), a certain resulling main
radiation lobe 17, 18, 18, 20; 21, 22, 23, 24 is acquired when the antenna functions
are receiving andfor transmitting, a main pointing direction 25, 28, 27, 28, 29, 30, 31,
32 of said main radiation lobe 17, 18, 18, 20; 21, 22, 23, 24 having a certain angular

direction ¢4, Og, Ga, da; Sy, By, Bs, Bs in azimuth,

Of course, the present invention can be applied for having antenna radiation lobes
being directed in different directions for different frequencies in elevation as well; ail
the examples discussed may be applied for elevation as well as for azimuth.
Normally, one of the azimuth and elevation angle is practically the same for ali
frequencies, but the antenna functions may be designed to have antenna radiation
lobes that are directed in different directions for different frequencies in both azimuth

and elevation.
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With reference to Figure 8, the present invention also relates to a methad in a node
in a wireless communication system, the method comprising the steps:

51: receiving andfor transmitting signals using at least a first antenna function 3, ¥
and a second antenna function 4, 4 when communicating using at least one
frequency band B; and

52: combining and delaying the signals to and/or from the antenna functions 3, 4; 3,
4’ such that for each frequency fr, &, i, fg ', 2, &, ' in the frequency band B, a
certain resulting main radiation lobe 17, 18, 19, 20; 21, 22, 23, 24 is acquired when
the antenna funclions 3, 4; 3", 4’ are receiving and/or fransmitting. A main pointing
direction 25, 28, 27, 28; 29, 30, 31, 32 of said main radiation lobe 17, 18, 18, 20: 21,
22, 23, 24 have a cerlain anguar direction au, 0z, da, as; 81, B2, Ba, Bs in azimuth and
elevation with respect o a fixed angular direction 33, 34 in azimuth and elevation.
The angular direction o, dz. 03, 04 B4, Bz, Ba. B4 for each frequency fy, fa, f, {4 fy', &2,

3, fa' is different from the angular direction for any other frequency.

Although the present invention has been described for antenna functions only having
on antenna port, a first port, the present invention is of course applicable for other
types of antennas, such as for example dual polarized antennas having two ports.
With reference to Figure 8, an antenna function 3a comprises orthogonally polarized
antenna elements 44, where each antenna function 3a comprises a port connection
7, 7a for each polarization, in this case a first antenna function first port connection 7
and a first antenna function second pori connection 7a. This configuration can be

applicabie Yor all antenna functions in the previous examples.

The present invention is not limited to the examples above, but may within the scope
of the appended claims. For example, each antenna function can have any suitable
polarization with corresponding antenna ports, and may in iself comprise any
suitable number of antennas. Each antenna comprised in the antenna functions may
comprise any suitable number of antenna elements, the antenna elements being of

any desired type such as patches, siots, dipoles and any combination theraof.
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The first phase delay line 11 is shown as a straight conductor in Figure 1a and Figure
2a, while the following delay lines 12, 13, 14 are shown a3s meandered conductors of
increasing length. This should, however, only be interprated symbolically, since thers
are many ways to realize a phase delay line for all the examples, such as for

exampie by means of phase shifters.

The term phase delay line may be constituted by time delay or frequency dependent

phase delay, and is generally to be regarded as an electrical signal delay.

in the examples, four frequencies with corresponding main radiation lobes have been
disclosed, but the number of frequencies in the freguency band B used may vary,
and is normally fimited by the bandwidth needed for each carrier frequency, ie. by

the frequency resoclution in the system.

An important feature of the present invention is to provide an analog architecturs for
varying the phase sellings on each antenna element over freguency for an antenna
array. How the phase seitings on each antenna slement vary over freguency can be

either fixed or adaptive.

One typical application where the present invention could be applied is when using

antenna muting for low traffic scenarios.

The present invention has been described for a node in a wireless communication
system, where such a node for example may be constituted by a base station, relays,

repeaters and user terminals.

As mentioned previously, the present invention is applicable for both fransmission
reception, and the power divider 35, 35’ thus generally constitutes a power combining
and/or power dividing means 35, 35, where the input andfor ocutput ports generally

constitute individual poris,
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The general term switching means have been used for the switches 38, 42, 38, 42,
43 described. The swilching means may be constiiuted by any kind of suilable
switches, such as for example PIN diode swilches or mechanical switches.
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CLAIMS

1. A node (1, 1) iIn a wireless communication system, the nede (1, 1)
comprising at least one transceiver unit (2; 2a), & first antenna function (3, 3Y and a
second antenna function (4, 47}, the first antenna function (3, 3') comprising at least a
first antenna function first port connection (7, 7') and the second antenna function (4,
4} comprising at least a second antenna function first port connection (8, &), said
transceiver unit {2, 2a) being arranged fo communicate by means of at least one
frequency band (B), characterized in that each port connection (7, 8, 7', 8) is at
least connectable to said transceiver unit (2, 2a) and is associated with &
corresponding electrical signal delay (11, 12, 13, 14; 15, 18) with respect o the
transceiver unit (2, 2a), all electrical signal delays {11, 12, 13, 14; 15, 18} being of
different magnitudes, such that in a first mode of operation, for each frequency (fy, fu,
fa, fs; 1, &, 1, 1) in the frequency band (B), a certain resulting main radiation lobe
{17, 18, 19, 20; 21, 22, 23, 24) is acquired when the artenna functions are receiving
andfor transmitting, a main pointing direction (25, 26, 27, 28; 28, 30, 31, 32) of said
main radiation obe (17, 18, 19, 20; 21, 22, 23, 24} having a certain angular direction
{ay, Oz, O3, &4 B4, Ba, Ba, Ba) in azimuth and elsvation with respect to a fixed angular
direction (33, 34} in azimuth and elevation, the angular direction {ay, o2, g, 0y By, B2,
B2, Ba) for every certain frequency (fy, f, §, fg; &', &, &', {4) being different from the

angular direction for any other frequency.

2. A node according to claim 1, characterized in that said port connections
{7, 8, @, 10, 7', 8} are connectable o said transceiver unit (2, 2a) via a power
combining and/or power dividing means {35, 38" and a first swilching means {38,
36") positioned between a common port {37, 37") of the power combining andfor
power dividing means (35, 3%) and sald transceiver unit {2, 2a)., the power
combining andfor power dividing means (35, 35"} comprising an individual port (38,
3%, 40, 41, 38", 39') for each antenna function port connection (7, 8, 8, 10, 7, 8.

3. A node according to claim 2, characterized in that the power combining
andfor power dividing means (35, 35"} is connectable to the first antenna function first
port connection (7, 7') via g second switching means (42, 42°).
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4, A node according to claim 3, characterized in that the first switching
means (36, 38") and the second switching means (42, 42" are arranged o swiich
said transceiver unit (2, 2a) to be directly connected fo the first antenna function first
port connection (7, 77} in a second switch mode, and to switch said {fransceiver unit
{2, Za} to be connecled to the first antenna function first port connection (7, 7'} via the
power combining and/or power dividing means (35, 35" in a first switch modes.

5. A node according to claim 4, characterized in that the power combining
andfor power dividing means (35, 35} is connectiable to the second antenna function
first port connsction (8, 8') via a third switching means (43}, where the third switching
means (43} is arranged o swilch said fransceiver unit {(2a) {o be connected to the
second antenna funclion first port connection {8, §') in a first swilch mode, and {o
switch a further fransceiver unit {2b) fo be connectad to the second antenna function

first port connection (8, 8") in a second switch mode.

B. A node according to claim 5, characterized in that the first switch mode
and the second swilch mode I8 common for the first switching means (38, 38",
second switching means {42, 42" and third swilching means {(43), the first switch

made corresponding to the first mods of operation.

7. A node according o any one of the previous claims, characterized in
that each antenna function (3a) comprises orthogonally polarized antenna slements
{44}, where each antenna function (3a) comprises a port connection (7, 7a) for each

polarization.

8. A node according to any one of the previous claims, characterized in
that each antenna function {45, 46, 47) comprises a corresponding duplex filter (48,
49, 80y such that each antenna function {45, 46, 47) is aranged for both

fransmission and reception.
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8. A node according {o any one of the previous claims, characterized in
that the power combining and/or power dividing means is constituted by a hybrid
{75},
kN 7

16, A node according to any one of the previous claims, characterized in
that each electrical signal delay (11, 12, 13, 14; 15, 16} is constifuted by a delay line
where each delay line is an integer times 3 wavslength corresponding to a suitable
frequency in said frequency band, said integer starting with zero for the first antenna

function (3, 3') and increasing for sach further antenna function.

1. A method in 8 node in a wireless communication system, the msthod
comprising the step:

{51} recelving and/or transmitting signals using at least a first antenna
function {3, 3') and a second antenna function {4, 4} when communicating using at
least one frequency band (B);
characterized in that the method comprises the step:

(52} combining and delaying the signals fo andfor from the antenna
functions (3, 4; 3, 4') such that for each frequency {f, ©, &, Iy &, & &, &) in the
frequency band (B}, a certain resulting main radiation lobe {17, 18, 19, 20; 21, 22, 23,
24} s gequired when the antenna functions (8, 4; 3, 4} are receiving andfor
fransmitling, & main pointing direction (25, 28, 27, 28; 29, 30, 31, 32) of said main
radigtion lobe (17, 18, 19, 20; 21, 22, 23, 24} having a certain angular direction {(as,
Oz, Ga, Qs By, Ba, Bs, By in azimuth and elevation with respect o a fixed angular
direction (33, 34} in azimuth and slevation, the angular direction (g, o, ¢, Q4 B+, B2,
Ba, Ba) for each frequency {fy, §, fa, f4 f1, &, ', ) being different from the angular

direction for any other frequency,

12. A method according {o claim 12, characterized in that the method
comprises the step of:

switching at least one transceiver unit (2, 2a) befween a first antenna
function first port connection {7) and a power combining and/or powsr dividing means
{35, 357
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13, A method according to claim 12, characterized in that the method
comprises the step of:

switching a second antenna function first port connection {(8') between a
second fransceiver unit {2b) and an individua! port {39} of the power combining

and/or power dividing means (3%') via a second electrical signal delay {18).

14. A method according to any one of the claims 11-13, characterized in
that the method comprises the step of:

using a corresponding duplex filter (48, 49, 58} in each antenna function
{45, 48, 47) such thal each antenna function (45, 48, 47) is usable for both

fransmission and reception.

15. A node according fo any one of the claims 11-14, characterized in that

3 hybrid (75) is used as a power combining and/or power dividing means.
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