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METHOD AND APPARATUS FOR BASE STATION DIVERSITY DUPLEXING

TECHNICAL FIELD

The present application relates generally to mobile wireless communications. More particularly, it
relates to employing base station diversity to establish and maintain full duplex communication on
a transmission channel.

BACKGROUND

Typical cellular and local area networks operate either in Frequency Division Duplexing (FDD)
or in Time Division Duplexing mode (TDD), wherein communication between user equipments
(UEs) occurs through the network. In FDD operation, a frequency band is dedicated for uplink
(UL) transmissions, where the UE transmits and a base station (BS) of the network receives;
another, non-overlapping frequency band is dedicated for downlink (DL) transmission, where the
BS transmits and the UE receives. In full-duplex FDD, a UE transmits on the UL frequency band
simultaneously with receiving on the DL frequency band. In half-duplex FDD, transmission on
the UL frequency band and reception on the DL frequency band occur only at non-overlapping
time instances. In TDD operation, all communication occurs on the same frequency band and the
same channel within the frequency band, but the UL and DL transmissions occur only at non-
overlapping time instances. Handover or reselection of the UE is typically based on link qualities
between the UE and respective target base stations.

SUMMARY
Various aspects of examples of the invention are set out in the claims.

According to a first aspect of the present invention, there is disclosed a method for forming a first
beam towards a first base station for receiving a first signal on a frequency channel from the base
station and forming a second beam towards a second base station different from the first base
station for transmitting a second signal on the frequency channel towards the second base station
at least in part simultancously with the receiving.

According to a second aspect of the present invention, there is disclosed an apparatus comprising
at least one first antenna element for forming a first beam towards a first base station for receiving
a first signal on a frequency channel from the base station, at least one second antenna element for
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forming a second beam towards a second base station different from the first base station for
transmitting a second signal on the frequency channel towards the second base station at least in
part simultaneously with the receiving.

According to a third aspect of the present invention, there is disclosed a base station comprising at
least one first antenna element for forming a first beam towards a mobile station for receiving a
first signal on a frequency channel from the mobile station, at least one wired interface for
transmitting a second signal towards the mobile station through a second base station different
from the first base station on the frequency channel at least in part simultancously with the

receiving.

According to a third aspect of the present invention, there is disclosed a first base station
comprising at least one first antenna element for forming a first beam towards a mobile station for
receiving a first signal on a frequency channel from the mobile station, the first base station
comprising at least one first interface for transmitting a second signal towards the mobile station
through a second base station different from the first base station, the second base station
comprising at least one second antenna clement for forming a second beam towards a mobile
station for transmitting a third signal corresponding to the second signal on the frequency channel
to the mobile station at least in part simultancously with the receiving.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of example embodiments of the present invention, reference
is now made to the following descriptions taken in connection with the accompanying drawings
in which:

FIGURE 1 depicts a system in accordance with embodiments of the present invention;

FIGURE 2 depicts another system in accordance with embodiments of the present invention;
FIGURE 3 depicts example scenarios for handover or reselection in accordance with embodiments
of the present invention;

FIGURE 4 depicts additional example scenarios for handover or reselection in accordance with
embodiments of the present invention;

FIGURE 5 depicts yet another system in accordance with embodiments of the invention;
FIGURE 6 depicts a flow diagram for a UE in accordance with embodiments of the present
invention;

FIGURE 7 depicts a flow diagram for a BS in accordance with embodiments of the present

invention.
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DETAILED DESCRIPTION OF THE DRAWINGS

An example embodiment of the present invention and its potential advantages are understood by
referring to FIGURES 1 through 7 of the drawings.

FIGURE 1 depicts a system in which a UE (110) is present with the coverage area of a network
comprising BSs (131-135) in accordance with embodiments of the invention. The UE (110) in
general attempts to synchronize to and receive system information from the network for which it
may form a first beam (141) using a frequency channel towards a DL signal of any of the BSs in
the network, for example BS 131. The UE may form a second beam (142) using the same
frequency channel towards any other of the BSs providing an UL, for example BS 134. As a result,
the UE may then both receive from BS 131 through the first beam and transmit to BS 142 through
the second beam substantially simultaneously using the same frequency channel, thereby
employing base station diversity.

In a typical network, multiple BSs are available to provide an UL to the UE. In accordance with
some embodiments of the invention, the UE determines a relative spatial relationship (151)
between the UE, the BS (131) presently proving the DL signal to the UE and at least one of the
BSs (134, 135) available to provide the UL to the UE. Based at least in part on the relative spatial
relationship, the UE may select one of the available BSs to provide the uplink, for example BS
134. The selection may select a BS based on the relative spatial relationship providing an angular
threshold of least about 50 degrees or may select a BS based on the relative spatial relationship
proving an allowable angular range of about 50 to about 150 degrees.

The angular threshold may be measured as the difference between an angle of arrival of the main
lobe of the DL and the angle of deparature of the main lobe of the UL. The selection of a BS to
provide the UL may be biased towards selecting a BS for which the difference is large. For
example, it may apply one or more thresholds to the difference, such as selecting a BS for which
the difference is at least about 50 degrees or selecting a BS for which the difference is between
about 50 to about 150 degrees.

In an alternative embodiment, the UE may, rather than applying angular thresholds, select a BS at
least according to the relative angular relationship in view of a shape of the first beam and potential
beams towards the candidate BSs. For example, in reference to FIGURE 2, the UE may select to
form beam 230 towards BS 260 to provide the UL rather than form a beam 220 towards BS 240,
due to the higher sensitivity of DL beam 210 in the direction of UL beam 220 compared to UL
beam 230.
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In some embodiments, the UL and DL beam may be formed jointly at least in part based on at least
one null of each other’s beam. In the process of selecting a BS for the UL, the beam for the DL
may hence be rotated in accordance with a null of a beam towards a potential UL BS to achieve
an enhanced diversity between the UL and DL while the UL beam is selected in accordance with
a null of the DL beam.

Referring back now to FIGURE 1, information to determine available BSs and their location
relative to the UE may be determined by measurement and adaptively beamforming towards any
measured DL signal. In addition, and especially for BSs providing UL without colocated DL, for
which such measurement and adaptive beamingforming is not possible, such information may be
obtained from a database stored either in the UE or in the network.

Once the UL and DL beams are formed, their alignment with the direction of the BSs providing
the UL and DL respectively may change as a result of device rotation and/or movement. To
maintain the appropriate alignment, rotations of the UE may be determined from at least one of a
compass and an accelerator sensor measurement, in accordance with which the DL and UL beams
may be updated to maintain the alignment. Updating the DL and UL beams may involve selecting
at least one of a new DL or UL base station in accordance a relative spatial angle changed as a
result of rotation or movement. Movement of the device may be determined according

measurements from the accelator sensor and generally any position determining method.

In accordance with embodiments of the present invention, a UE (110) may need to handover or
resclect at least one of the UL and DL to a different BS than the ones to which the current UL and
DL beams are respectively formed, for example because the UE is moving along path 120 as
depicted in FIGURE 1. As a result of the movement, the pathloss between the UE and the UL or
DL BS may exceed a threshold in accordance with commonly known art or may result in an
undesirable relative spatial relationship between the UL BS, the DL BS and the UE, for example
because the angular difference becomes smaller than a threshold. The UE may then select a new
BS for the DL in accordance with a relative spatial relationship between the new BS, the current
serving UL BS and the UE, select a new BS for the UL in a in accordance with a relative spatial
relationship between the new BS, the current serving DL BS and the UE or may simultancously
slectanew BS forthe DL and a new BS for the UL in accordance with a relative spatial relationship
between the new DL BS, the new UL BS and the UE. The DL and/or UL beams are then updated
in accordance with the sclection. In FIGURE 3a, as an example, a handover/reselection (312) of
the UL from a BSy (311) to a BS3 (313) is depicted, while the DL remains served by BS».

It may however occur that no suitable new BS is available either due to non-existence, inadequate
linkbudget or undesirable relative spatial relationship, for example when the angular difference
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between the available DL BS and the available UL BS fails to exceed a minimum threshold,
resulting in insufficient spatial isolation. In such cases, the UE may according to embodiments of
the present invention as a result be forced to switch from employing base station diversity to
frequency division duplexing as depicted in FIGURE 3b where as an example the UL (321, 331)
is moved to a different channel (323) in a full-duplex manner (323, 324) or to time division
duplexing (333, 334) as for example depicted in FIGURE 3c.

As described previously, the UL and DL beams may need to be updated to compensate for device
rotation and/or movement to ensure their continued alignment with the UL BS and DL BS
respectively. It may however occur that the UE is rotating or moving too fast to maintain proper
alignment, resulting in decreased diversity between the UL and DL. In such cases, the UE may
according to embodiments of the present invention as a result be forced to switch from employing
base station diversity (411, 421, 431) to half (413, 414) or full (423, 424) frequency division
duplexing as depicted in FIGURE 4a and FIGURE 4b respectively where as an example the UL is
moved to a different channel or to time division duplexing (433, 434) as for example depicted in
FIGURE 4c. Whether the device rotation and/or movement exceeds an acceptable threshold (412,
422, 432) for the purpose of maintaining alignment may be directly determined from
measurements using the aforementioned compass, accelerometer and positioning methods or may
be indirectly determined from a rate of change in the relative spatial relationship between the DL
BS, the UL BS and the UE.

In the above, embodiments of the invention for determining a relative spatial relation and selecting
a BS for at least one of a DL or UL are described as being effected by a UE. One skilled in the art
will however understand that through exchange of information with at least one BS, such
determining and selecting may be made for the UE by any network device, such as a BS or a
mobility management entity (MME).

In FIGURE 5, a UE (520) is shown with its serving UL BS (532) and its serving DL (BS), the UE
forming beams (542, 541) towards the UL BS and DL BS respectively, the DL and UL BS selected
in accordance with the relative spatial relationship (550) between the UL BS, the DL BS and the
UE. The UL BS employs at least onc antenna clement (571) for forming a beam (561) on a
frequency channel towards the UE for receiving transmissions from the UE, whereas the DL BS
employs at last one antenna element (572) for forming a beam (562) on the frequency channel
towards the UE for transmitting towards the UE. In some embodiments, the UL BS transmits
information through an interface (580), for example a (wired) X2 interface, to the DL BS for the
DL BS to transmit to the UE. Such information may for example information for controlling the
UL transmissions at the UE to the UL BS or user data to be transmitted to the UE. In other
embodiments, the DL BS transmits information regarding its transmissions to the UL BS for the
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purpose of managing interference from beam 562 into beam 561. Additionally, the UL BS may
transmit information regarding its scheduled receptions, such as for example information relating
to the position of UEs from which it is scheduled to receive transmissions at a certain time, for the
purpose of managing interference from beam 562 into beam 561. Information exchanged over
interface 580 hence may comprise both user data for the UE, information for controlling the UL
and DL transmissions and receptions at the UE and information for coordination between the UL
BS and DL BS.

The UL BS (532) may determine the DL BS from information received from the UE. The UL BS
may also determine a relative spatial relationship between itself, the UE and candidate DL BSs for
the UE. For example, the UL BS may retrieve position information of itself, the UE and candidate
DL BSs and compute an angular difference at the UE between the UE’s UL beam (542), directed
towards the eNBs UL beam (562) formed by the at least one antenna element 572, and any beam
541 the UE may form towards the DL beam (561) formed by at lcast one antenna clement (571)
of respective candidate DL BSs (531). At lcast in part based on the relative spatial relationship,
the UL BS may select a DL BS to serve the UE and instruct the DL BS initiate transmission to the
UE. Such instruction may comprise information related to the position or direction relative to the
DL BS of the UE, such that the DL BS may form beam 561 at least based on this information.
Once a DL BS is serving the UE, the DL BS in its turn in similar fashion determine a new UL BS
for the UE. It is also within the scope of the present invention that a serving UL BS may determine
a new UL BS for the UE to handover/reselect to in this manner and that a serving DL BS may
determine a new DL BS for the UE to handover/reselect to in this manner. As not all information
received from the UL BS is to be transmitted to the UE and the signal format of information over
the interface 580 is in general different than the signal format of the DL link between the DL BS
and the UL, the DL BS will in general which information of the information received from the UL
BS, and in what signaling format, to transmit to the UE.

FIGURE 6 depicts a flow diagram of methods according to various embodiments of the invention.
At 610, a first beam is formed by a UE towards a DL BS for receiving a first signal on a frequency
channel from the DL BS. At 620, a relative spatial relationship is determined between the UE, the
DL BS at at least one candidate UL BS different from the DL BS. At 630, a UL BS is selected at
least in part based on the determined relative spatial relationship. At 640, a second beam is formed
towards the selected UL BS. At 650 the UE transmits to the UL BS and receives from the DL BS
substantially simultaneously on the same channel, thereby exploiting the diversity achieved by the
selection of the DL BS at least based on the determined relative spatial relationship.

At 660, the UE determines a need to handover or reselect from the UL BS to a new UL BS, where
the need may for example be determined based on signaling from the DL BS, a measured link
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quality or a relative spatial relationship between the UE, the DL BS and the UL BS. At 670, the
UE determines for at least one new candidate UL BS a relative spatial relationships between the
UE, the DL BS and the new candidate UL BS. Based on the determined relative spatial
relationship, may select a new UL BS from the at least one new candidate UL BSs.

If the relative spatial relationship between the UE, the DL BS and the sclected new UL BS is
satisfactory, for example an angular difference being above a minimum threshold or falling within
an acceptable range, then the UE may proceed with base station diversity using the selected new
UL BS by transmitting to the selected new UL BS and receiving from the DL BS substantially
simultancously on the same channel (671). If it is not satisfactory, the UE may for example switch
from operating according to base station diversity to operating according to full duplex frequency
division duplexing by transmitting to any UL BS and receiving from the DL BS on different
channels (672). As an alternative, the UE may for example switch to operating according to a time
division duplexing by receiving from the DL BS on the channel and transmitter either to the UL
BS or the selected new UL BS on the channel not simultaneously with the receiving (673). That
is, if base station diversity cannot be maintained with the currently serving UL BS and with a
selected new UL BS, the UE may switch to operating according to TDD either with the currently
serving UL BS or the selected new UL BS.

At 680, a rate of rotation or movement of the UE is determined. At least in dependence on the rate
exceeding a threshold, the UE may for example switch from operating according to base station
diversity to operating according to full duplex frequency division duplexing by transmitting to any
UL BS and receiving from the DL BS on different channels (681). Alternatively, the UE may for
example switch to operating according to a time division duplexing by receiving from the DL BS
on the channel and transmitter to the UL BS on the channel not simultancously (682).

FIGURE 7 depicts a flow diagram of methods according to various embodiments of the invention.
At 710, a UL beam is formed towards a UE. In some embodiments, a sclection (740) of a DL BS
may be received from the UE. In other embodiments, a relative spatial relationship between the
UE, a UL BS providing the UL beam and at least one candidate DL BS may be determined (720).
For example, the angular difference at the UE between the UEs beam towards the UL BS and
towards the candidate DL BS may be determined. In some embodiments, the location of the UE
may be received through the UL beam for this purpose, or it may be determined by a network
using any positioning method.

Once the relative spatial relationship has been determined, a DL BS may be sclected from the at
least one candidate DL BSs based on the relative spatial relationship. The selected DL BS may
then be prompted to form a beam towards the UE, for which it may receive the location of the UE
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to assist in forming the beam. Once the DL beam has been formed, the UL BS providing the UL
beam may then receive from the UE substantially simultaneously with the transmission of the DL
BS using the DL beam, exploiting the base station diversity achieved through the relative spatial
relationship.

Without in any way limiting the scope, interpretation, or application of the claims appearing below,
a technical effect of one or more of the example embodiments disclosed herein is that an apparatus
according to the invention ensures an adequate spatial separation between the UL and DL,
relieving the need for complex interference cancelation between UL and DL or other separation
methods such as antenna phasing, pulse interleaving or code spreading.

Embodiments of the present invention may be implemented in software, hardware or a
combination thereof. The software and/or hardware may reside on chips comprising for example
dedicated circuits or DSPs. In an example embodiment, the software or an instruction set is
maintained on any one of various conventional computer-readable media. In the context of this
document, a “computer-readable medium” may be any non-transitory media or means that can
contain, store, communicate, propagate or transport the instructions for use by or in connection
with an instruction execution system, apparatus, or device, such as a computer. A computer-
readable medium may comprise a computer-readable storage medium that may be any non-
transitory media or means that can contain or store the instructions for use by or in connection with

an instruction execution system, apparatus, or device, such as a computer.

While embodiments of the invention are described in terms of user equipment and base stations,
one skilled in the art will appreciate that the invention is not limited to such devices and may be
practiced using other devices using any air interface, such as for example any WLAN client using
a network of WLAN access points or a wireless sensor using a network of sensor receptors.

Although various aspects of the invention are set out in the independent claims, other aspects of
the invention comprise other combinations of features from the described embodiments and/or the
dependent claims with the features of the independent claims, and not solely the combinations
explicitly set out in the claims.

It is also noted herein that while the above describes example embodiments of the invention, these
descriptions should not be viewed in a limiting sense. Rather, there are several variations and
modifications which may be made without departing from the scope of the present invention as
defined in the appended claims.
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WHAT IS CLAIMED IS

An apparatus comprising:

at least one first antenna element for forming a first beam towards a first base station
for receiving a first signal on a frequency channel from the base station;

at least one second antenna element for forming a second beam towards a second
base station different from the first base station for transmitting a second signal on the
frequency channel towards the second base station at least in part simultancously with the

receiving.

The apparatus of claim 1 further comprising at least one processor and at least one memory
including computer program code, the at least one memory and the computer program
code are configured, with the at least one processor, to cause the apparatus at least to
determine a relative spatial relationship between the second base station, the first
base station and the apparatus; and
select the second base station at least in part in dependence of the relative spatial
relationship.

The apparatus of claim 2 wherein the relative spatial relationship comprises a difference of
an angle of arrival at the apparatus of the first signal received from the first base station
and the angle of departure of the second signal from the apparatus towards the second base

station.

The apparatus of claim 3, the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to select the
second base station biased towards the difference being large.

The apparatus of claim 3, the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to select the
second base station based on the difference exceeding 50 degrees.

The apparatus of claim 2, wherein the relative spatial relationship is determined at least in
part according to measurements by the apparatus.

The apparatus of claim 2, wherein the relative spatial relationship is determined at least in
part according to position information of the first and second base station obtained from a
database.
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10.

11.
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The apparatus of claim 1, wherein the at least one first antenna element and the at least one
second antenna clement form the first and second beam at least in part based on at least
one null of each other’s beam.

The apparatus of claim 1, wherein at least one of the first and second beams are adjusted

according to at least one of a compass and an accelerator sensor measurement.

The apparatus of claim 1 further comprising at least one processor and at least one memory
including computer program code, the at least one memory and the computer program
code are configured, with the at least one processor, to cause the apparatus at least to

determine a second relative spatial relationship between a third base station, the first
base station and the apparatus; and

switch in dependence of the second relative spatial relationship from transmitting the
second signal on the frequency channel towards the second base station at least in part
simultaneously with the receiving to:

transmitting the second signal on the frequency channel towards the third base station
at least in part simultancously with the receiving; and at least one of

transmitting the second signal on a different frequency channel towards the third base
station at least in part simultancously with the receiving; and

transmitting the second signal on the same different frequency channel towards the
second base station not simultaneously with the receiving.

The apparatus of claim 1 further comprising at least one processor and at least one memory
including computer program code, the at least one memory and the computer program
code are configured, with the at least one processor, to cause the apparatus at least to

determine a rate of rotation of the apparatus; and

switch in dependence of the rate of rotation from transmitting the second signal on the
frequency channel towards the second base station at least in part simultancously with the
receiving to: transmitting and receiving the first and second signal to the first or second
base station according to a full frequency division duplexing or a half frequency division
duplexing or a time division duplexing.

. A base station comprising:

at least one first antenna element for forming a first beam towards a mobile station
for receiving a first signal on a frequency channel from the mobile station;

at least one wired interface for transmitting a second signal towards the mobile
station through a second base station different from the first base station on the frequency
channel at least in part simultancously with the receiving.
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The base station of claim 10, further comprising at least one processor and at least one
memory including computer program code, the at least one memory and the computer
program code are configured, with the at least one processor, to cause the apparatus at least
to

determine a relative spatial relationship between the second base station, the base
station and the mobile station; and

select the second base station at least in part in dependence of the relative spatial
relationship.

The base station of claim 11 wherein the relative spatial relationship comprises a difference
of an angle of departure at the mobile of the first signal transmitted towards the first base
station and the angle of arrival at the mobile station of a third signal associated with the
second signal from the second base station.

The apparatus of claim 12, the at least one memory and the computer program code are
configured, with the at least one processor, to cause the base station at least to sclect the
second base station biased towards the difference being large.

The apparatus of claim 12, the at least one memory and the computer program code are
configured, with the at least one processor, to cause the base station at least to sclect the
second base station based on the difference exceeding 50 degrees.

The apparatus of claim 12, wherein the relative spatial relationship is determined at least

in part according to measurements received from the mobile station.

The apparatus of claim 12, wherein the relative spatial relationship is determined at least
in part according to position information of the first and second base station obtained from
a database.

An apparatus comprising:

a first base station comprising at least one first antenna element for forming a first
beam towards a mobile station for receiving a first signal on a frequency channel from the
mobile station;

the first base station comprising at least one first interface for transmitting a second
signal towards the mobile station through a second base station different from the first base

station;
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the second base station comprising at least one second antenna element for forming
a second beam towards a mobile station for transmitting a third signal corresponding to the
second signal on the frequency channel to the mobile station at least in part simultaneously
with the receiving.

The apparatus of claim 17, the second base station further comprising

at least one second interface for receiving the second signal from the first base
station; and

at least one processor and at least one memory including computer program code,
the at least one memory and the computer program code are configured, with the at least
one processor, to cause the apparatus at least to

determine the third signal from the second signal.

The apparatus of claim 17, further comprising:

at least one processor and at least one memory including computer program code,
the at least one memory and the computer program code are configured, with the at least
one processor, to cause the apparatus at least to

determine a relative spatial relationship between the first or second base station, a
third base station and the mobile station; and

select to handover the mobile station from the first or second base station to the
third base station at least in part in dependence of the relative spatial relationship.

The base station of claim 19 wherein the relative spatial relationship comprises a difference
of an angle of departure at the mobile of the first signal transmitted towards the first base
station and the angle of arrival at the mobile station of a fourth signal from the third base

station.

The apparatus of claim 20, the at least one memory and the computer program code are
configured, with the at least one processor, to cause the base station at least to sclect the
third base station biased towards the difference being large.

The apparatus of claim 20, the at least one memory and the computer program code are
configured, with the at least one processor, to cause the base station at least to select the
third base station based on the difference exceeding 50 degrees.

The apparatus of claim 19, wherein the relative spatial relationship is determined at least

in part according to measurements received from the mobile station.
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26. The apparatus of claim 20, wherein the relative spatial relationship is determined at least
in part according to position information of the third base station and the first or second
base station obtained from a database.
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