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(57) Abstract: In communication of data between a first base station (110) and a mobile terminal (100), a second base station (120)
may handle uplink transmissions (20) from the mobile terminal (100). For this purpose, the first base station (110) sends, to the
second base station (120), a request to handle the uplink transmissions (20) from the mobile terminal (100). The handling of the up -
link transmissions (20) to be performed by the second base station (120) includes scheduling of the uplink transmissions (20) so as
to obtain uplink scheduling information. Via a backhau 1 link (50), the second base station (120) transmits the uplink scheduling in-
formation to the first base station (110). The first base station (110) includes the uplink scheduling information into downlink trans -
missions (10) to the mobile terminal (100).
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Communication of data using independent downlink and uplink connections

Technical Field

The present invention relates to methods for communication of data using independent
downlink (DL) and uplink (UL) connections to a mobile terminal, and to corresponding
devices.

Background

In mobile communication networks, such as 3GPP networks (3GPP: Third Generation
Partnership Project) there is a continuing need for higher throughputs. In UL communication,
i.e., in communication from a mobile terminal to the network, transmit power limitations in
mobile terminals and constraints on the UL budget mean that such higher throughputs
typically necessitate smaller cell sizes than is typically deployed for present cellular systems.
For example, in heterogeneous networks, also referred to as HetNet, conventional base
stations (BSs), referred to as Macro BSs, are complemented by further BSs, which are
usually deployed closer to the end users, e.g., on street level. As compared to the Macro
BSs, these further BSs typically transmit at a lower power. In the following, these further BSs
will also be referred to as Pico BSs. The Pico BSs can use carrier frequencies from the same
spectrum as the Macro BSs or may use carrier frequencies from another spectrum.

In current cellular networks, e.g., 3GPP Long Term Evolution (LTE), cell association is based
on a Reference Signal Received Power (RSRP) measurement by the mobile terminal. That is
to say, the respective RSRPs as measured for different BSs are used as a basis for selecting
a serving BS of the mobile terminal, which then sends DL transmissions to the mobile
terminal and receives UL transmissions from the mobile terminal. The RSRP depends on the
transmit (Tx) power of the respective BS. In the case of a heterogeneous network
deployment, there may be a large imbalance in the Tx power between a Macro BS and a
Pico BS. Specifically, Macro BSs usually transmit at a high Tx power level, e.g., 46 dBm,
whereas Pico BSs may use a much lower Tx power level, e.g., 30 dBm, or even less. Thus,
the difference in Tx power between transmitted reference signals can be 16 dB or more. The
RSRP is indicative of a DL channel quality between the BS and the mobile terminal. As
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compared to that, the UL channel quality between the mobile terminal and the BS depends
on the signal damping, also referred to as pathloss, between the mobile terminal and the BS.

In conventional homogeneous networks, the BS that provides the highest RSRP is identical
to the BS that yields the lowest average pathloss. However, this is not the case in
heterogeneous networks. The imbalance in the Tx power among the different types of BSs
may lead to a situation where a mobile measures a higher RSRP from a Macro BS, although
it is located closer to a Pico BS and its pathloss to the Pico BS is smaller than the pathloss to
the Macro BS. In this case, it would be preferable for the mobile terminal to receive data from
the BS with the highest RSRP, i.e., from the Macro BS, and to transmit data to the BS with
the lowest pathloss, i.e., to the Pico BS.

Accordingly, in a heterogeneous network conventional RSRP-based cell association may
result in suboptimal performance in the UL.

A suggested way to balance the performance between DL and UL in a heterogeneous
network is to use independent DL and UL connections, i.e., to use one BS for the DL and
another BS for the UL. Specifically the UL transmissions of mobile terminals located at a cell
border of a Macro BS may then benefit from the improved UL channel quality to a Pico BS
which is closer to the mobile terminal than the Macro BS.

Accordingly, there is a need for techniques which allow for efficiently implementing
independent DL and UL connections to a mobile terminal.

Summary

According to an embodiment of the invention, a method of communicating data between a
first base station and a mobile terminal is provided. According to the method, the first base
station sends, to a second base station, a request to handle uplink transmissions from the
mobile terminal. The handling of the uplink transmissions to be performed by the second
base station comprises scheduling of the uplink transmissions so as to obtain uplink
scheduling information. The first base station receives the uplink scheduling information from
the second base station. Further, the first base station sends downlink transmissions to the
mobile terminal. The downlink transmissions include the downlink scheduling information

received from the second base station.
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According to a further embodiment of the invention, a method of assisting in communicating
data between a first base station and a mobile terminal is provided. According to the method,
a second base station receives, from the first base station, a request to handle uplink
transmissions from the mobile terminal. Further, the second base station performs
scheduling of the uplink transmissions from the mobile terminal so as to obtain uplink
scheduling information. Further, the second base station sends the uplink scheduling
information to the first base station so as to be included into downlink transmissions from the
first base station to the mobile terminal.

According to a further embodiment of the invention, a base station is provided. The base
station comprises a radio interface to send downlink transmissions to a mobile terminal and
to receive uplink transmissions from the mobile terminal. Further, the base station comprises
a backhaul interface to communicate with a further base station. Moreover, the base station
comprises a processor to control operations of the base station. These controlled operations
comprise:

- via the backhaul interface, the base station sending to the further base station a request to
handle uplink transmissions from the mobile terminal, said handling of the uplink
transmissions comprising scheduling of the uplink transmissions so as to obtain uplink
scheduling information;

- via the backhaul interface, the base station receiving the uplink scheduling information from
the second base station; and

- via the radio interface, the base station sending downlink transmissions to the mobile
terminal, said downlink transmissions comprising the uplink scheduling information received

from the further base station.

According to a further embodiment of the invention, a base station is provided. The base
station comprises a radio interface to send downlink transmissions to a mobile terminal and
to receive uplink transmissions from the mobile terminal. Further, the base station comprises
a backhaul interface to communicate with a further base station. Moreover, the base station
comprises a processor to control operations of the base station. These controlled operations
comprise:

- via the backhaul interface, the base station receiving from the further base station a request
to handle uplink transmissions from the mobile terminal;

- the base station performing scheduling of the uplink transmissions from the mobile terminal
S0 as to obtain uplink scheduling information; and
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- via the backhaul interface, the base station sending the uplink scheduling information to the
further base station so as to be included into downlink transmissions from the further base
station to the mobile terminal.

According to a further embodiment of the invention, a communication system is provided.
The communication system comprises a first base station and a second base station. The
communication system is configured to perform operations comprising:

- the first base station sending, to the second base station, a request to handle uplink
transmissions from a mobile terminal;

- the second base station receiving the request to handle uplink transmissions from the
mobile terminal;

- the second base station performing scheduling of the uplink transmissions from the mobile
terminal so as to obtain uplink scheduling information;

- the second base station sending the uplink scheduling information to the first base station;
the first base station receiving the uplink scheduling information; and

- the first base station sending downlink transmissions to the mobile terminal, said downlink
transmissions including the uplink scheduling information received from the second base
station.

According to further embodiments, other methods, devices, or computer program products
including program code to be executed by a processor for implementing the methods may be

provided.

Brief Description of the Drawings

Fig. 1 schematically illustrates a mobile communication network environment in which
concepts of data communication according to an embodiment of the invention can be
applied.

Fig. 2 shows a signaling diagram of a process for establishing independent DL and UL
connections according to an embodiment of the invention.

Fig. 3 schematically illustrates an implementation of independent DL and UL connections
according to an embodiment of the invention.

Fig. 4 shows a signaling diagram of a communication process while using independent DL
and UL connections according to an embodiment of the invention.
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Fig. 5 schematically illustrates a base station according to an embodiment of the invention.

Fig. 6 shows a flowchart for illustrating a method according to an embodiment of the

invention.

Fig. 7 shows a flowchart for illustrating a further method according an embodiment of the

invention.

Detailed Description of Embodiments

In the following, the invention will be explained in more detail by referring to exemplary
embodiments and to the accompanying drawings. The illustrated embodiments relate to
concepts for independent uplink communication from a mobile terminal. In the illustrated
examples, it will be assumed that downlink and uplink communication is implemented
according to 3GPP LTE. However, it is to be understood that the illustrated concepts may
also be applied in other types of mobile communication networks.

Fig. 1 schematically illustrates a mobile communication network environment, i.e.,
infrastructure of a mobile communication network, represented by a first base station (BS)
110 and a second BS 120, and a mobile terminal 100 to be used in the mobile
communication network. The mobile terminal 100 may be, e.g., a mobile phone, portable
computer, or other type of user equipment (UE). In the following, the mobile terminal 100 will
also be referred to as UE. As illustrated, the communication network supports an
independent link mode using independent DL and UL connections to the UE 100. In the
independent link mode the UE 100 receives DL transmissions 10 from the first BS 110 and
the second BS 120 receives UL transmissions 20 from the UE 100. For implementing the
independent link mode, the first BS 110 and the second BS 120 communicate via a backhaul
link 50. However, the communication network also supports a conventional mode in which
the UE 100 receives DL transmissions from one of the BSs 110, 120 and this BSs 110, 120
also receives the UL transmissions from the UE 100.

As further illustrated, the mobile communication network is based on a heterogeneous
network deployment in which the first BS 110 corresponds to a Macro BS and the second BS
120 corresponds to a Pico BS. This means that the second BS 120 transmits at a lower Tx
power than the first BS 110. In accordance with the illustrated 3GPP LTE scenario, the BSs
110, 120 may each correspond to an evolved Node B (eNB) and the DL and UL
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transmissions 10, 20 may be transmitted accross the Uu radio interface. The backhaul link
50 may be established by directly connecting the BSs 110, 120, e.g., via the X2 interface, or
by indirectly connecting the BSs 110, 120, e.g., via one or more intermediate nodes using
several X2 and/or S1 interfaces. The backhaul link 50 that can be wire based, e.g., using
optical fiber, twisted pair copper lines, and/or coaxial lines, or can be wireless, e.g., using
microwave transmission, Wireless Local Area Network (WLAN), or LTE. In some scenarios,
the backhaul link 50 may also be implemented by a combination of wire based transmission
and wireless transmission, e.g., by using any combination of the above-mentioned examples

of wire based and wireless technologies.

Whether the conventional mode or the independent link mode is used may be selected, e.g.,
on the basis of the pathloss from the UE 100 to the second BS 120. More specifically, the
selection may be on the basis of the difference between the pathloss from the UE 100 to the
second BS 120 and the pathloss from the UE 100 to the first BS 110. Concepts of selecting
between the conventional mode and the independent link mode will now be further explained
by referring to illustrative cell border lines CB1 and CB2 in Fig. 1.

The cell border line CB1 illustrates a cell border between the first and second BSs 110, 120
when assuming a selection mechanism on the basis of the pathloss. In this pathloss-based
selection mechanism, the BS having the lowest pathloss would be selected for handling
communications with the UE 100. The pathloss-based selection mechanism is favorable in
view of UL performance. The cell border line CB2 illustrates a cell border between the first
and second BSs 110, 120 when assuming a selection mechanism on the basis of received
signal quality at the UE 100, e.g., on the basis of the RSRP. In this received-signal quality
based selection mechanism, the BS offering the highest received signal quality at the UE
would be selected for communicating with the UE 100. The received-signal quality based

selection mechanism is favorable in view of DL performance.

In the illustrative scenario of Fig. 1, the UE 100 is located in a transition area between the
cell border lines CB1 and CB2. This means that, the pathloss-based selection mechanism,
which is favorable in view of UL performance, would select the second BS 120, whereas the
received-signal quality based selection mechanism, which is favorable in view of DL
performance, would select the first BS 110. In this situation, overall performance can be
improved by selecting the independent link mode.

The pathloss PL from a UE to a BS may be estimated by the difference between the RSRP
at the UE and the Tx power at the BS. In this case, it can be seen that the UE 100 being in
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the transition area between the first BS 110 and the second BS 120 means that the RSRP of
the first BS 110, denoted by RSRP1, the RSRP of the second BS 120, denoted by RSRP2,
the Tx power of the first BS 110, denoted by PTx1, and the Tx power of the second BS 120,
denoted by PTx2, satisfy the relation:

RSRP1 - RSRP2 < PTx1 - PTx2. (1)

Relation (1) may therefore be used to identify whether a particular UE is located in the
transition area between two BSs. The needed RSRPs can be obtained from measurement
reports. The Tx powers can be obtained, e.g., from Operations and Maintenance data or by
using exchanging messages with neighboring BSs.

Fig. 2 shows a signaling diagram for schematically illustrating a process for establishing the
independent DL and UL connections to the UE. More specifically, Fig. 2 illustrates
communication between the first BS 110 and the second BS 120. In the process of Fig. 2, it
is assumed that the first BS 110 is the serving BS 110 of one or more UEs, i.e., controls
communications with respect to these UEs. This selection may be based on a conventional
selection mechanism, e.g., on the basis of a received signal quality at the UE such as
represented by the RSRP.

At step 201, the first BS 110 identifies one or more transition UEs among the UEs served by
the first BS 110. As explained above, the transition UEs are UEs for which the first BS 110
offers the highest received signal quality at the UE, but another BS provides a lower pathloss
than the first BS 110. The transition UEs may be identified using relation (1). Further, the
transition UEs may be identified by comparing results of a received-signal quality based
selection mechanism, e.g., on the basis of the RSRP, to results of a pathloss-based selection
mechanism. Accordingly, both types of selection may be applied, and if for a certain UE the
received-signal quality based selection mechanism indicates that the first BS 110 should be
selected, whereas the pathloss-based selection mechanism indicates that another BS should
be selected, this UE may be identified as a transition UE. Here, it should be noted that if for a
certain UE the received-signal quality based selection mechanism indicates that another BS
than the first BS 110 should be selected, this UE may be identified as a candidate for a
handover to the other BS. In some scenarios, also a transition UE may be identified as a
candidate for a handover, e.g., if for a certain UE the received-signal quality based selection
mechanism indicates that another BS than the first BS 110 should be selected, but this other
BS is different from a BS indicated by the pathloss-based selection mechanism. For
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example, the pathloss-based selection mechanism may indicate a still further BS or may
indicate the first BS 110.

Having identified at least one transition UE, e.g., the UE 100 as illustrated in Fig. 1, a BS for
handling UL transmissions from the transition UE is selected at step 202. In the illustrated
example, the second BS 120 is selected. The selection may be based on the pathloss. More
specifically, the second BS 120 may be selected on the basis of a difference between the
pathloss from the transition UE to the first BS 110 and the pathloss from the transition UE to
the second BS 120. For example, the second BS 120 may be selected if it provides a lower
pathloss from the transition UE than the first BS 110. If there are multiple BSs providing a
lower pathloss from the transition UE than the first BS 110, the second BS 120 may be
selected among these multiple BSs as the one providing the lowest pathloss from the
transition UE. Further, in view of relation (1), the second BS 120 may also be selected on the
basis of a difference between the Tx power of the first BS 110 and the Tx power of the
second BS 120.

It should be noted that the selections of steps 201 and 202 may be combined using a single
selection mechanism. For example, the pathloss-based selection mechanism of step 201
may be used to identify one or more transition UEs, and at the same time the BS for handling
UL transmissions from the respective transition UE. In particular, the other BS as indicated
by the pathloss-based selection mechanism may also be selected as the BS for handling UL
transmissions from the respective transition UE.

The first BS 110 then sends a message 203 to the second BS 120. The message 203
includes a request to handle UL transmissions from one or more of the UEs which were
identified as being in the transition area between the first BS 110 and the second BS 120.
The request may include or be accompanied by additional information, e.g., information for
identifying the UE or UEs to which the request pertains, information on reference signals
used by the UE or UEs to which the request pertains, UL scheduling information of the UE or
UEs to which the request pertains, information on characteristics of the UE or UEs to which
the request pertains, and/or information on an expected load associated with requested
handling of the UL transmissions. Using the received information, the second BS 120 may
perform measurements on the UL transmissions from the identified UEs. For example, the
second BS 120 may determine a timing advance offset needed to synchronize the UL
transmissions from the identified UE or UEs with other UL transmissions from UEs already
handled by the second BS 120.
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The second BS 120 may reject the request, e.g., if capacity available at the second BS 120
is not sufficient for the requested handling of UL transmissions. Otherwise, the second BS
120 may accept the request. The second BS 120 may indicate the rejection or acceptance of
the request by sending a message 204 to the first BS 110. The message 204 may also
include information on the cell load or on the amount of resources that the second BS 120 is
willing to provide for handling the UL transmissions. Further, the message 204 may include
information about a timing advance offset needed to synchronize the UL transmissions of a
UE to which the request of message 203 pertains with UL transmissions of other UEs
already handled by the second BS 120.

If the message 204 indicates acceptance of the request, the first BS 110 may send a further
message 205 to the second BS 120. The message 205 may confirm the setup of
independent DL and UL connections and/or may include UE specific information to be used
by the second BS 120 in handling the UL transmissions. For example, this UE specific
information may include a reference signal (RS) of the UE or UEs from which UL
transmissions are to be handled, e.g., demodulation RS and/or sounding RS, and/or a UE
specific scrambling sequence of the UE or UEs from which UL transmissions are to be
handled. In modifications of the above process, the UE specific information may also be
included in the message 203.

In an embodiment, the second BS 120 measures on UL transmissions from a UE to which
the request of message 203 pertains the timing advance offset needed for the UL
transmissions from this UE to be synchronized with UL transmissions from other UEs already
handled by the second BS 120. In message 204, the second BS 120 may then include this
measured timing advance offset. On the basis of the received timing advance offset, the first
BS 110 may decide to cancel the procedure by not sending the conformation message 205,
e.g., because the received timing advance offset does not comply with its own timing
advance offset.

In the above process, the received-signal quality based selection mechanism may be the
basis of first selecting the serving BS. In particular, each UE may be associated with its
serving BS using conventional RSRP-based cell association. Among its served UEs, each
serving BS may then identify those which are in the transition area to another BS and set up
the independent UL connection to the other BS. In this way, the use of independent DL and
UL connections can be kept transparent to the UEs.



10

15

20

25

30

35

WO 2012/113448 PCT/EP2011/052679
-10 -

Fig. 3 schematically illustrates the implementation of the independent DL and UL
connections according to an embodiment of the invention. In Fig. 3, elements which
correspond to those of Figs. 1 and 2 have been designated by the same reference signs, and
reference is made also to the corresponding description in connection with Figs. 1 and 2. As
illustrated, the first base station 110 sends DL transmissions 10 to the UE 100. The DL
transmissions 10 include DL payload data 12 and DL control data 14. In accordance with the
illustrated LTE scenario, the UL payload data 12 may be sent on a Physical Downlink Shared
Channel (PDSCH) and the DL control data 14 may be sent on a Physical Downlink Control
Channel (PDCCH). Further, the second base station 120 receives UL transmissions 20 from
the UE 100. The UL transmissions 20 include UL payload data 22 and UL control data 24. In
accordance with the illustrated LTE scenario, the UL payload data 22 may be sent on a
Physical Uplink Shared Channel (PUSCH) and the UL control data 24 may be sent on a
Physical Uplink Control Channel (PUCCH). The first BS 110 does not monitor the UL
transmissions 20 from the UE 100. The second BS 120 in turn does not send any DL
transmissions to the UE.

Accordingly, in the scenario of Fig. 3 it is the second BS 120 which receives not only the UL
payload data 22 but also the UL control data 24, whereas the first BS 110 still transmits the
DL payload data 12 and the DL control data 14. Using the backhaul link 50, the second BS
120 may then forward at least a part of the control data 24 and optionally also the payload
data 22 to the first BS 110. In particular, the second BS 120 may forward control data which
are used by the first BS 110 for controlling the DL transmissions 10 to the UE 100. Further,
the second BS 120 may also generate control data from the received UL transmissions 20
and send the generated control data to the first BS 110 via the backhaul link. The control
data transmitted from the second BS 120 to the first BS 110 may include measurement
reports generated by the UE 100, e.g., as represented by a Precoding Matrix Indicator (PMI),
a Channel Quality Indicator (CQl), a RSRP, a Received Signal Strength Indicator (RSSI), a
Rank Indicator (RI), Channel State Information (CSl), and/or a mobility report. Further,
control data transmitted from the second BS 120 to the first BS 110 may include messages
for acknowledging receipt of a DL transmission 10 or for acknowledging receipt of an UL
transmission 20, e.g., as represented by a positive acknowledgement (ACK) message or
negative acknowledgement (NACK) message of the Hybrid Automatic Repeat Request
(HARQ) protocol. Here, it is to be noted that an acknowledgement message for a DL
transmission 10 would be generated by the UE 100, transmitted to the second BS 120 with
the UL control data 24, and then forwarded from the second BS 120 to the first BS 110 via
the backhaul link 50. As compared to that, an acknowledgement message for an UL
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transmission 20 would be generated by the second BS 120, transmitted to the first BS 110,
and then forwarded by the first BS 110 to the UE 100 with the DL control data 14.

When handling the UL transmissions 20 from the UE 100, the second BS 120 is responsible
for handling scheduling of the UL transmissions 20 from the UE 100. Scheduling of the UL
transmissions 20 may in particular include allocation of time/frequency resources and/or Tx
power adjustment for the UL transmissions 20. Further, the scheduling information may also
include a timing advance offset to correct the start of a UL transmission 20. Scheduling of the
DL transmissions 10 to the UE 100, which may in particular include allocation of
time/frequency resources and Tx power adjustment for the DL transmissions 10, is turn
accomplished by the first BS 110, but may take into account the control data received from
the second BS 120, e.g., measurement reports or acknowledgement messages for DL
transmissions. Scheduling of the UL transmissions 20 by the second BS 120 allows for
efficiently implementing the independent DL and UL connections because the BS receiving
the UL transmissions 20 also performs the scheduling for these UL transmissions 20.
Scheduling processes as already provided for UL transmissions of UEs served by the
second BS can be reused. However, the obtained UL scheduling information, e.g.,
time/frequency resource allocations, Tx power adjustment, and/or timing advance offset, is
not transmitted directly from the second BS 120 to the UE 100, but rather sent to the first BS
110 so as to be forwarded to the UE 100 with the DL control data 14. For the UE 100, the
independent implementation of the DL and UL connections can remain transparent, i.e., the
UE 100 may operate in the same way as if it would communicate with the first BS 110 only.

Fig. 4 shows a signaling diagram of a communication process while using independent DL
and UL connections, e.g., independent DL and UL connections as established using the
process of Fig. 2 and implemented as explained in connection with Fig 3.

In the illustrated process, the second BS 120 monitors UL transmissions from the UE 100. As
illustrated, the second BS 120 receives a particular UL transmission 401 from the UE 100.
Reception (Rx) processing is illustrated at step 402. The reception processing may include,
e.g., demodulation and conversion to digital samples.

At step 403, the second BS 120 performs decoding of the received UL transmission 401. The
decoding process may also include verifying integrity of reception, e.g., by performing a
cyclic redundancy check (CRC). The decoding process may be based on a UE specific
scrambling sequence used by the UE 100.
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The second BS 120 then transmits a message 405 to the first BS 110. The message 405
may include control data generated by the second BS 120 in the decoding process, in
particular acknowledgement messages. More specifically, if the integrity of reception was
verified at step 403, the message 405 may include a HARQ protocol ACK message, and if
the integrity of reception was not verified at step 403, the message 405 may include a HARQ
protocol NACK message. The message 405 may also include decoded payload data. By
sending the decoded payload data to the first BS 110, the first BS 110 may be the BS to
supply the UL payload data to the network, which means that also from the network
perspective the first BS 110 appears as the serving BS for the UE 100.

At step 406, the second BS 120 selects control data from the received UL transmission 401.
More specifically, the second BS 120 may select acknowledgement messages for DL
transmissions generated by the UE 100 and/or measurement reports generated by the UE
100. The second BS 120 then sends the selected control data with a message 407 to the first
BS 110. The first BS 110 may use the received control data for controlling DL transmissions
to the UE 100, e.g., for performing scheduling of DL transmissions.

At step 408, the second BS 120 performs scheduling of UL transmissions so as to obtain UL
scheduling information. The UL scheduling information may in particular include allocation of
time/frequency resources, Tx power adjustment, and/or timing advance offset for one or
more future UL transmission by the UE 100. The scheduling of UL transmissions may be
based on channel quality measurements on the UL connection from the UE 100 to the
second BS 120. Since the second BS 120 itself monitors the UL transmissions from the UE
100, the channel quality measurements can be efficiently and precisely performed by the
second BS 120 and be used directly as input parameters of the scheduling process. With
message 409, the second BS 120 sends the UL scheduling information to the first BS 110.

The first BS 110 receives the message 409 with the UL scheduling information from the
second BS 120 and includes the UL scheduling information into a DL transmission 410 of
control data. The DL transmission may also include other control data to be forwarded to the
UE 100, such as the acknowledgement message received with messages 405, or control
data generated by the first BS 110, e.g., control data pertaining to DL transmissions.

It is to be understood that information as transmitted with messages 405, 407 and 409 may
also be combined into a smaller number of messages. For example, only a single message
including the information as transmitted with messages 405, 407 and 409 may be sent from
the second BS 120 to the first BS 110. Further, the second BS 120 may perform scheduling
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of the UL transmissions at any suitable time, e.g., before the selection of step 406, before the
decoding of step 403, or before the reception of step 402.

Fig. 5 schematically illustrates exemplary structures for implementing the above-described
concepts in a BS, e.g., in the first BS 110 of Figs. 1 to 4 or in the second BS 120 of Figs. 1 to
4.

In the illustrated structure, the BS includes a radio interface 130 for transmitting DL
transmissions and/or for receiving UL transmissions. It is to be understood that for
implementing transmit functionalities the interface 130 will include one or more transmitters,
and that for implementing receive functionalities the interface 130 will include one or more
receivers. The interface 130 may correspond to the Uu radio interface according to 3GPP
LTE. The interface 130 is capable of receiving and decoding UL transmissions not only from
UEs served by the BS, but also from UEs served by another BS. Further, the BS includes a
backhaul interface 140 for communicating with one or more other BSs, e.g., for implementing
the backhaul link 50 as illustrated in Figs 1 and 3.

Further, the BS includes a processor 150 coupled to the interface 130 and a memory 160
coupled to the processor 150. The memory 160 may include a read-only memory (ROM),
e.g. a flash ROM, a random-access memory (RAM), e.g., a Dynamic RAM (DRAM) or static
RAM (SRAM), a mass storage, e.g., a hard disk or solid state disk, or the like. The memory
160 includes suitably configured program code to be executed by the processor 150 so as to
implement the above-described functionalities of the BS. More specifically, the memory 160
may include control module 170 for controlling communication with respect to one or more
UE, e.g., the UE 100 of Figs. 1 to 4. The control module 170 may further be configured to
control generating, sending and receiving of messages as described in connection with Figs.
2 and 4. Moreover, the control module 170 may also be configured to control channel quality
measurements performed by the BS, in particular channel quality measurements on UL
connections from UEs which are not served by the BS. Further, the memory 160 may include
a DL scheduling module 172 for scheduling DL transmissions of a UE and/or an UL
scheduling module 174 for scheduling UL transmissions of a UE as explained in connection
with Figs. 3 and 4. In particular, the UL scheduling module 174 may be configured to
accomplish UL scheduling not only for UEs served by the BS, but also for UEs served by
another BS, when handling UL transmissions from the UEs served by the other BS. Further,
the memory 160 may also include a selection module 176 for identifying or selecting
transition UEs and/or for selecting other BSs for handling UL transmissions of a UE served
by the BS, e.g., as explained in connection with Figs. 1 and 2.
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It is to be understood that the structure as illustrated in Fig. 5 is merely schematic and that
the BS may actually include further components which, for the sake of clarity, have not been
illustrated, e.g., further interfaces. Also, it is to be understood that the memory 160 may
include further types of program code modules, which have not been illustrated. For
example, the memory 160 may include program code modules for implementing typical
functionalities of a BS. According to some embodiments, also a computer program product
may be provided for implementing concepts according to embodiments of the invention, e.g.,
a computer-readable medium storing the program code and/or other data to be stored in the
memory 160.

Fig. 6 shows a flowchart for schematically illustrating a method according to an embodiment
of the invention. The method may be used in the first BS 110 of Fig. 1 to 4 for implementing
the above-described processes using independent DL and UL connections.

At step 610, a first BS sends a request to a second BS. By means of the request, the second
BS is requested to handle UL transmissions from a UE. The first BS may be the serving BS
of the UE, i.e., may control communications with respect to the UE. The first BS may be the
first BS 110 of Figs. 1 to 4, the second BS may be the second BS 120 of Figs. 1 to 4, and the
UE may be the UE 100 of Figs. 1, 3 and 4. The request to handle UL communications from
the UE may be sent via a backhaul link, e.g., the backhaul link 50 of Figs. 1 and 3. The
backhaul link may be established across respective backhaul interfaces of the first and
second BSs, such as the backhaul interface 140 of Fig. 5. The requested handling of UL
transmissions includes scheduling of the UL transmissions so as to obtain UL scheduling
information, such as a time/frequency resource allocation and/or Tx power adjustment used
for the UL transmissions. In addition, the requested handling of the UL transmissions
typically also includes reception and decoding of the UL transmissions. Before sending the
request, the first BS may select the second BS from a plurality of BSs, e.g., using selection
mechanisms as described in connection with Figs. 1 and 2.

Optionally, the first BS may receive a message indicating whether the request was accepted
by the second BS, e.g., the message 204 of Fig. 2. Further, the first BS may transmit
additional UE specific information to the second BS, which may be accomplished along with
the request to handle UL transmissions or in one or more separate messages, e.g., the
message 205 of Fig. 2. The additional UE specific information may be used by the second
BS in the requested handling of UL transmissions, and include parameters such as UE
specific reference signals.



10

15

20

25

30

35

WO 2012/113448 PCT/EP2011/052679
-15-

At step 620, the UL scheduling information is received from the second BS. This may again
be accomplished via the backhaul link. The UL scheduling information may be received in a
dedicated message, e.g., the message 409 of Fig. 4, or may be received along with other
information.

At step 630, control data may be received from the second BS, which may again be
accomplished via the backhaul link, such as in messages 405 and 407 of Fig. 4. The control
data may include measurement reports generated by the UE. Further, the control data may
include messages for acknowledging receipt of a DL transmission or for acknowledging
receipt of an UL transmission, e.g., HARQ protocol ACK messages or HARQ protocol NACK
messages. The measurement reports and/or messages for acknowledging receipt of a DL
transmission may be used by the first BS for performing scheduling of DL transmissions to
the UE.

At step 640, the received UL scheduling information is included into a DL transmission to the
UE, e.g., into a DL transmission of control data. This DL transmission may also include other
control data, e.g., the messages for acknowledging receipt of a UL transmission received at
step 630.

Fig. 7 shows a flowchart for schematically illustrating a method according to a further
embodiment of the invention. The method may be used in the second BS 120 of Fig. 1 to 4
for implementing the above-described processes using independent DL and UL connections.

At step 710, a request from a first BS is received by a second BS. By means of the request,
the second BS is requested to handle UL transmissions from a UE. The first BS may be the
serving BS of the UE, i.e., may control communications with respect to the UE. The first BS
may be the first BS 110 of Figs. 1 to 4, the second BS may be the second BS 120 of Figs. 1
to 4, and the UE may be the UE 100 of Figs. 1, 3 and 4. The request to handle UL
communications from the UE may be sent via a backhaul link, e.g., the backhaul link 50 of
Figs. 1 and 3. The backhaul link may be established across respective backhaul interfaces of
the first and second BSs, such as the backhaul interface 140 of Fig. 5. The requested
handling of UL transmissions includes scheduling of the UL transmissions so as to obtain UL
scheduling information, such as a time/frequency resource allocation and/or Tx power
adjustment used for the UL transmissions. In addition, the requested handling of the UL
transmissions includes reception and typically also decoding of the UL transmissions.
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Optionally, the second BS may send a message indicating whether the request was
accepted, e.g., the message 204 of Fig. 2. Further, the second BS may receive additional UE
specific information from the first BS, which may be accomplished along with the request to
handle UL transmissions or in one or more separate messages, e.g., the message 205 of
Fig. 2. The additional UE specific information may be used by the second BS in the
requested handling of UL transmissions, and include parameters such as UE specific
reference signals.

At step 720, the second BS accomplishes scheduling of the UL transmissions from the UE so
as to obtain the UL scheduling information. For this purpose, the second BS may also
perform channel quality measurements on the UL connection from the UE.

At step 730, the second BS sends the UL scheduling information to the first BS. This may
again be accomplished via the backhaul link. The UL scheduling information may be sent in
a dedicated message, e.g., the message 409 of Fig. 4, or may be sent along with other
information.

At step 740, the second BS receives the UL transmissions from the UE. Typically, this also
includes decoding and integrity verification of the received UL transmissions. On the basis of
the received UL transmissions, the second BS may generate control data to be sent to the
first BS, e.g., messages for acknowledging receipt of the UL transmissions. Further, the
second BS may also extract control data from the received UL transmissions, e.g.,
measurement reports from the UE.

At step 750, the second BS may transmit the generated or extracted control data to the first
BS, which may again be accomplished via the backhaul link, such as in messages 405 and
407 of Fig. 4.

The methods of Figs. 6 and 7 may be combined with each other in a communication system
including the first BS and the second BS.

As can be seen, by using the above described concepts the overall performance of DL and
UL connections in a heterogeneous network can be improved. Further, independent DL and
UL connections can be implemented in a manner which is transparent to the UE and without
excessive impact on existing technologies.
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It is to be understood that the examples and embodiments as explained above are merely
illustrative and susceptible to various modifications. For example, the concepts could be
used in other types of mobile communication network. For example, the concepts may not
only be used in heterogeneous network deployments using Macro and Pico BSs, but also in
other network deployments in which imbalances between DL and UL connections may occur.
Further, it is to be understood that the above concepts may be implemented by using
correspondingly designed software in existing BSs, or by using dedicated hardware in the
BSs.



10

15

20

25

30

35

WO 2012/113448 PCT/EP2011/052679
18

Claims

1. A method of communicating data between a first base station (110) and a mobile terminal
(100), the method comprising:

the first base station (110) sending, to a second base station (120), a request (203) to handle
uplink transmissions (20) from the mobile terminal (100), said handling of the uplink
transmissions (20) comprising scheduling of the uplink transmissions (20) so as to obtain
uplink scheduling information;

the first base station (110) receiving the uplink scheduling information from the second base
station (120); and

the first base station (110) sending downlink transmissions (10) to the mobile terminal (100),
said downlink transmissions (10) including the uplink scheduling information received from
the second base station (120).

2. The method according to claim 1, comprising:
the first base station (110) selecting the second base station (120) from a plurality of base
stations.

3. The method according to claim 2,

wherein the first base station (110) selects the second base station on the basis of a
parameter which is indicative of a path loss for the uplink transmissions (20) from the mobile
terminal to the second base station (120).

4. The method according to claim 2 or 3,

wherein the first base station (110) selects the second base station on the basis of a
parameter which is indicative of a difference between the path loss for the uplink
transmissions (20) from the mobile terminal to the second base station (120) and the path
loss for uplink transmissions from the mobile terminal to the first base station (120).

5. The method according to any one of claims 2 to 4,

wherein the first base station (110) selects the second base station (120) on the basis of a
parameter which is indicative of a difference between a transmit power of the first base
station (110) and a transmit power of the second base station (120).

6. The method according to any one of the preceding claims, comprising:
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the first base station (110) performing scheduling of the downlink transmissions (10) to the
mobile terminal (100).

7. The method according to claim 6, comprising:

the first base station (110) receiving control data from the second base station (120); and

the first base station (110) performing said scheduling of the downlink transmissions (10) on
the basis of the control data received from the second base station (120).

8. The method according to any one of the preceding claims, comprising:

the second base station (120) receiving, from the first base station (110), the request (203) to
handle uplink transmissions (20) from the mobile terminal (100);

the second base station (120) performing scheduling of the uplink transmissions (20) from
the mobile terminal (100) so as to obtain the uplink scheduling information; and

the second base station (120) sending the uplink scheduling information to the first base
station (110) so as to be included into the downlink transmissions from the first base station
(110) to the mobile terminal (100).

9. A method of assisting in communicating data between a first base station (110) and a
mobile terminal (100), the method comprising:

a second base station (120) receiving, from the first base station (110), a request to handle
uplink transmissions (20) from the mobile terminal (100);

the second base station (120) performing scheduling of the uplink transmissions (20) from
the mobile terminal (100) so as to obtain uplink scheduling information; and

the second base station (120) sending the uplink scheduling information to the first base
station (110) so as to be included into downlink transmissions (10) from the first base station
(110) to the mobile terminal (100).

10. The method according to claim 8 or 9, comprising:

the second base station (120) generating control data on the basis of the uplink
transmissions (20) received from the mobile terminal (100); and

the second base station (120) sending the control data to the first base station (110).

11. The method according to claim 10,
wherein the control data include measurement reports generated by the mobile terminal

(100).

12. The method according to claim 10 or 11,
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wherein the control data include one or more messages for acknowledging receipt of a
downlink transmission (10) or for acknowledging receipt of an uplink transmission (20).

13. A base station (110), comprising:

a radio interface (130) to send downlink transmissions to a mobile terminal (100) and to
receive uplink transmissions from the mobile terminal (100);

a backhaul interface (140) to communicate with a further base station; and

a processor (150) to control operations of the base station,

wherein said operations of the base station (110) comprise:

via the backhaul interface (140), the base station (110) sending to the further base station
(120) a request (203) to handle uplink transmissions (20) from the mobile terminal, said
handling of the uplink transmissions (20) comprising scheduling of the uplink transmissions
(20) so as to obtain uplink scheduling information;

via the backhaul interface (140), the base station (110) receiving the uplink scheduling
information from the second base station (120); and

via the radio interface (130), the base station (110) sending downlink transmissions (10) to
the mobile terminal (100), said downlink transmissions (10) comprising the uplink scheduling
information received from the further base station (120).

14. The base station (110) according to claim 13,
wherein the base station (110) is configured to operate as the first base station of the method
as defined in any one of claims 1 to 12.

15. A base station (120), comprising:

a radio interface (130) to send downlink transmissions to a mobile terminal (100) and to
receive uplink transmissions from the mobile terminal (100);

a backhaul interface (140) to communicate with a further base station (110); and

a processor (150) to control operations of the base station (120),

wherein said operations of the base station (120) comprise:

via the backhaul interface (140), the base station (120) receiving from the further base
station (110) a request (203) to handle uplink transmissions (20) from the mobile terminal
(100);

the base station (120) performing scheduling of the uplink transmissions (20) from the mobile
terminal (100) so as to obtain uplink scheduling information; and

via the backhaul interface (140), the base station (120) sending the uplink scheduling
information to the further base station (110) so as to be included into downlink transmissions
(10) from the further base station (110) to the mobile terminal (100).
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16. The base station (120) according to claim 15,
wherein the base station (120) is configured to operate as the second base station of the
method as defined in any one of claims 1 to 12.

17. A communication system comprising a first base station (110) and a second base station
(120);

wherein the communication system is configured to perform operations comprising:

the first base station (110) sending, to the second base station (120), a request (203) to
handle uplink transmissions from a mobile terminal (100);

the second base station (120) receiving the request (203) to handle uplink transmissions (20)
from the mobile terminal (100);

the second base station (120) performing scheduling of the uplink transmissions (20) from
the mobile terminal (100) so as to obtain uplink scheduling information;

the second base station (120) sending the uplink scheduling information to the first base
station (110);

the first base station (110) receiving the uplink scheduling information; and

the first base station (110) sending downlink transmissions (10) to the mobile terminal (100),
said downlink transmissions (10) including the uplink scheduling information received from
the second base station (120).

18. The communication system according to claim 17,
wherein the communication system is configured to operate in accordance with a method
according to any one of claims 1 to 12.
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