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DUAL CONNECTIVITY NETWORK

FIELD OF THE INVENTION

The present invention relates to a method of transmitting an indication of user
equipment uplink buffer status in a wireless communications network in which user
equipment is configured to communicate with one or more base stations using dual
connectivity techniques; a computer program product and user equipment operable to

perform that method.

BACKGROUND

Wireless telecommunication systems are known. In such systems, mobile

communication devices (for example, mobile telephones) are operable to communicate

with base stations provided by network providers.

In known wireless telecommunication systems, radio coverage is provided to network
connectable devices, such as mobile telephones, of wireless devices such as iPads or
other similar tablets, within areas known as cells. A base station is located in each cell
to provide radio coverage. Typically, network connectable devices in each cell are
operable to receive information and data from a base station and to transmit

information and data to a base station.

User equipment roam through a wireless communications system. Base stations are
typically provided which support areas of radio coverage. A number of such base
stations are provided and are distributed geographically in order to provide a wide area

of coverage to user equipment.

When user equipment is within an area served by a base station, communications may
be established between the user equipment and the base station over associated radio
links. Each base station typically supports a number of sectors within the geographical
area of service. Typically, a different antenna within a base station supports each

associated sector. Each base station has multiple antennas.

Traditional base stations provide coverage in relatively large geographical areas and
those cells are often referred to as macro cells. It is possible to provide a heterogeneous
network (hetnet) where smaller sized cells are provided within macro cells. Such
smaller sized cells are sometimes referred to as micro cells, pico cells or femto cells.

One way to establish a small cell is to provide a small cell base station that provides

1
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coverage having a relatively limited range within the coverage area of the macro cell.
The transmission power of a small cell base station is relatively low and, hence, each
small cell provides a small coverage area compared to that of a macro cell and covers,

for example, an office or a home.

Such small cells are typically provided where the communications coverage provided by
the macro cell is poor or where a user wishes to use an alternative communications link
provided locally, by the small cell base station, to communicate with the core network,

and/or to increase capacity within a network.

Deployment of small cells in a wireless communication network can assist a network in
relation to handling capacity in high traffic areas, for example, so-called hot spot areas.
An ability to offload traffic to a small cell or cells located in a high traffic area of a
network may be particularly useful to a network operator. In some cases, “dual
connectivity” may be offered such that a user and a network are configured to allow
communication with a macro cell base station and a small cell base station. A number
of dual connectivity implementations cén be configured, each may offer different

benefits.

Although dual connectivity HetNet deployments may offer advantages, unexpected
consequences of such deployments may occur. It is desired to address those

consequences.

SUMMARY

A first aspect provides a method of transmitting an indication of user equipment uplink
buffer status in a wireless communications network in which user equipment is
configured to communicate with one or more base stations using dual connectivity
techniques, the method comprising: receiving an indication of a dual connectivity
configuration to be used by the user equipment for uplink transmission; structuring an
uplink buffer status report to group uplink buffer status by one or more scheduler to be
used by the user equipment according to the received indication of a dual connectivity
configuration; and transmitting the structured uplink buffer status report to the one or

more base stations.

The first aspect recognizes that dual connectivity offers a way to offload data traffic in a
network to a small cell as required. In a dual connectivity scenario user equipment is
connected to more than one cell at a given time and the user equipment is served by

more than one cell.
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The first aspect recognizes that a scheduling request mechanism is likely to be required
to support all dual connectivity scenarios. Typical network configuration assumes that
user equipment is served by single scheduling base station or network control node and

therefore a single scheduling request mechanism is used.

In a typical network deployment, backhaul communication between small cell base
stations and between small cell base stations and macrocell base stations is non-ideal.
That is to say, rather than offering immediate communication, there may be one way
latency in the order of a few milliseconds to a few tens of milliseconds. In order for the
small cell and macro base station to operate in a network to provide dual connectivity
functionality with such backhaul latency, an independent scheduler is provided at each
serving node. The provision of multiple independent schedulers, results in a need for
an adapted scheduling request mechanism to allow efficient operation in a network in
which multiple independent schedulers are provided to support dual connectivity to

user equipment.

Traffic offloading may occur in relation to both downlink and uplink traffic in a
network. Uplink dual connectivity operation with independent schedulers, requires
that both independent schedulers are aware of a buffer status report of each user
equipment. In a case where dual connectivity is implemented in the uplink, some data
flows can be offloaded to the small cell base station. The offloaded traffic is scheduled
by the corresponding small cell scheduler. The scheduler located at the small cell needs
to be informed of the buffer status report corresponding to the offloaded traffic to be

routed to the small cell.

Aspects and embodiments relate to a method of providing a suitable buffer status
report to each serving schedulers supporting a dual connectivity configuration of a
network. Furthermore, aspects and embodiments described herein provide a method
to extract or construct a buffer status report to enable traffic offloading by a scheduler.
The method may also be such that a buffer status report provides a scheduler with

suitable data flow information directly from user equipment or from another cell.

Offloading uplink traffic in a dual connectivity capable network can be implemented,

for example, using one of the following configurations:
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In one configuration, user equipment may be operable to transmit all uplink traffic to
one cell, for example, the small cell. In a co-channel deployment with dual
connectivity, the user equipment may have strong downlink signal from a macro cell,
whilst having low path loss in relation to uplink transmissions directed towards the
small cell. In such a scenario, all uplink traffic can be transmitted from user equipment
to the small cell. As a result, an uplink scheduling grant will originate from the small
cell and the small cell requires a buffer status report relating to all the uplink traffic

bearers.

In another configuration in a co-channel deployment with dual connectivity, some
uplink data flows (radio bearers) can be offloaded to a small cell. According to such a
configuration, the small cell is in charge of scheduling the offloaded traffic bearers and
therefore the buffer status report relating to the offloaded traffic bearers needs to be

known by the small cell.

In another configuration in a co-channel deployment with dual connectivity, uplink
data can belong to a radio bearer which is scheduled and received by both macro and
small cell, for example, in a network capable to implement multi flow or multi
streaming techniques. In such a configuration, the buffer status report of the relevant

radio bearer needs to be known by both the macro and small cell.

~ Aspects and embodiments provide a buffer status reporting mechanism designed to

handle all the described configurations whilst maintaining a common buffer status

report reporting mechanism.

In one embodiment, structuring the uplink buffer status report comprises constructing
an independent uplink buffer status report for each scheduler to be used by the user
equipment. Accordingly, user equipment is operable to format a buffer status report
intended for schedulers at the macro and the small cell independently. According to
such an embodiment, the resulting transmission considers and creates a different
buffer status report MAC control element (buffer status report MAC CE) in relation to
each serving scheduler. An indication of the identity of the intended scheduler (cell) is
also included in the buffer status report MAC CE as a cell ID index. In an alternative
embodiment, an indication of a cell ID is implicitly indicated via the LCID included in
the MAC PDU sub-header. Such embodiments require transmission of a buffer status
report MAC CE per serving cell. In a further embodiment, user equipment may be
operable to map a buffer status report MAC PDU corresponding to granted uplink

resources on a cell by cell basis and the uplink resource(s) used to transmit the buffer

4



10

15

20

25

30

35

0 2014/161629 PCT/EP2014/000661

status report MAC is used as an implicit indication of which cell the buffer status report

is intended for.

In one embodiment, structuring the uplink buffer status report comprises constructing
a single uplink buffer status report including grouped buffer status information for
each scheduler to be used by the user equipment. Accordingly, a single buffer status
report MAC CE is designed to be used in relation to all serving cells. According to such
an embodiment, an indication of serving cell identity is explicitly or implicitly included
in a MAC CE. In case of an implicit indication, a buffer status report is formatted
according to a cell order. Upon reception of the buffer status report MAC CE, a
scheduler is operable to decode the buffer status report field corresponding to the cell it
supports. According to some embodiments, the buffer status report MAC CE may be
transmitted on any uplink resource granted by any cell. According to such an
embodiment, a user equipment specific scrambling code used as user equipment
“identification” is known by both macro and small cells participating in a dual

connectivity arrangement.

In a further embodiment, user equipment is operable to transmit buffer status report
information towards a macro cell. In such an embodiment, LC Groups are configured
in such a way to ensure that offloaded radio bearers belong to different LCGs to the
bearers served by the macro cell. Upon reception of a buffer status report MAC CE, the
macro cell is operable to extract the buffer status report corresponding to offloaded
traffic and forward that information to the relevant small cell using the X2 interface. In
such an embodiment, the buffer status report experiences backhaul latency. However, if
only delay tolerant traffic is offloaded to the small cell, such a backhaul delay on the
buffer status report may be tolerated by the small cell scheduler. In such an
embodiment, the buffer status report information can be transmitted only on resource

granted to a user by the macro cell.

In one embodiment, the grouped buffer status information includes an indication of a
scheduler to which the information contained therein is of relevance. the user
equipment may be configured to transmit buffer status report information to any cell
(using resources granted by any cell). Upon reception of the buffer status report
information, the cell extracts the buffer status report information corresponding to the
traffic (radio bearers) being served by the cell and remaining buffer status report

information is forwarded to the other cell over the X2 interface.
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In one embodiment, the grouped buffer status information is encoded such that it can
only be decoded by a scheduler to which the information is of relevance. In some
embodiments, radio bearers which are served by the macro cell may not be revealed to
the other cell, particularly in the case of inter vendor operation, and in such cases, the

buffer status report information for each cell can be protected with cell specific coding.

In one embodiment, transmitting the structured uplink buffer status report comprises

transmitting one of the independent uplink buffer status reports to each scheduler.

In one embodiment, transmitting the structured uplink buffer status report comprises
using resource granted by the one or more base stations. Accordingly, use of granted
resource may be utilised by user equipment to implicitly convey information to a
scheduler. For example, in one embodiment the method further comprises choosing
granted resource for transmission of the structured uplink buffer status report in

dependence upon a scheduler to which the information is of relevance.

A second aspect provides a computer program product operable, when executed on a

computer, to perform the method of the first aspect.

A third aspect provides user equipment operable to transmit an indication of user
equipment uplink buffer status in a wireless communications network in which the user
equipment is configured to communicate with one or more base stations using dual
connectivity techniques, the user equipment comprising: reception logic operable to
receive an indication of a dual connectivity configuration to be used by the user
equipment for uplink transmission; buffer status logic operable to structure an uplink
buffer status report to group uplink buffer status by one or more scheduler to be used
by the user equipment according to the received indication of a dual connectivity
configuration; and communication logic operable to transmit the structured uplink

buffer status report to the one or more base stations.

In one embodiment, the buffer status logic is operable to structure the uplink buffer
status report by constructing an independent uplink buffer status report for each

scheduler to be used by the user equipment.

In one embodiment, the buffer status logic is operable to structure the uplink buffer
status report by constructing a single uplink buffer status report including grouped

buffer status information for each scheduler to be used by the user equipment.

6
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In one embodiment, the grouped buffer status information includes an indication of a

scheduler to which the information contained therein is of relevance.

In one embodiment, the grouped buffer status information is encoded such that it can

only be decoded by a scheduler to which the information is of relevance.

In one embodiment, the transmission logic is operable to transmit one of the

independent uplink buffer status reports to each scheduler.

In one embodiment, the transmission logic is operable to transmit the structured

uplink buffer status report using resource granted by the one or more base stations.

In one embodiment, the transmission logic is operable to choose granted resource for
transmission of the structured uplink buffer status report in dependence upon a

scheduler to which the information is of relevance.

A fourth aspect provides a method of receiving an indication of user equipment uplink
buffer status at a base station in a wireless communications network in which user
equipment is configured to communicate with one or more base stations using dual
corinectivity techniques, the method comprising: determining a dual connectivity
configuration being used by user equipment for uplink transmission; receiving a
structured uplink buffer status report; and extracting information from the structured
uplink buffer status report relevant to a scheduler at the base station. Accordingly a
base station and/or associated scheduler in a network may be operable to receive and
understand a newly structured buffer status report. That buffer status report may have
a familiar format, or may require some adjustment to allow decoding of a new format of

message.

In one embodiment, the method further comprises: determining that the structured
uplink buffer status report includes information relevant to a scheduler at another of
the one or more base stations; and forwarding the information relevant to a scheduler
at another of the one or more base stations to said another of the one or more base
stations. Accordingly, in some implementations, use of X2 signalling may replace
increased direct network signalling from a user ro each scheduler of interest in a dual

signalling scenario.
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In one embodiment, the structured uplink buffer status report comprises an
independent uplink buffer status report for each scheduler to be used by the user

equipment.

In one embodiment, the structured uplink buffer status report includes grouped buffer

status information for each scheduler to be used by the user equipment.

In one embodiment, the grouped buffer status information includes an indication of a

scheduler to which the information contained therein is of relevance.

In one embodiment, the grouped buffer status information is encoded such that it can

only be decoded by a scheduler to which the information is of relevance.

A fifth aspect provides a computer program product operable, when executed on a

computer, to perform the method of the fourth aspect.

A sixth aspect provides a base station operable to receive an indication of user
equipment uplink buffer status in a wireless communications network in which user
equipment is configured to communicate with one or more base stations using dual
connectivity techniques, the base station comprising: configuration logic operable to
determine a dual connectivity configuration being used by user equipment for uplink
transmission; reception logic operable to receive a structured uplink buffer status
report from user equipment; and extraction logic operable to extract information from

the structured uplink buffer status report relevant to a scheduler at the base station.

In one embodiment, the base station further comprises: determination logic operable
to determine that the structured uplink buffer status report includes information
relevant to a scheduler at another of the one or more base stations; and forward the
information relevant to a scheduler at another of the one or more base stations to the

another of the one or more base stations.

In one embodiment, the structured uplink buffer status report comprises an
independent uplink buffer status report for each scheduler to be used by the user

equipment.

In one embodiment, the structured uplink buffer status report includes grouped buffer

status information for each scheduler to be used by the user equipment.

8
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In one embodiment, the grouped buffer status information includes an indication of a

scheduler to which the information contained therein is of relevance.

In one embodiment, the grouped buffer status information is encoded such that it can

only be decoded by a scheduler to which the information is of relevance.

Further particular and preferred aspects are set out in the accompanying independent
and dependent claims. Features of the dependent claims may be combined with
features of the independent claims as appropriate, and in combinations other than

those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function, it will
be appreciated that this includes an apparatus feature which provides that function or

which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with reference to

the accompanying drawings, in which:

Figure 1 illustrates the main components of a telecommunications network;

Figure 2 and Figure 3 illustrate schematically a known buffer status report format; and
Figures 4 and 5 illustrate schematically a scheduling request trigger and transmission

according to one embodiment.

DESCRIPTION OF THE EMBODIMENTS

Figure 1 illustrates schematically the main components of a wireless

telecommunications network 10. In the UMTS network architecture illustrated user
equipment 50 roam throﬁgh the wireless telecommunications system. Base stations 20
are provided which support areas of radio coverage 30. A number of such base stations
20 are provided and are distributed geographically in order to provide a wide area of

coverage to user equipment 50.

When user equipment is within an area served by a base station 30, communications

may be established between the user equipment and the base station over associated



10

15

20

25

30

35

0 2014/161629 PCT/EP2014/000661

radio links. Each base station typically supports a number of sectors within the

geographical area of service 30.

Typically, a different antenna within a base station supports each associated sector.
Each base station 20 has multiple antennas. It will be appreciated that Figure 1
illustrates a small subset of a total number of user equipment and base stations that
may be present in a typical communication network. It will also be appreciated that
different network archtectures may be implemented, including, for example a Long
Term Evolution (LTE) network in which the functionality provided by network nodes
described above is provided by network nodes which are named differently but have

analogous functionality.

In a typical network a centralized scheduler is used to schedule single uplink and
downlink traffic flows for each user equipment. As a result, there is no need to
distribute any buffer status reports to different schedulers. A typical buffer status
report simply indicates the buffer status of established radio bearers. Dual connectivity
data flow offloading techniques within a HetNet requires a change to typical operation,
since separate schedulers are provided in relation to each cell serving a user and a
typical buffer status report includes no information in relation to how to differentiate
information in a buffer status report corresponding to traffic offloaded to a small cell

scheduler.

Overview
Before discussing the embodiments in any more detail, first an overview will be

provided.

Aspects and embodiments described herein provide a method to extract or construct a
buffer status report to enable traffic offloading by a scheduler. The method may also be
such that a buffer status report provides a scheduler with suitable data flow

information directly from user equipment or from another cell.

Offloading uplink traffic in a dual connectivity capable network can be implemented,

for example, using one of the following configurations:

In one configuration, user equipment may be operable to transmit all uplink traffic to
one cell, for example, the small cell. In a co-channel deployment with dual

connectivity, the user equipment may have strong downlink signal from a macro cell,

10
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whilst having low path loss in relation to uplink transmissions directed towards the
small cell. In such a scenario, all uplink traffic can be transmitted from user equipment
to the small cell. As a result, an uplink scheduling grant will originate from the small
cell and the small cell requires a buffer status report relating to all the uplink traffic

bearers.

In another configuration in a co-channel deployment with dual connectivity, some

~uplink data flows (radio bearers) can be offloaded to a small cell. According to such a

configuration, the small cell is in charge of scheduling the offloaded traffic bearers and
therefore the buffer status report relating to the offloaded traffic bearers needs to be
known by the small cell.

In another configuration in a co-channel deployment with dual connectivity, uplink
data can belong to a radio bearer which is scheduled and received by both macro and
small cell, for example, in a network capable to implement multi flow or multi
streaming techniques. In such a configuration, the buffer status report of the relevant

radio bearer needs to be known by both the macro and small cell.

Aspects and embodiments provide a buffer status reporting mechanism designed to
handle all the described configurations whilst maintaining a common buffer status

report reporting mechanism.

Figure 2 and Figure 3 illustrate schematically a known buffer status report format. The
current LTE standard defines two buffer status report formats named: short buffer
status report (or truncated buffer status report) and long buffer status report. In order
to reduce signaling in a network, logical channels are grouped into 4 groups and buffer
statuses are transmitted per logical channel group (LCG). According to the short buffer
status report format, a buffer status can be signaled for one LCG. According to the long
buffer status report format, buffer status is reported for all four LCGs. The report
format is shown schematically in Figures 2 and 3. The transmission of buffer status
report in a Medium Access Control Control Element MAC CE is identified by the
associated logical channel ID for a truncated, short or long buffer status report included
in a MAC PDU (Protocol Data Unit) sub-header.

Aspects and embodiments described herein follow similar principles, and recognize
that it is possible to place information relating to a logical channel such that it is
grouped into a number of groups in order to reduce signaling overhead and to report a

buffer status per LCG.
11



10

15

20

25

30

35

WO 2014/161629 PCT/EP2014/000661

In one embodiment, user equipment is operable to format a buffer status report
intended for schedulers at the macro and the small cell independently. According to
such an embodiment, the resulting transmission considers and creates a different
buffer status report MAC control element (buffer status report MAC CE) in relation to
each serving scheduler. An indication of the identity of the intended scheduler (cell) is
also included in the buffer status report MAC CE as a cell ID index. In an alternative
embodiment, an indication of a cell ID is implicitly indicated via the LCID included in
the MAC PDU sub-header. Such embodiments require transmission of a buffer status

report MAC CE per serving cell.

In a further embodiment, user equipment may be operable to map a buffer status
report MAC PDU corresponding to granted uplink resources on a cell by cell basis and
the uplink resource(s) used to transmit the buffer status report MAC is used as an

implicit indication of which cell the buffer status report is intended for.

In one embodiment, a single buffer status report MAC CE is designed to be used in
relation to all serving cells. According to such an embodiment, an indication of serving
cell identity is explicitly or implicitly included in a MAC CE. In case of an implicit
indication, a buffer status report is formatted according to a cell order. Upon reception
of the buffer status report MAC CE, a scheduler is operable to decode the buffer status
report field corresponding to the cell it supports. According to some embodiments, the
buffer status report MAC CE may be transmitted on any uplink resource granted by any
cell. According to such an embodiment, a user equipment specific scrambling code
used as user equipment “identification” is known by both macro and small cells

participating in a dual connectivity arrangement.

In a further embodiment, user equipment is operable to transmit buffer status report
information towards a macro cell. In such an embodiment, LC Groups are configured
in such a way to ensure that offloaded radio bearers belong to different LCGs to the
bearers served by the macro cell. Upon reception of a buffer status report MAC CE, the
macro cell is operable to extract the buffer status report corresponding to offloaded
traffic and forward that information to the relevant small cell using the X2 interface. In
such an embodiment, the buffer status report experiences backhaul latency. However, if
only delay tolerant traffic is offloaded to the small cell, such a backhaul delay on the
buffer status report may be tolerated by the small cell scheduler. In such an
embodiment, the buffer status report information can be transmitted only on resource

granted to a user by the macro cell.
12
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In a further embodiment, the user equipment may be configured to transmit buffer
status report information to any cell (using resources granted by any cell). Upon
reception of the buffer status report information, the cell extracts the buffer status
report information corresponding to the traffic (radio bearers) being served by the cell
and remaining buffer status report information is forwarded to the other cell over the

X2 interface.

In some embodiments, radio bearers which are served by the macro cell may not be
revealed to the other cell, particularly in the case of inter vendor operation, and in such
cases, the buffer status report information for each cell can be protected with cell

specific coding.

Aspects and embodiments provide a method for providing buffer status reports in a
network offering dual connectivity functionality according to which user equipment is
served by multiple independent schedulers which may be connected via a non-ideal
backhaul link.

Further considerations relate to a method relating to scheduling request triggers and
transmission of scheduling requests to corresponding serving schedulers in a dual

connectivity deployment scenario.

Existing scheduling request mechanisms typically only work for single or multiple
schedulers connected via an ideal backhaul. There is no mechanism which is operable
to support multiple schedulers connected via a non-ideal backhaul, which could have

up to 60ms one way latency.

Further aspects and embodiments allow conveyance of scheduling request information
intended for different schedulers by means of a single scheduling request message or
multiple scheduling requests messages, depending on a scheduling request trigger
event, D-SR configuration. A pending scheduling request cancellation may also be

configured such that depends on the nature of the transmission.

Scheduling Request Procedure:
Scheduling request (SR) transmission is typically triggered when data arrives at an

uplink transmission buffer belonging to a radio bearer on which scheduling request
masking is not enabled and there is no uplink grant available for a transmission. Data

“arrival” at an uplink transmission buffer is defined either as: arrival of data at an

13
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PDCP buffer or at an RLC buffer. In each case a radio bearer is mapped to a logical
channel (one to one mapping), therefore data arrival at PDCP and RLC buffer can be

considered equivalent with regards to a scheduling request trigger.

For the transmission of a scheduling request, dedicated scheduling request (D-SR)
resources are configured by the network on a per user equipment basis. However, if no
D-SR are configured, user equipment are allowed to request an uplink grant using

RACH. Typically only one D-SR configuration per user equipment is performed.

Dual Connectivity Support

In a network operable to offload uplink traffic according to dual connectivity methods,

it will be appreciated that various scenarios are possible. For example:

Scenario 1
Dual connectivity may be implemented such that there is an uplink/downlink split
where uplink traffic is served by a small cell whilst downlink traffic is served by a macro

cell. Such an implementation can be particularly useful in co-channel deployments.

Scenario 2
Similarly, dual connectivity may be used to offer multi-streaming support, according to
which a radio bearer is served by more than one cell in order to achieve transmission

diversity and load balancing gain.

Scenario 3
Furthermore, dual connectivity can be used to implement a radio bearer level traffic

split according to which some bearers are served by a macro whilst other bearers are

offloaded to a small cell.

Scheduling Request Procedure:

Trigger, transmission and cancellation of pending scheduling requests
In Scenario 1, the scheduling request is required by the small cell, since the small cell is

in charge of the scheduling of uplink traffic. In scenario 2, the scheduling request is
required by schedulers located at both the macro and small cell, assuming both
schedulers are involved in uplink traffic scheduling. However, at the user equipment
typically one scheduling request is triggered due to the uplink data arrival on a
corresponding uplink buffer. Scenario 3 requires a scheduling request at the macro

and the small cell depending on which radio bearer triggers the scheduling request.
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Transmission of a scheduling request intended for different schedulers can be handled
by configuring multiple D-SR resources to the user equipment. The user equipment is
then required to map the scheduling request trigger to the corresponding D-SR
resources. The multiple D-SR is configured independently with varying periodicity to
match a required QoS in relation to each of the bearers. Unnecessary allocation of
multiple D-SR resource per user equipment is costly to the network, given that
dedicated resources are simply to be used for scheduling request transmissions.

Therefore allocation of D-SR on a per cell or per scheduler basis should be avoided.

~ In relation to the dual connectivity deployment scenarios set out above, scenario 1 and

2 require the transmission of single scheduling request by the user equipment.

In scenario 3, in a typical deployment, only non-delay critical traffic is offloaded to the
small cell, as a result of backhaul latency. Thus the backhaul latency is likely to also be
tolerated if a scheduling request is forwarded over a backhaul link. Therefore, a single
D-SR configuration can be used even in relation to scenario 3. The scheduling request
should indicate an intended scheduler. Thus, according to some embodiments, upon
reception of a scheduling request, a receiving base station, for example, a macro base
station, is operable to identify that the scheduling request is intended for a different
base station, for example, the small cell and forward the corresponding request to the

small cell using the X2 interface.

- If a macro eNB is unaware that the scheduling request is intended for the small cell, the

macro may be operable to allocate radio resources for buffer status report transmission
to the macro cell. However, if the macro cell is aware the scheduling request is
intended for the small cell, the macro cell does not grant uplink resources for the user

equipment in macro cell.

In some embodiments, if a scheduling request transmission is intended for both
schedulers at the same time, user equipment may be operable to transmit the
scheduling request only to, for example, a macro cell. From a buffer status report
transmitted over granted uplink resources in the macro cell, a macro base station may
be operable to identify the need to forward the buffer status report to, for example, the

small cell.

In some embodiments, an identification of an intended scheduling cell in relation to a

transmitted scheduling request can be performed by means of either an implicit or
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explicit indication. Indication of an intended scheduling cell may be performed by user

equipment based on timings or based on decisions made in the frequency domain.

Figure 4 and 5 illustraté schematically a scheduling request trigger and transmission
according to one embodiment. As shown in Figures 4 and 5, if both scheduling
request1 and scheduling request2 are triggered, only scheduling requesti is
transmitted. The transmission of scheduling request1 “cancels” both pending

scheduling request1 and scheduling request2.

Figure 4 illustrates schematically a scheduling request trigger and transmission
according to one embodiment. In the embodiment of Figure 4, a scheduling request is
transmitted on D-SR when multiple D-SR are configured for a given user. According to
Figure 4(a) both scheduling request1 and scheduling request2 are triggered at the same
time. Scheduling request1 is transmitted on D-SR1 and scheduling request2 is
transmitted on D-SR2. According to Figure 4(b) both scheduling request1 and
scheduling request2 are triggered, but only scheduling requesti is transmitted on D-
SR1. According to Figure 4(c) only scheduling request2 is triggered, and scheduling

request2 is transmitted on D-SR2.

Figure 5 illustrates schematically a scheduling request trigger and transmission
according to one embodiment. According to the arrangement of Figure 5, the
scheduling request trigger and transmission is implemented using D-SR in a scenario
where a single D-SR is configured for a user. Figure 5(a) shows a case where both
scheduling request1 and scheduling request2 are triggered at the same time and
scheduling requesti is transmitted on D-SR. Figure 5(b) shows a case where scheduling

request?2 is triggered, and scheduling request2 is transmitted on D-SR.

In some embodiments, the scheduling request can be performed via RACH access.
According to those embodiments, a user may not be configured to have D-SR resource.
If no D-SR is configured in relation to a user for either cell participating in dual
connectivity methods, user equipment may use RACH access for transmission of a

scheduling request.

In one embodiment, if scheduling requesti(for macro) and scheduling request2 (for
small cell) are triggered, RACH is performed for scheduling request only on the macro.
The network is able to identify scheduling request1 and scheduling request2 from a

later buffer status report. The user equipment is operable to cancel both pending
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scheduling requests on transmission of the request to the macro. If only scheduling
request2 (small cell) is triggered, immediate RACH access is not necessary and RACH

for scheduling request on small cell can be performed with low urgency.

If D-SR is only configured for one cell, both scheduling request triggers can be
communicated to the network over the allocated D-SR. If D-SR with long periodicity is
configured for small cell and no D-SR is configured for macro and there is no D-SR
opportunity within a configured time window, a scheduling request1 (macro) trigger

may initiate a RACH access for scheduling request on the macro.

In some embodiments, a similar scheduling request procedure modification can be
implemented if resources become available for a new transmission whilst a scheduling
request is triggered. For example, if uplink resources become available on the small
cell and scheduling request1 (macro) is triggered, scheduling request1 can be
transmitted on configured D-SR on the macro. In such a case, latency over the
backhaul link is not tolerable by the scheduling request triggered, due to high priority

traffic on macro, for example, measurement reports.

The invention provides a method for providing scheduling request to the network in a
scenario that the user equipment is served by multiple independent schedulers which

are connected via non-ideal backhaul link.

A person of skill in the art would readily recognize that steps of various above-
described methods can be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage devices, e.g., digital data
storage media, which are machine or computer readable and encode machine-
executable or computer-executable programs of instructions, wherein said instructions
perform some or all of the steps of said above-described methods. The program storage
devices may be, e.g., digital memories, magnetic storage media such as a magnetic disks
and magnetic tapes, hard drives, or optically readable digital data storage media. The
embodiments are also intended to cover computers programmed to perform said steps
of the above-described methods.

The functions of the various elements shown in the Figures, including any functional
blocks labelled as “processors” or “logic”, may be provided through the use of dedicated
hardware as well as hardware capable of executing software in association with

appropriate software. When provided by a processor, the functions may be provided by
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a single dedicated processoi', by a single shared processor, or by a plurality of individual
processors, some of which may be shared. Moreover, explicit use of the term
“processor” or “controller” or “logic” should not be construed to refer exclusively to
hardware capable of executing software, and may implicitly include, without limitation,
digital signal processor (DSP) hardware, network processor, application specific
integrated circuit (ASIC), field programmable gate array (FPGA), read only memory
(ROM) for storing software, random access memory (RAM), and non volatile storage.
Other hardware, conventional and/or custom, may also be included. Similarly, any
switches shown in the Figures are conceptual only. Their function may be carried out
through the operation of program logic, through dedicated logic, through the
interaction of program control and dedicated logic, or even manually, the particular
technique being selectable by the implementer as more specifically understood from

the context.

It should be appreciated by those skilled in the art that any block diagrams herein
represent conceptual views of illustrative circuitry embodying the principles of the
invention. Similarly, it will be appreciated that any flow charts, flow diagrams, state
transition diagrams, pseudo code, and the like represent various processes which may
be substantially represented in computer readable medium and so executed by a

computer or processor, whether or not such computer or processor is explicitly shown.

The description and drawings merely illustrate the principles of the invention. It will
thus be appreciated that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope. Furthermore,
all examples recited herein are principally intended expressly to be only for pedagogical
purposes to aid the reader in understanding the principles of the invention and the
concepts contributed by the inventor(s) to furthering the art, and are to be construed as
being without limitation to such specifically recited examples and conditions.
Moreover, all statements herein reciting principles, aspects, and embodiments of the
invention, as well as specific examples thereof, are intended to encompass equivalents

thereof.
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CLAIMS

1. A method of transmitting an indication of user equipment uplink buffer status
in a wireless communications network in which said user equipment is configured to
communicate with one or more base stations using dual connectivity techniques, said
method comprising: '

receiving an indication of a dual connectivity configuration to be used by said user
equipment for uplink transmission;

structuring an uplink buffer status report to group uplink buffer status by one or more
scheduler to be used by said user equipment according to said received indication of a
dual connectivity configuration; and

transmitting said structured uplink buffer status report to said one or more base

stations.

2. A method according to claim 1, wherein structuring said uplink buffer status
report comprises constructing an independent uplink buffer status report for each

scheduler to be used by said user equipment.

3. A method according to claim 1, wherein structuring said uplink buffer status

report comprises constructing a single uplink buffer status report including grouped

buffer status information for each scheduler to be used by said user equipment.

4. A method according to claim 3, wherein said grouped buffer status information

includes an indication of a scheduler to which the information is of relevance.

5. A method according to claim 3 or claim 4, wherein said grouped buffer status
information s encoded such that it can only be decoded by a scheduler to which the

information is of relevance.

6. A method according to any preceding claim, wherein transmitting said
structured uplink buffer status report comprises transmitting one of said independent

uplink buffer status reports to each scheduler.
7. A method according to any preceding claim, wherein transmitting said

structured uplink buffer status report comprises using resource granted by said one or

more base stations.
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8. A method according to claim 7, comprising choosing granted resource for
transmission of said structured uplink buffer status report in dependence upon a

scheduler to which the information is of relevance.

9. A computer program product operable, when executed on a computer, to

perform the method of any one of claims 1 to 8.

10. User equipment operable to transmit an indication of user equipment uplink
buffer status in a wireless communications network in which said user equipment is
configured to communicate with one or more base stations using dual connectivity
techniques, said user equipment comprising:

reception logic operable to receive an indication of a dual connectivity configuration to
be used by said user equipment for uplink transmission;

buffer status logic operable to structure an uplink buffer status report to group uplink
buffer status by one or more scheduler to be used by said user equipment according to
said received indication of a dual connectivity configuration; and

communication logic operable to transmit said structured uplink buffer status report to

said one or more base stations.

11. A method of receiving an indication of user equipment uplink buffer status at a
base station in a wireless communications network in which said user equipment is
configured to communicate with one or more base stations using dual connectivity
techniques, said method comprising:

determining a dual connectivity configuration being used by said user equipment for
uplink transmission;

receiving a structured uplink buffer status report; and

extracting information from said structured uplink buffer status report relevant to a

~ scheduler at said base station.

12. A method according to claim 11, comprising: determining that said structured
uplink buffer status report includes information relevant to a scheduler at another of
said one or more base stations; and

forwarding said information relevant to a scheduler at another of said one or more base

stations to said another of said one or more base stations.

13. A computer program product operable, when executed on a computer, to

perfrom the method of any one of claim 11 or claim 12.
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14. A base station operable to receive an indication of user equipment uplink buffer
status in a wireless communications network in which said user equipment is
configured to communicate with one or more base stations using dual connectivity
techniques, said base station comprising:

configuration logic operable to determine a dual connectivity configuration being used
by said user equipment for uplink transmission;

reception logic operable to receive a structured uplink buffer status report; and
extraction logic operable to extract information from said structured uplink buffer

status report relevant to a scheduler at said base station.
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