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WIRELESS MULTI-FLOW COMMUNICATIONS IN THE UPLINK

The application relates to communications over multiple
data flows in a communication system and more particularly to

multiple data flows in wireless uplink.

A communication system can be seen as a facility that
enables communication sessions between two or more nodes such
as fixed or mobile communication devices, access points such
as base stations, servers and so on. A communication system
and compatible communicating entities typically operate in
accordance with a given standard or specification which sets
out what the wvarious entities associated with the system are
permitted to do and how that should be achieved. For example,
the standards, specifications and related protocols can de-
fine the manner how communication devices shall communicate
with the access points, how various aspects of the communica-
tions shall be implemented and how the devices shall be con-

figured.

Signals can be carried on wired or wireless carriers.
Examples of wireless systems include public land mobile net-
works (PLMN) such as cellular networks, satellite based com-
munication systems and different wireless local networks, for
example wireless local area networks (WLAN). Wireless systems
can be divided into coverage areas referred to as cells, such
systems being often referred to as cellular systems. A cell
can be provided by a base station, there being wvarious dif-
ferent types of base stations. Different types of cells can
provide different features. For example, cells can have dif-
ferent shapes, sizes and other characteristics. A cell 1is
typically controlled by a control node. One control node may

control one or more stations providing cells.
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A user can access the communication system by means of
an appropriate communication device. A communication device
of a user is often referred to as user equipment (UE) or ter-
minal. A communication device is provided with an appropriate
signal receiving and transmitting arrangement for enabling
communications with other parties. Typically a communication
device 1s used for enabling receiving and transmission of
communications such as speech and data. In wireless systems
a communication device provides a transceiver station that
can communicate with another communication device such as
e.g. a base station and/or another user equipment. The commu-
nication device may access a carrier provided by a base sta-
tion, and transmit and/or receive communications on the car-

rier.

An example of cellular communication systems is an ar-
chitecture that 1s being standardized by the 3rd Generation
Partnership Project (3GPP). A recent development in this
field is often referred to as the long-term evolution (LTE)
of the Universal Mobile Telecommunications System (UMTS) ra-
dio-access technology. In LTE base stations are commonly re-
ferred to as enhanced NodeBs (eNB). An eNB can provide cover-
age for an entire cell or similar radio service area. In LTE
a node providing a relatively wide coverage area can be re-
ferred to as a macro eNode B. Network nodes can also provide
smaller service areas. Examples of such local radio service
area network nodes 1include femto nodes such as Home eNBs
(HeNB), pico nodes such as pico eNodeBs (pico-eNB) and remote
radio heads. The smaller radio service areas can be located

wholly or partially within a larger radio service area.

A device within an area may communicate with more than
one cell. Communication with more than one cell can be re-

ferred to as multi-flow communications. The scheduling of
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communications by a device with more than one cell can be
challenging in certain scenarios. For example, in accordance
with the current proposals multi-flow transmission uplink
scheduling actions are delayed in the eNB controlling the
primary cell (PCell; master node) while monitoring the uplink
traffic scheduled on a secondary cell (SCell; slave node).
The uplink packet scheduler associated with the PCell can
then determine based on this monitoring whether or not addi-
tional resources need to be allocated for the uplink provided
by the PCell. In case of multi-flows in the uplink, each eNB
can operate independently based on a buffer status report
(BSR) received from the relevant communication device. Ac-
cording to another possibility some buffer state information
is reported to the other eNB, typically over an X2 interface.
The additional uplink capacity that the PCell / master node
may need to schedule is determined by comparing the uplink
data rate scheduled by the slave node with the uplink buffer

state information available at the master node.

These proposals may not always be optimal and/or may
have some limitations in view of flexibility and/or efficien-
cy. For example, the slave node may not be aware whether or
not the master node is scheduling uplink capacity. The slave
node may also not be aware of the uplink resources that are
availlable at the master node. For example, the slave node may
not know the average capacity of a PCell. Also, even 1if some
information 1s exchanged, the mechanism may be relatively
slow since 1f 1t requires an uplink scheduler of the master
node to make measurements of the data throughput scheduled by
the slave node. Overall, a solution to control scheduling by

the at least two nodes involved may be desired.

It is noted that the above discussed issues are not lim-

ited to any particular communication environment and station
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apparatus but may occur in any appropriate system enabling

multiple uplink connections.

Embodiments of the invention aim to address one or sever-—

al of the above issues.

In accordance with an embodiment there is provided a
method for scheduling uplink resources in a node for a system
where communication devices can communicate via a multiple of
cells, comprising determining scheduling weight information
regarding a primary node and at least one secondary node, and
signalling the scheduling weight information to at least one

other node.

In accordance with an embodiment there is provided a
method for communicating buffer status information by a de-
vice, comprising receiving scheduling weight information re-
garding a primary node and at least one secondary node,
welghting at least one buffer status report based on the
scheduling weight information, and sending the at least one

welghted buffer status report.

In accordance with an embodiment there is provided a
method for controlling scheduling of uplink resources by a
node for a system where communication devices can communicate
via a multiple of <cells, comprising obtaining scheduling
welght information regarding a primary node and at least one
secondary node, receiving buffer status information from at
least one communication device, and scheduling uplink trans-
mission based on the scheduling weight information and the

buffer status information.

In accordance with an embodiment there is provided an ap-
paratus for controlling scheduling of uplink transmissions in
a node for a system where communication devices can communi-

cate via a multiple of cells, the apparatus comprising at
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least one processor, and at least one memory including com-
puter program code, wherein the at least one memory and the
computer program code are configured, with the at least one
processor, to determine scheduling weight information regard-
ing a primary node and at least one secondary node, and cause
signalling of the scheduling weight information to at least

one other node.

In accordance with an embodiment there is provided an ap-
paratus for controlling reporting of buffer status infor-
mation by a device, the apparatus comprising at least one
processor, and at least one memory including computer program
code, wherein the at least one memory and the computer pro-
gram code are configured, with the at least one processor, to
receive scheduling weight information regarding a primary
node and at least one secondary node, weight at least one
buffer status report based on the scheduling weight infor-
mation, and cause sending of the at least one weighted buffer

status report.

In accordance with a yet further embodiment there is pro-
vided an apparatus for controlling scheduling of uplink re-
sources by a node for a system where communication devices
can communicate via a multiple of cells, the apparatus com-
prising at least one processor, and at least one memory in-
cluding computer program code, wherein the at least one
memory and the computer program code are configured, with the
at least one processor, to obtain scheduling weight infor-
mation regarding a primary node and at least one secondary
node, receive buffer status information from at least one
communication device, and schedule uplink transmission based
on the scheduling weight information and the buffer status

information.
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In accordance with a more specific embodiment the sched-
uling weight information is communicated from the primary
node to the at least one secondary node and/or at least one

communication device.

The scheduling weight information can be provided for
welghting buffer status information. The scheduling weight

information can be applied to buffer status reports.

Scheduling weight information may be determined on infor-

mation about the uplink throughput of a cell.

An estimate of an uplink data throughput that is availa-
ble for scheduling by a node may be provided and used in de-
termining the weight information. Information about estimated
uplink data throughput may be exchanged between the primary

node and the secondary node.

Buffering status reports may be weighted on a per cell

basis and/or on a per communication device basis.

A computer program comprising program code means adapted
to perform the herein described methods may also be provided.
In accordance with further embodiments apparatus and/or com-
puter program product that can be embodied on a computer
readable medium for providing at least one of the above meth-

ods 1is provided.

A node such as a base station or a user equipment, for
example a mobile station can be configured to operate in ac-

cordance with the various embodiments.

It should be appreciated that any feature of any aspect

may be combined with any other feature of any other aspect.
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Embodiments will now be described in further detail, by
way of example only, with reference to the following examples
and accompanying drawings, in which:

Figure 1 shows a schematic diagram of a network accord-
ing to some embodiments;

Figure 2 shows a schematic diagram of a mobile communi-
cation device according to some embodiments;

Figure 3 shows a schematic diagram of a control appara-
tus according to some embodiments; and

Figures 4 to 6 show schematic flowcharts according to
certain embodiments.

In the following certain exemplifying embodiments are ex-
plained with reference to a wireless or mobile communication
system serving mobile communication devices. Before explain-
ing in detail the exemplifying embodiments, certain general
principles of a wireless communication system, access systems
thereof, and mobile communication devices are briefly ex-
plained with reference to Figures 1 to 3 to assist in under-

standing the technology underlying the described examples.

A non-limiting example of the recent developments in
communication system architectures is the long-term evolution
(LTE) of the Universal Mobile Telecommunications System
(UMTS) that is being standardized by the 3rd Generation Part-
nership Project (3GPP). The LTE employs a mobile architecture
known as the Evolved Universal Terrestrial Radio Access Net-
work (E-UTRAN) . Base stations of such systems are known as
evolved or enhanced Node Bs (eNBs) and may provide E-UTRAN
features such as user plane Radio Link Control/Medium Access
Control/Physical layer protocol (RLC/MAC/PHY) and control
plane Radio Resource Control (RRC) protocol terminations to-
wards the communication devices. Other examples of radio ac-
cess system include those provided by base stations of sys-

tems that are based on technologies such as wireless local
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area network (WLAN) and/or WiMax (Worldwide Interoperability

for Microwave Access).

A communication device 101, 102, 103 can be provided
wireless access via base stations or similar wireless trans-
mitter and/or receiver nodes providing radio service areas or
cells. In figure 1 different neighbouring and/or overlapping
systems or radio service areas 100, 110, 117 and 119 are
shown being provided by base stations 105, 106, 118 and 119.
It is noted that the cell borders are schematically shown for
illustration purposes only in Figure 1. It shall be under-
stood that the sizes and shapes of the cells or other radio
service areas may vary considerably from the similarly sized
omni-directional shapes of Figure 1. A base station site can
provide one or more cells or sectors, each sector providing a
cell or a subarea of a cell. Each communication device and
base station may have one or more radio channels open at the
same time and may send signals to and/or receive signals from

more than one source

Base stations are typically controlled by at least one
appropriate controller apparatus so as to enable operation
thereof and management of mobile communication devices 1in
communication with the base stations. The control apparatus
can be interconnected with other control entities. The con-
trol apparatus can typically be provided with memory capacity
and at least one data processor. The control apparatus and
functions may be distributed between a plurality of control
units. In some embodiments, each base station can comprise a
control apparatus. In alternative embodiments, two or more
base stations may share a control apparatus. In some embodi-
ments the control apparatus may be respectively provided in

each base station.
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Different types of possible cells include those known as
macro cells, pico cells and femto cells. For example, trans-
mission/reception points or base stations can comprise wide
area network nodes such as a macro eNode B (eNB) which may,
for example, provide coverage for an entire cell or similar
radio service area. Base station can also be provided by
small or local radio service area network nodes, for example
Home eNBs (HeNB), pico eNodeBs (pico-eNB), or femto nodes.
Some applications utilise radio remote heads (RRH) that are
connected to for example an eNB. Cell areas typically over-
lap, and thus a communication device in an area can listen
and transmit to more than one base station. Smaller radio
service areas can be located entirely or at least partially
within a larger radio service area. A communication device
may thus communicate with more than one cell. In some embodi-
ments network nodes can comprise a combination of wide area
network nodes and small area network nodes deployed using the

same frequency carriers (e.g. co-channel deployment).

In particular, Figure 1 depicts a primary or master cell
100. In this example the primary cell 100 can be provided by
a wide area base station 106 provided by a macro-eNB. The
macro-eNB 106 transmits and receives data over the entire
coverage of the cell 100. A secondary cell 110 in this exam-
ple is a pico-cell. A further cell can be provided by a suit-
able small area network node 118 such as Home eNBs (HelNB)
(femto cell) or another pico eNodeBs (pico-eNB). A yet fur-
ther cell 119 is shown to be provided by a remote radio head
(RRH) 120 connected to the base station apparatus of cell
100.

Base station may communicate via each other via fixed
line connection and/or air interface. The logical connection

between the base station nodes can be provided for example by
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an X2 1interface. In Figure 1 this interface is shown by the

dashed line denoted by 105.

In Figure 1 stations 106 and 107 are shown as connected
to a wider communications network 113 via gateway 112. A fur-
ther gateway function may be provided to connect to another
network. The smaller stations 118 and 120 can also be con-
nected to the network 113, for example by a separate gateway
function and/or via the macro level cells. In the example,
station 118 is connected via a gateway 111 whilst station 120

connects via the controller apparatus 108.

A possible mobile communication device for transmitting
to and receiving from a plurality of base stations will now
be described in more detail with reference to Figure 2 show-
ing a schematic, partially sectioned view of a communication
device 200. Such a communication device is often referred to
as user equipment (UE) or terminal. An appropriate mobile
communication device may be provided by any device capable of
sending radio signals to and/or receiving radio signals from
multiple cells. Non-limiting examples include a mobile sta-
tion (MS) such as a mobile phone or what is known as a ’smart
phone’, a portable computer provided with a wireless inter-
face card or other wireless interface facility, personal data
assistant (PDA) provided with wireless communication capabil-
ities, or any combinations of these or the 1like. A mobile
communication device may provide, for example, communication
of data for carrying communications such as voice, electronic
mail (email), text message, multimedia and so on. Users may
thus be offered and provided numerous services via their com-
munication devices. Non-limiting examples of these services
include two-way or multi-way calls, data communication or
multimedia services or simply an access to a data communica-

tions network system, such as the Internet. User may also be
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provided broadcast or multicast data. Non-limiting examples
of the content include downloads, television and radio pro-
grams, videos, advertisements, various alerts and other in-

formation.

The mobile device may receive and transmit signals over
an air interface 207 with multiple base stations via an ap-
propriate transceiver apparatus. In Figure 2 transcelver ap-
paratus is designated schematically by block 206. The trans-
ceiver apparatus 206 may be provided for example by means of
a radio part and associated antenna arrangement. The antenna
arrangement may be arranged internally or externally to the

mobile device.

A mobile communication device is also provided with at
least one data processing entity 201, at least one memory 202
and other possible components 203 for use in software and
hardware aided execution of tasks it is designed to perform,
including control of access to and communications with access
systems and other communication devices. The data processing,
storage and other relevant control apparatus can be provided
on an appropriate circuit board and/or in chipsets. This fea-

ture is denoted by reference 204.

The user may control the operation of the mobile device
by means of a suitable user interface such as key pad 205,
voice commands, touch sensitive screen or pad, combinations
thereof or the 1like. A display 208, a speaker and a micro-
phone can be also provided. Furthermore, a mobile communica-
tion device may comprise appropriate connectors (either wired
or wireless) to other devices and/or for connecting external

accessories, for example hands-free equipment, thereto.

Figure 3 shows an example of a control apparatus for a

communication system, for example to be coupled to and/or for
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controlling a transceiver base station. The control apparatus
300 can be arranged to provide control on communications in
the service area of a cell. In some embodiments a base sta-
tion can comprise a separate control apparatus. In other em-
bodiments the control apparatus can be another network ele-
ment. The control apparatus 300 can be configured to provide
control functions in association with cell aggregation or
other multi-flow arrangement by means of the data processing
facility in accordance with certain embodiments described be-
low. For this purpose the control apparatus comprises at
least one memory 301, at least one data processing unit 302,
303 and an input/output interface 304. Via the interface the
control apparatus can be coupled to a receiver and a trans-
mitter of the base station. The control apparatus can be con-
figured to execute an appropriate software code to provide
the control functions. It shall be appreciated that similar
component can be provided in a control apparatus provided
elsewhere in the system for controlling reception of suffi-
cient information for decoding of received information

blocks.

A wireless communication device, such as a mobile or base
station, can be provided with a Multiple Input / Multiple
Output (MIMO) antenna system for enabling multi-flow communi-
cations. MIMO arrangements as such are known. MIMO systems
use multiple antennas at the transmitter and receiver along
with advanced digital signal processing to improve link qual-
ity and capacity. More data can be received and/or sent where

there are more antennae elements.

A device can receive from and/or transmit to more than
one station at a time. Use of multiple flows is utilised e.q.
in techniques known as carrier aggregation (CA) and/or coor-

dinated multipoint (CoMP) transmissions. In carrier aggrega-
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tion a plurality of component carriers are aggregated to in-
crease bandwidth. An arrangement providing this is X2-based
inter-site LTE carrier aggregation (CA) / coordinated mul-
tipoint (CoMP). X2 1is a logical interface between base sta-
tions, for example enhanced NodeBs (eNB) as shown by the

dashed lines 105 in Figure 1.

When configured with inter-site CA/CoMP a communication
device / user equipment (UE) can be connected to multiple
non-collocated eNBs. In Figure 1 device 102 is shown to com-
municate over wireless links 122 and 124 with stations 106
and 107, respectively. Similarly, device 103 is shown to have
multiple wireless data flows with nodes 108 and 118. The
links can be via separate frequency carriers or on a frequen-
cy. eNB 108 can provide a primary access point or node con-
trolling a primary cell (PCell), and possibly one or more
secondary cells (SCell). The other eNB(s) 109 involved in the
communications can control one or more secondary cells. The
current thinking 1s that data split in the downlink takes
place in one of the transmission nodes. Such a node can be
referred to as master node, and is typically the node con-
trolling the PCell. That would be node 108 in Figure 1. Part
of the originated data flows is transmitted to the communica-
tion device via the master node using one or more carrier
frequencies, while the rest of the data flows are forwarded
via X2 link 105 to a secondary transmission point 107, often
referred to as a slave node, and 1is then delivered on the
downlink from the slave node to the communication device 102
using one or more carrier frequencies. The carrier frequen-
cies used by the slave node are typically other than those

used by the master node.

Multi-flow transmission in the uplink (UL) is also pos-

sible. This may require that the user equipment (UE) 102 is
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configured with inter-site CA/CoMP and supports dual-carrier
transmission in the UL. Also, the UE 102 can be configured
with inter-site CA/CoMP but such that it only supports sin-
gle-carrier transmission in the uplink (UL). The master-slave
(e.g. macro-pico cell) UL switching pattern for such communi-
cations can be configured by higher layers. During macro-
specific and pico-specific subframes the UE can be scheduled
physical uplink shared channel (PUSCH) resources by the cor-
responding node, i.e. PUSCH is available on both PCell (mas-
ter node / macro cell) and SCell (slave node / pico cell).
However, the PUSCH resources cannot be scheduled in the same

subframe for the master and he slave.

An underlying assumption with the X2-based inter-site
CA/CoMP is that each node performs scheduling independently.
This can be done at least partially based on buffer status
reports (BSR). For example, in LTE Release 10 specifications
buffer status reports (BSR) can be transmitted from UEs to
any of the available serving cells in the UL. However, a
problematic situation can occur in handling of BSRs when
there are multiple scheduling nodes 1in connection with UL
multi-flow transmission. There are various proposals how to
convey information for uplink scheduling in case of LTE mul-
ti-flow transmission in UL. One of these is a scenario where
BSRs by the UEs are always transmitted on both PCell and
SCell. According to another proposal UE can decide 1f it
transmits BSR on PCell or SCell. According to a possibility
this can be configured via radio resource control (RRC). It
is also possible to transmit BSR on PCell only. Regardless of
where the report is transmitted, a solution might be desired
how to control and/or coordinate scheduling for uplink trans-

missions in the primary and/or secondary cells.
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In accordance with an embodiment shown in the flowchart
of Figure 4 scheduling weight information is determined at
40. The weight information is signalled at 42 from a primary
(master) node to at least one secondary (slave) node and/or
communication device. The scheduling weight information can
then be used at 44 by an appropriate node receiving the in-
formation. For example, the information may be signalled to
the secondary node and/or the communication device and buffer
status information can be weighted accordingly in before

scheduling decisions are made.

Determination of the scheduling weights at a primary
node can be based on information sent by the at least one
secondary node to the primary node. The primary node may for
example calculate or estimate appropriate scheduling
weight (s) based on measured or estimated uplink throughput
and/or other relevant information. For example, explicit in-
formation about estimated UL capacity may be provided. Alter-
natively, or additionally the determination may be based on
e.g. measurements of the scheduled throughput. Information
regarding UL data reception from the secondary node may also

be used in here.

Exchange of information between the primary and second-
ary nodes may be needed in certain embodiments for the calcu-
lations / estimations of the weight(s). Examples for this

will be given below.

Figure 5 shows an embodiment where the scheduling weight
information is determined at 50 and communicated at 52 to a
communication device. The received information is then used
at 54 by the communication device. The communication device
can apply the weight information to at least one BSR in be-

fore transmission thereof to a relevant node at 56.
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According to a possibility weights are calculated in a
master node and signalled then to relevant UEs. The signal-
ling may be for example via radio resource control (RRC). The
UE can then weight the BRS wvalue accordingly before sending
BSR towards the corresponding node. The weight may be cell-
specific and an UL BSR weighting may be provided in a cell-
specific manner. For example PCell-specific BSR can be trans-
mitted on the PCell, etc. For example, the UE can report x%
of the buffer status to a PCell and (100-x)% of the buffer
status to a SCell where the UL BSR weight x is configured by
the master eNB. Also, different UEs with data radio bearers
(DRB) with different quality of service (QoS) can have dif-
ferent weights. For example, delay sensitive traffic may be
scheduled via PCell while delay tolerant traffic, especially
if there is large data amount, may be more suitably scheduled
via a SCell. Cell-specific can refer to difference serving

cells of a UE such that two cells can have different weights.

It is noted that cell specific this does not mean that
all UEs in a cell shall apply the same weight. For example,
UE specific weight can also be applied. From UE point of view
it does not matter if the weighting is UE specific and/or
cell-specific. Instead, a UE can apply a weight to buffer
status reporting as received regardless how the weight is de-

fined.

Figure 6 shows use of scheduling weight information ob-
tained at 60 in a primary and/or secondary node. In a primary
node the step of obtaining may comprise the determining step
40 of Figure 4. In a secondary node the step of obtaining may
comprise receiving of the information from a primary node.
Buffer status information is received at 62 from at least one
communication device. Scheduling of the uplink for the at

least one device 1is then provided at 64 at least in part
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based on the buffer status information and the weight infor-

mation.

In accordance with an embodiment the secondary nodes are
provided with weight information but no other information
such as information regarding the amount of resources sched-
uled by the primary cell or capacity of the primary cell may

be needed.

The weight may or may not have a direct relation with
the amount of resources scheduled by the primary node. This
can depend on the algorithm used at the primary node to cal-

culate the weights.

In accordance with an embodiment cell-specific uplink
buffer status report (UL BSR) weights are calculated in a
master node. A pico SCell specific weight can be reported
back to the slave node. Then each scheduling node can weigh
the reported BSR from the UE according to its specific weight

before allocating UL resources on the specific cell.

Cell-specific UL BSR weights can be determined by the
master eNB based on various information. For example, estima-
tions of the uplink throughput that can be scheduled by each
node can be used as basis of the determination. The estima-
tion of the throughput that can be scheduled at the secondary
node can be forwarded to the master node over X2 for the de-
termination of the weights. Information such as an estimation
of uplink throughput that can be scheduled by the primary
node and measurements of the uplink throughput actually
scheduled by the secondary node may also be used in determin-
ing the weights. In the latter case all this information can
be measured / estimated by the primary node. An advantage of
this is that there is no need to forward any information from

the secondary nodes.
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In accordance with an embodiment secondary nodes sched-
ule uplink resources as much as they can. The primary node of
the PCell can estimate the UL capacity of the secondary node
/ SCell based on UL data it receives, where after it can in-
form the node of the SCell about the PCell UL capacity and
the SCell can adjust its scheduling accordingly if this is
considered necessary.As mentioned above, information between
primary and secondary nodes may be exchanged. The primary
node may send the determined weight information and other in-
formation and the secondary node may send information for use
in determining the weights. For example, an estimate of up-
link data throughput that is available for scheduling of the
uplink resources by the secondary node may be provided and
the primary and secondary node can exchange information for
the generation of the estimate. Data can be exchanged between
the nodes over a logical interface between the nodes. For ex-

ample, X2 interface may be used.

The primary node can receive information of estimated
uplink data throughput available for scheduling by at least
one secondary node, and can thereafter determine weighting
for buffer status information and schedule at uplink re-
sources for at least one communication device based at least
in part on the estimate. For example, LTE eNBs can exchange
information on the amount of UL throughput they plan to
schedule in the future. By making information on the amount
of data traffic scheduled by the primary node available at
the secondary node overall scheduling efficiency may be im-
proved. The information on the amount of data traffic may be

provided in relative or absolute terms.

Use of estimates instead of actual measurements enables
operation where the need to wait for the primary or master

eNB to perform measurements of the scheduled throughput by
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the secondary or slave node(s) can be avoided before the
slave node can determine the (relative) amount of UL traffic

that it needs to schedule.

An estimate of the uplink throughput that can be sched-
uled at the secondary node for a specific UE can also be cal-
culated based on information such as UL signal to interfer-
ence plus noise ratio (SINR), configured primary node second-
ary node UL switching pattern and/or the load conditions in

the relevant secondary cell.

It is noted that whilst embodiments have been de-
scribed in relation to LTE, similar principles can be applied
to any other communication system or indeed to further devel-
opments with LTE. Also, instead of carriers provided by base
stations at least one of the carriers may be provided by a
communication device such as a mobile user equipment. For ex-
ample, this may be the case in application where no fixed
equipment provided but a communication system is provided by
means of a plurality of user equipment, for example in adhoc
networks. Therefore, although certain embodiments were de-
scribed above by way of example with reference to certain ex-
emplifying architectures for wireless networks, technologies
and standards, embodiments may be applied to any other suit-
able forms of communication systems than those illustrated
and described herein.

The required data processing apparatus and functions of
a base station apparatus, a communication device and any oth-
er appropriate apparatus may be provided by means of one or
more data processors. The described functions at each end may
be provided by separate processors or by an integrated pro-
cessor. The data processors may be of any type suitable to
the local technical environment, and may include one or more

of general purpose computers, special purpose computers, mi-
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croprocessors, digital signal processors (DSPs), application
specific integrated circuits (ASIC), gate level circuits and
processors based on multi core processor architecture, as non
limiting examples. The data processing may be distributed
across several data processing modules. A data processor may
be provided by means of, for example, at least one chip. Ap-
propriate memory capacity can also be provided in the rele-
vant devices. The memory or memories may be of any type suit-
able to the local technical environment and may be implement-
ed using any suitable data storage technology, such as semi-
conductor based memory devices, magnetic memory devices and
systems, optical memory devices and systems, fixed memory and

removable memory.

In general, the wvarious embodiments may be implemented
in hardware or special purpose circuits, software, logic or
any combination thereof. Some aspects of the invention may
be implemented in hardware, while other aspects may be imple-
mented in firmware or software which may be executed by a
controller, microprocessor or other computing device, al-
though the invention is not limited thereto. While wvarious
aspects of the invention may be illustrated and described as
block diagrams, flow charts, or using some other pictorial
representation, 1t is well understood that these blocks, ap-
paratus, systems, techniques or methods described herein may
be implemented in, as non-limiting examples, hardware, soft-
ware, firmware, special purpose circuits or logic, general
purpose hardware or controller or other computing devices, or
some combination thereof. The software may be stored on such
physical media as memory chips, or memory blocks implemented
within the processor, magnetic media such as hard disk or
floppy disks, and optical media such as for example DVD and

the data variants thereof, CD.
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The foregoing description has provided by way of exem-
plary and non-limiting examples a full and informative de-
scription of the exemplary embodiment of this invention. How-
ever, various modifications and adaptations may become appar-
ent to those skilled in the relevant arts 1in view of the
foregoing description, when read in conjunction with the ac-
companying drawings and the appended claims. However, all
such and similar modifications of the teachings of this in-
vention will still fall within the spirit and scope of this
invention as defined in the appended claims. Indeed there 1is
a further embodiment comprising a combination of one or more

of any of the other embodiments previously discussed.



10

15

20

25

WO 2013/135290 20 PCT/EP2012/054539

Claims

1. A method for scheduling uplink resources in a node for a
system where communication devices can communicate via a mul-
tiple of cells, comprising:

determining scheduling weight information regarding a

primary node and at least one secondary node, and

signalling the scheduling weight information to at least

one other node.

2. A method according to claim 1, comprising signalling the
scheduling weight information from the primary node to the at
least one secondary node and/or at least one communication

device.

3. A method according to claim 1 or 2, wherein the schedul-
ing weight information is for weighting buffer status infor-

mation.

4. A method according to claim 3, comprising applying the

scheduling weight information to buffer status reports.

5. A method for communicating buffer status information by
a device, comprising:
receiving scheduling weight information regarding a pri-

mary node and at least one secondary node,

welghting at least one buffer status report based on the

scheduling weight information, and

sending the at least one weighted buffer status report.
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6. A method for controlling scheduling of uplink resources
by a node for a system where communication devices can com-
municate via a multiple of cells, comprising:

obtaining scheduling weight information regarding a pri-

mary node and at least one secondary node,

receiving buffer status information from at least one

communication device, and

scheduling uplink transmission based on the scheduling

welght information and the buffer status information.

7. A method according to claim 6, wherein the obtaining of
scheduling weight information comprises determining the in-

formation in the primary node

8. A method according to claim 6, wherein the obtaining of
scheduling weight information comprises receiving the infor-

mation from the primary node.

9. A method according to any preceding claim, comprising
determining scheduling weight information for a cell based on

information about the uplink throughput of the cell.

10. A method according to any preceding claim, comprising
estimating wuplink data throughput that is available for
scheduling by a node.
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11. A method according to claim 10, comprising exchanging
information about the estimated uplink data throughput be-

tween the primary node and the secondary node.

12. A method according to any preceding claim, comprising
welghting buffering status reports from communication devices
on a per cell basis and/or on a per communication device ba-

sis.

13. A method according to any preceding claim, wherein the
welght information is determined based at on at least one of
uplink signal to interference plus noise ratio (SINR), a con-
figured uplink switching pattern between the nodes and load
conditions in a relevant cell associated with the secondary

node.

14. An apparatus for controlling scheduling of uplink trans-
missions in a node for a system where communication devices
can communicate via a multiple of cells, the apparatus com-
prising at least one processor, and at least one memory in-
cluding computer program code, wherein the at least one
memory and the computer program code are configured, with the
at least one processor, to

determine scheduling weight information regarding a pri-

mary node and at least one secondary node, and

cause signalling of the scheduling weight information to

at least one other node.

15. An apparatus according to claim 14, configured to cause

signalling of the scheduling weight information from the pri-
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mary node to the at least one secondary node and/or at least

one communication device.

16. An apparatus according to claim 14 or 15, configured to
provide the scheduling weight information for weighting of

buffer status information.

17. An apparatus according to claim 16, wherein the schedul-

ing weight information is for weighing buffer status reports.

18. An apparatus for controlling reporting of buffer status
information by a device, the apparatus comprising at least
one processor, and at least one memory including computer
program code, wherein the at least one memory and the comput-
er program code are configured, with the at least one proces-
sor, to

receive scheduling weight information regarding a primary

node and at least one secondary node,

welght at least one buffer status report based on the

scheduling weight information, and

cause sending of the at least one weighted buffer status

report.

19. An apparatus for controlling scheduling of uplink re-
sources by a node for a system where communication devices
can communicate via a multiple of cells, the apparatus com-
prising at least one processor, and at least one memory in-
cluding computer program code, wherein the at least one
memory and the computer program code are configured, with the

at least one processor, to
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obtain scheduling weight information regarding a primary

node and at least one secondary node,

receive buffer status information from at least one com-

munication device, and

schedule uplink <transmission based on the scheduling

welght information and the buffer status information.

20. An apparatus according to claim 19, configured to obtain
the scheduling weight information by determining the infor-

mation at the primary node.

21. An apparatus according to claim 19, configured to obtain
the scheduling weight information by receiving the infor-

mation from the primary node.

22. An apparatus according to any of claims 14 to 21, com-
prising determining scheduling weight information for a cell

based on information about the uplink throughput of the cell.

23. An apparatus according to any of claims 14 to 22, con-
figured to process estimates of uplink data throughput avail-

able for scheduling by a node.

24. An apparatus according to claim 23, configured to cause
exchange of information about estimated uplink data through-

put between the primary node and the secondary node.
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25. An apparatus according to any of claims 14 to 24, con-
figured to weight buffering status reports on a per cell ba-

sis and/or per communication device basis.

26. A network node comprising the apparatus of claim 14 or

19 or any claim dependent on claim 14 or 19.

27. A user equipment comprising the apparatus of claim 18 or

any claim dependent on claim 18.

28. A communication system comprising the apparatus of any

of claims 14 to 25.

29. A computer program comprising code means adapted to per-
form the steps of any of claims 1 to 13 when the program is

run on a processor.
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