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(57) ABSTRACT 
A buffer information report can be sent to a system station 
from a node for relaying communications between at least 
one user station and the system station. The report is gener 
ated based on a report format used for uplink reporting by a 
user station. An indication is also sent to the system station 
that the node for relaying has different buffering capabilities 
than the user station. At the system station the buffering 
capabilities of the node for relaying can be determined based 
on the buffer information report and the indication. Commu 
nications between the system station and the node for relay 
ing can then be controlled accordingly. 

24 Claims, 4 Drawing Sheets 
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1. 

REPORTING BUFFERING INFORMATION 

The invention relates to reporting in a communication sys 
tem, and more particularly to reporting of buffering informa 
tion in a communication system. 
A communication system can be seen as a facility that 

enables communication sessions between two or more enti 
ties such as user devices, base stations and/or other stations. A 
communication system and compatible communication 
devices typically operate in accordance with a given standard 
or specification which sets out what the various entities asso 
ciated with the system are permitted to do and how that should 
be achieved. Communication protocols and/or parameters 
which shall be used for the connection are also typically 
defined. For example, the manner how the communication 
system can be accessed and how communication shall be 
implemented between various communicating devices, the 
elements of the communication network and/or other associ 
ated nodes is typically based on predefined communication 
protocols. 
A user can access a communication system by means of an 

appropriate user (communication) device. A user device is 
often referred to as user equipment (UE). Users can be pro 
vided with numerous services via their communication 
devices. Non-limiting examples of possible services include 
two-way or multi-way calls, data communication or multi 
media services or simply an access to a data communication 
network system, such as the Internet. 

In a wireless communication system at least a part of the 
communication between at least two communicating devices, 
or wireless stations, occurs over a wireless link. Examples of 
wireless systems include public land mobile networks 
(PLMN), satellite based communication systems and differ 
ent wireless local networks, for example wireless local area 
networks (WLAN). The wireless systems can be divided into 
cells, such systems being often referred to as cellular systems. 
A user device and other stations are provided with an 

appropriate signal receiving and transmitting apparatus for 
enabling communications with other stations. In wireless sys 
tems a user communication device can communicate with for 
example a base station of an access network and/or another 
communication device such as another user equipment. 
3" Generation Partnership Project (3GPP) is standardizing 

an architecture that is known as the long-term evolution 
(LTE) of the Universal Mobile Telecommunications System 
(UMTS) radio-access technology. The aim is to achieve, inter 
alia, reduced latency, higher user data rates, improved system 
capacity and coverage, and reduced cost for the operator. A 
further development of the LTE is referred to herein as LTE 
Advanced. The LTE-Advanced aims to provide further 
enhanced services by means of even higher data rate and 
lower latency with reduced cost. The various development 
stages of the 3GPP LTE specifications are referred to as 
releases. Backward compatibility of LTE-Advanced with ear 
lier versions of the LTE would be desired. 

In particular in the initial network development phase 
building of cost-effective coverage may be desired by net 
work operators. There are also other reasons for extending the 
coverage of an access point Such as a base station. Relaying 
has been proposed as a possibility to enlarge the coverage of 
a base station. Apart from this goal of coverage extension, 
relaying may also help in provision of high-bit-rate coverage 
in high shadowing environment, reducing average radio 
transmission power at the user equipment (UE), thereby lead 
ing to improved battery life. More effective throughput may 
also be achieved, for example because of increased cell-edge 
capacity, better balancing of cell load and enhanced overall 
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2 
performance and deployment cost of radio access networks 
(RAN). Already for these reasons relaying is considered as a 
potential feature of the LTE-A, and it can be contemplated 
that for future LTE standard releases, releases 9 and upwards, 
relay nodes (RNs) are provided. 
The design of non-transparent relay concept with back 

ward-compatibility with the existing LTE compatible 
devices, for example with devices known as LTE release 8 
compatible equipment would be desired. It may also be 
desired to keep the Software and even hardware updates as 
Small as practically possible at the network side. 

Relaying between stations can be provided by entities 
referred to as relay stations (RSS) or relay nodes (RNs). The 
relay nodes can be fixed, for example other base stations, or 
mobile, for example mounted on a high-speed train. In some 
systems the relaying nodes or stations may be provided by 
opportunistically available user equipments/mobile terminals 
that are not as Such a part of the communication network. A 
relay node (RN) can be wirelessly connected to the commu 
nication system, typically to a station connected to a radio 
access network. Such a station is often referred to as a donor 
station or donor cell. The donor station provides resources for 
wireless backhauling, or a backhaul link, for the relay. 

Reporting of information regarding the buffers status of the 
user equipment has been proposed. For example, LTE pro 
vides a mechanism known as buffer status reporting for pro 
viding the serving base station, and more particularly the 
serving LTE enhanced NodeB (eNB), with information about 
the amount of data available for transmission in the uplink 
buffers of the user equipment (Un). The particular reports 
generated and sent in the uplink to the serving base station by 
the user equipment are called buffer status reports (BSR). The 
serving base station is able to support quality of service (QoS) 
aware packet scheduling over the uplink based on buffering 
information contained in the reports. This is so because the 
serving station can take the buffer status at the respective user 
equipments into consideration. The information assists in 
avoiding buffer overflows and unnecessary dropping of data 
connections due to unavailable uplink grants. 
More particularly, the buffer status report (BSR) is pro 

vided from the user equipment to the serving eNB via 
medium access control (MAC) signaling by means of an 
appropriate buffer status report (BSR) MAC control element. 
The BSR MAC control element can consist of a short BSR or 
a truncated BSR format or a long BSR format. All the formats 
include a buffer size field which identifies the total amount of 
data available across all logical channels of a logical channel 
group (LCG) after the MAC protocol data unit (EDU) has 
been built. The currently defined length of the buffer size field 
of the buffer status report is 6 bits. The values of the field 
present the number of bytes in the buffer of the user equip 
ment, and range from 0 to 150000 bytes. 

In a relaying scenario where the relay node (RN) is pro 
vided by a user equipment it is possible that the user equip 
ment acting as a relay node reports the buffer status thereof in 
the same manner as user equipments report the status in the 
LTE when no relaying is used. This helps the donor eNB to 
schedule proper uplink backhaul resources for the relay node 
as well as the uplink flow control. However, a relay node can 
also simultaneously serve multiple user equipments and thus 
a considerable Volume of data may aggregate at the relay 
node. Because of this the buffer capacity at the relay nodes 
should be higher than that at the individual user equipments. 
Also, the peak data rate on the backhaul links can be higher 
than on the access links. Thus the serving or donor eNB 
should not treat relay nodes and user equipment in the same 
way as the buffer of a relay node may be considerably larger 
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and thus far from overflow compared to the buffer of the user 
equipment. Moreover, in the current reporting structure, if the 
buffer size of a relay node exceeds 150000 bytes, all buffer 
status reports (BSR) thereof fall into the maximum range, i.e. 
the report would indicate a buffer size that is higher than 
150000 bytes. This may not appropriately present the true 
buffer status at the relay node. 

Another issue relates to flow control. The current proposals 
focus on downlink (DL) flow control by indicating additional 
downlink buffer-related information from user equipment to 
the serving eNB. The current proposals consider the buffer 
status reports also as a solution for the uplink (UL) flow 
control. However, the inventors have recognized that the 
above discussed limitation in view of buffer size information 
may have an impact in relation of uplink flow control. 

It is noted that the above discussed issues are not limited to 
any particular communication environment, but may occur in 
any appropriate communication system where relaying may 
be provided. 

Embodiments of the invention aim to address one or sev 
eral of the above issues. 

In accordance with an embodiment there is provided a 
method comprising sending a buffer information report to a 
system station from a node for relaying communications 
between at least one user station and the system station, the 
report being generated based on a report format used for 
uplink reporting by a user station and sending an indication to 
the system station that the node for relaying has different 
buffering capabilities than the user station. 

In accordance with another embodiment there is provided 
a method comprising receiving a buffer information report 
from a node for relaying communications between at least 
one user station and a system station, the report being gener 
ated based on a report format used for uplink reporting by a 
user station, receiving an indication that the node for relaying 
has different buffering capabilities than the user station, 
determining the buffering capabilities of the node for relaying 
based on the buffer information report and the indication, and 
controlling communications between the system station and 
the node for relaying accordingly. 

In accordance with another embodiment there is provided 
an apparatus, comprising means for causing sending of a 
buffer information report to a system station from a node for 
relaying communications between at least one user station 
and the system station, the report being generated based on a 
report format used for uplink reporting by a user station, and 
means for causing sending of an indication to the system 
station that the node for relaying has different buffering capa 
bilities than the user station. 

In accordance with another embodiment there is provided 
an apparatus comprising means for receiving a buffer infor 
mation report from a node for relaying communications 
between at least one user station and a system station, the 
report being generated based on a report format used for 
uplink reporting by a user station, and control means for 
processing an indication that the node for relaying has differ 
ent buffering capabilities than the user station, for determin 
ing the buffering capabilities of the node for relaying based on 
the received buffer information report and the indication, and 
for controlling communications between the system station 
and the node for relaying accordingly. 

In accordance with a yet another embodiment there is 
provided a buffer information message for reporting buffer 
information to a system station from a node for relaying 
communications between at least one user station and the 
system station, the buffer information message comprising a 
buffer status report for uplink reporting by a user station and 
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4 
an indication that the node for relaying has different buffering 
capabilities than the user station. 

In accordance with a more detailed embodiment the indi 
cation can be based on the number of user stations served by 
the node for relaying. The indication may comprise the num 
ber of user stations served by the node for relaying. The 
indication may comprise an indication that the buffer size of 
the node for relaying is extended from that of the user equip 
ment and information of the size of the extension. 
The buffer information report may indicate the buffer size 

of a user equipment and the indication may provide a buffer 
extension factor, wherein the buffer capabilities of the node 
for relaying are defined as a function of the buffer size and 
buffer extension factor. The indication may be based at least 
partially on the buffer capability of the node for relaying. 
The indication may be communicated within the buffer 

information report. For example, the buffer information 
report may comprise a buffer status report provided with an 
information element containing said indication. The buffer 
status report may comprise an extension including said indi 
cation. The indication maybe provided by increasing the 
length of the buffer size field of a buffer status report. 

Alternatively, said indication may be communicated sepa 
rately from the buffer information report. The buffer size of 
the node for relaying mat then be determined by multiplying 
the buffer size indicated by a buffer status report by separately 
signalled indication of the number of user stations connected 
to the node for relaying. Said indication may be communi 
cated in a radio resource control message or an admission 
control message and the buffer information report may be 
communicated in a medium access control message. 
A computer program comprising program code means 

adapted to perform the 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 herein 
described methods is provided. 

Various other aspects and further embodiments are 
described in the following detailed description and in the 
attached claims. 
The invention will now be described in further detail, by 

way of example only, with reference to the following 
examples and accompanying drawings, in which: 

FIG. 1 shows an example of a communication system in 
which the embodiments of the invention may be imple 
mented; 

FIG. 2 illustrates schematically the relation between a user 
station, a node for relaying and a system station; 
FIG.3 shows an example of a controller for a station; 
FIG. 4 shows a flow chart for reporting buffer information 

in accordance with an embodiment; 
FIGS. 5 to 10 show reports in accordance with certain 

embodiments; and 
FIG. 11 shows a signalling flow chart for reporting in 

accordance with an embodiment. 
In the following certain exemplifying embodiments are 

explained with reference to wireless or mobile communica 
tion systems serving mobile communication devices. Before 
explaining in detail the certain exemplifying embodiments, 
certain general principles of a wireless communication sys 
tem and the elements thereof are briefly explained with ref 
erence to FIGS. 1 to 3 to assist in understanding the herein 
described embodiments. 

In a wireless system a user can be provided with a station 
Such as a user equipment or device 1 that can be used for 
accessing various services and/or applications. The access 
can be provided via an access interface between the user 
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devices 1 and an appropriate wireless access point. An appro 
priate user device or station 1 may be provided by any device 
capable of sending and receiving radio signals. Non-limiting 
examples include a mobile station (MS), a portable computer 
provided with a wireless interface card or other wireless 
interface facility, personal data assistant (PDA) provided with 
wireless communication capabilities, or any combinations of 
these or the like. A wireless mobile communication device is 
often referred to as a user equipment (UE). 
The communication devices 1 of FIG. 1 may be used for 

Voice and video calls, for accessing service applications pro 
vided via a data network. Each device 1 may receive signals 
via an appropriate radio receiver of the device (not shown for 
clarity). The receiver maybe provided for example by means 
of a radio part and associated antenna arrangement. The 
antenna arrangement may bearranged internally or externally 
to the mobile device. A mobile device is also typically pro 
vided with at least one data processing entity, at least one 
memory and other possible components for use in tasks it is 
designed to perform. A relevant memory facility in this con 
text is the buffering capability. The data processing, storage 
and other entities can be provided on an appropriate circuit 
board and/or in chipsets. Each mobile device 1 may have one 
or more radio channels open at the same time and may receive 
signals from more than one base station and/or other commu 
nication device. 
The wireless user devices can access the communication 

system based on various access techniques, such as code 
division multiple access (CDMA), or wideband CDMA 
(WCDMA), the latter technique being used by communica 
tion systems based on the third Generation Partnership 
Project (3GPP) specifications. Other examples include time 
division multiple access (TDMA), frequency division mul 
tiple access (FDMA), space division multiple access 
(SDMA) and so on. In a wireless system a network entity such 
as abase station provides an access node for communication 
devices. Other non-limiting examples of appropriate access 
nodes are a base station of a cellular system, a base station of 
a wireless local area network (WLAN) and/or WiMax 
(Worldwide Interoperability for Microwave Access). A non 
limiting example of mobile architectures where the herein 
described principles may be applied is known as the Evolved 
Universal Terrestrial Radio Access Network (E-UTRAN) 
wherein base stations are provided by means of enhanced 
NodeBs (eNBs). The eNBs may provide E-UTRAN features 
such as user plane Radio Link Control/Medium Access Con 
trol/Physical layer protocol (RLC/MAC/PHY) and control 
plane Radio Resource Control (RRC) protocol terminations 
towards the user devices. 

In the FIG. 1 example the base stations 10 and 20 are each 
configured to provide radio coverage area or a cell. The base 
stations can provide one or more cells. In the example of 
FIGS. 1 and 2 base station 20 provides the serving station or 
a donor station of the communication system and base station 
10 provides a relay node. The relevance of the relation 
between a donor station and nodes for relaying will be dis 
cussed in more detail later in this description. 
A base station is typically controlled by at least one appro 

priate controller entity so as to enable operation thereof and 
management of mobile user devices in communication with 
the base station. The controller entity is typically provided 
with memory capacity and at least one data processor. The 
control entity can be interconnected with other control enti 
ties. In FIG. 1 the controller is shown to be provided by block 
13 comprising at last one processor 14 and at least one 
memory 15. However, it shall be understood that the control 
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6 
functions may be provided differently from this example. For 
example, the control functions may be distributed between a 
plurality of controller units. 

FIG.3 shows an example of a controller apparatus 30 for a 
relay node comprising at least one memory 31, at least one 
data processing unit 32 and an input/output interface 34. The 
control apparatus further comprises a buffering entity33. The 
controller may be configured to execute an appropriate soft 
ware code to provide the desired control functionality. 

Although not shown, a gateway function between the 
access systems, the core network and/or another network 
Such as the packet data network may be provided by means of 
appropriate gateway nodes. Therefore, regardless of the gate 
way arrangement, the serving base station 20 is shown to be 
connected to a data network 22. 

In FIG. 1 at least one of the base stations 10 can act as a 
relay node between the user equipments 1 and the serving 
base station 20 of the communication system. Communica 
tions between the user equipments 1 and the base station/ 
relay node 10 can be provided by a duplex link (see also FIG. 
2). Communications between the base station/relay node 10 
and the base station 20 can also be provided by means of a 
duplex link. 

Considering now the exemplifying relay nodes of the 
3GPP. Up to now, the 3GPP has only defined a “type 1 relay 
node (RN). A type 1 relay node is an inband relaying node that 
has a separate physical cell identity (ID), Supports hybrid 
automatic retransmission request (HARO) feedback mecha 
nism and is backward compatible to Release 8 (Rel8) com 
munication devices. The definition for the nodes and the 
interfaces as shown in FIG. 2 has also been agreed. The 
interface between the user equipment (UE) 1 and relay node 
10 is named as Uu interface and the link is seen as an access 
link. Considering the backward compatibility requirements, 
the interface between the user equipment and the relay node 
can be consistent with the Release 8 interface of the LTE. The 
link between the relay node 10 and the serving base station, or 
a donoreNB (DeNB) if the language of the 3GPP LTE is to be 
used, is considered as a backhaul link. This interface is 
denoted in the example as an Un interface. The definitions of 
the backhaul interface are currently still open and are yet to be 
specified in 3GPP. Nevertheless, the basic principle of back 
hauling between a relay node and a donor station can be seen 
from FIG. 2. 
The following examples are given with reference to a pos 

sible buffer information reporting arrangement for advanced 
long term evolution (LTE-A) of the 3GPP. In the LTE buffer 
status reporting procedure can be used in the uplink to provide 
the serving system eNB 20 with information about the 
amount of data available for transmission in the uplink buffers 
(UL) of the user equipments (UE) 1. With this information, 
the serving eNB can offer improved support for quality of 
service aware packet scheduling over the uplink, taking into 
consideration the buffer statuses of the respective user equip 
mentS. 

In the examples described below with reference to FIGS. 4 
to 10 use of a buffer status information reporting capability of 
a user station in the uplink is utilised by extending the use 
thereof to the backhaul link between the relay node and the 
serving base station of the communication system. In the 
examples the serving base station is provided by eNB 20 and 
the relay nodes are provided by eNBs 10. In the described 
embodiments buffer status reports (BSR) and/or any other 
appropriate metric is used to provide a mechanism for reflect 
ing the buffer size at the relay node and/or the buffer size at 
user equipments connecting to the relay node. In the 
examples the relay node can send, for example, an extended 
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BSR (E-BSR) to the donor eNB. The E-BSR can be sent and 
the buffering information delivered, for example, by means of 
medium access control control element (MAC CE) and/or 
radio resource control (RRC) signalling. 

Operation of the relay node and serving node in accordance 
with an embodiment is illustrated by the flowchart of FIG. 4. 
As shown in the flowchart of FIG.4, the reporting mechanism 
is extended to cover also the backhaul link such that the 
greater buffer sizes of the relay nodes can be taken into 
acCOunt. 

In the shown embodiment the relay nodes detects at 100 
that it is relaying for a plurality of user stations. The relay 
node then generates at 102 a buffer information report based 
on a buffer report format used by at least one user station. 
Whilst the user stations can use this report for reporting their 
buffer status on an access link, in here the report is used for 
reporting relay node buffer information in the backhaul 
uplink. To generate the report the relay node may generate a 
new report in accordance with the report format typically 
used by the user stations for uplink reporting, and include 
information regarding its buffer at 104 to this newly generated 
report. Alternatively, the relay node can use a report received 
from a user Station on the access linkas a base, and add further 
buffer information relating to its buffering capabilities at 104 
to the report before forwarding the report to the backhaul link. 

Information that the relay node may include at 104 into the 
report comprises information regarding the buffer that is 
maintained at the relay node. It may additionally include or 
forward buffer status information it has received from the user 
stations. For example, the relay node can include in the report 
an indication regarding the buffering capabilities thereof. An 
example of such indication is an indication that the relay node 
has different buffering capabilities from what would be the 
buffer capability of a user station it is serving, and shall 
therefore be treated differently. 

The indication can be given, for example, in the form of an 
indication of the size of the buffer of the relay node. The size 
can be indicated in various ways, for example as a multiple of 
the buffer size of a user station, as a number of user stations 
served by the relay node, and so on. In the detailed examples 
below the indication is given by a buffer extension factor. 

The relay node then sends at 106 the buffer information 
report with the buffering information to a serving base station. 
The serving base station receives the report at 108. It can 
determine at 110 that the buffer information report includes 
an indication that the relay node has different buffering capa 
bilities from the buffer capability of a user station. Upon 
determining of the buffering capabilities of the relay node, the 
serving base station can make any required computations, for 
example computations as discussed below in the detailed 
examples, and control communications with the node for 
relaying accordingly at 112. 

FIG.5 shows a more detailed example where the indication 
is provided by means of an extension factor (EF). The exten 
sion factor can be included in a medium access control 
(MAC) control element (CE) provided by a short buffer status 
report. The extended buffer status report (E-BSR) 50 com 
prises a normal buffer status report (BSR) part 52 as used by 
a user equipment for uplink reporting in octet 1. An indication 
53 of buffer extension is included in octet 2. In the example of 
FIG. 5the indicator 53 is provided by an extension factor (EF) 
information element (IE). 
The extension factor can be a value that is indicative of how 

much the buffer size of the relay node shall be extended. For 
example, the extension factor can be expressed as an integer 
representing the number of user equipments that are currently 
connected to the relay node. According to another possibility 
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8 
the factor is decided based on the relay node buffer capability. 
For example, a table of increased ranges for the buffer capa 
bility can be defined, and these can be used for the reporting. 

For short or truncated E-BSR 50, the extension factor can 
be applied to extend the buffer size corresponding to the 
logical channel group (LCG) as indicated by the Logical 
Channel Group Identity (LCGID) 51 in the normal BSR part 
52. The extension factor can be defined as an integer number, 
the number being indicative how much to extend the buffer 
S17C. 

FIG. 6 shows a long extended buffer status report 54 com 
prising four buffer size fields corresponding to LCG IDs #1 
through #4 in octets 1-3. For a long E-BSR 54 shown in FIG. 
6, a common extension factor information element 56 in octet 
4 can be applied to the buffer sizes corresponding to all logical 
channel groups (LCGs) in the normal BSR part. Alternatively, 
different extension factors can be provided to be applied to the 
different LCGs, respectively. 
The serving station, i.e. the donor eNB 20 of FIGS. 1 and 2. 

then receives the report. The donor eNB detects that the report 
is an E-BSR, where after it can consider the buffer size as a 
function of the buffer size indicated in the normal BSR part 
and the extension factor. For example, the donor eNB can 
multiply the BSR of part 52 by the extension factor of part 53 
in FIG. 5. 
Use of an extended BSR can be triggered when it is deter 

mined that the extension factor needs to be changed. The relay 
node can determine this based on its buffer status. In case 
there is no need for a change in the extension factor it can 
remain the same as in the previous report. In such instance it 
is possible to use the normal BSR for reporting, and the donor 
eNB can calculate the buffer size of the relay node by multi 
plying the value of the most recent BSR by the previously 
received extension factor. Thus the most recent extension 
factor can be used as default until anything else is indicated. 

In accordance with a possibility a default extension factor 
can be used in response to reception of a report indicative that 
the reporting node is provided with different buffer capabili 
ties from that of the user equipment. The default can be based 
on averages or estimates of the number of simultaneously 
served user equipments and so on. 

In accordance with an option, an extension factor is always 
applied to buffer information reports from a relay node. A 
default extension factor equalling one can be used by the 
serving station unless another extension factor is indicated by 
the buffer information report from the relay node. 

In accordance with a possibility the relay node and the 
serving station will use as a default extension factor the num 
ber of user equipments connected to the relay node unless 
nothing else is indicated. An example of Such indication is 
where the relay node includes a weighting factor to indicate to 
the serving station that a different extension of the buffer size 
is to be applied. 

FIG. 7 shows another embodiment wherein an indication 
of a relay node buffer reporting instead of user equipment 
reporting is provided by extending the field size of a short or 
truncated buffer status report. In this embodiment the E-BSR 
58 includes the same information elements as a normal BSR 
but the length of the buffer size field 59 is extended from 6-bit 
to N-bit (N-6). The eNB can then detect that the field is longer 
than it would be in a report received form a user equipment, 
this indication triggering use of a different buffer size. The 
different buffer size can then be indicated by the extra bits, or 
a default value can be used once the indication of a relay node 
has been detected. For example, a default of 2, 3 or 4 simul 
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taneously communicating user equipments, or any other fac 
tor descriptive of an average buffer size of the relay node 
could be used. 

FIG. 8 illustrates an example for use of extended field sizes 
as an indicator in the case of long buffer status reports for four 
different fields corresponding to LCG IDs #0 through #3 in 
octets 1-4. For a long E-BSR 60 shown in FIG. 8, a common 
extension factor information can be applied to the buffer sizes 
corresponding to all logical channel groups (LCGs). Alterna 
tively, different extension factors can be provided to be 
applied to the different LCGs. 

According to yet further examples shown in FIGS. 9 and 
10, the extension factor information is transmitted separately 
in a report message that is based on the normal buffer status 
report (BSR). E-BSR 62 of FIG. 9 includes the extension 
factor (EF) information 64 in octet 1 after the LCG ID field 
63. In this arrangement the extension factor is common for all 
members of the logical channel group (LOG). According to a 
possibility shown in FIG. 10, different extension factors can 
be provided in field 67 of report 66 for different members of 
the LCG. 
A Logical Channel Identity (LCID) can be assigned dedi 

catedly for each E-BSR MAC control element. In order to 
identify the E-BSR MAC control element, a dedicated LCID 
can be defined, for example, as shown in Table 1 below. 

TABLE 1. 

Values of LCID for UL-SCH 

Index LCID values 

OOOOO CCCH 
OOOO1-01010 Identity of the logical 

channel 
O1011-11 OO1 Reserved 

11010 Power Headroom Report 
11011 C-RNTI 
11100 Truncated BSR 
11101 Short BSR 
11110 Long BSR 
11111 Padding 
Xxxxx Extended BSR 

Instead of signalling the extension factor explicitly in 
buffer status signalling, the extension factor or other indica 
tion of the number of user equipments attached to the relay 
node can be aligned with the number of the user equipments 
which has been communicated by means of other signalling, 
for example by means of admission control or radio resource 
control (RRC) signalling. FIG.11 shows use of radio resource 
control (RRC) signalling for communicating the buffer status 
indication from the relay node to the donor station. Extension 
of a buffer status report (BSR) can be achieved based on use 
of RRC signalling for example by including an indication of 
an extension factor in a message Such as a relay node capa 
bility information message. The extension factor can be 
decided, for example, based on the relay node buffer capacity. 
The exemplifying RRC signalling can make use of a user 
equipment capability information message as defined by the 
3GFF. 

In the following transmission, upon reception of the actual 
buffer status report (BSR) from the relay node 10, the donor 
eNB 20 calculate the buffer size at relay node 10 as a function 
of the value presented by the buffer size in the BSR and the 
extension factor information received in the capability infor 
mation message. For example, a value of the BSR can be 
multiplied by the value indicated by an extension factor. An 
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10 
advantage of this embodiment is that it does not necessarily 
increase MAC signalling overhead after the buffer size is 
indicated. 
The proposed buffer information reporting scheme allows 

a relay node to indicate its uplink buffer status in a wider 
range of options and hence to avoid incorrect indication for 
example in case of out of range of “normal uplink reporting 
schemes. This embodiment may also improve the perfor 
mance of the system. The above described embodiments are 
also backward compatible to release 8 of the LTE. 
The required data processing apparatus and functions of a 

relay node and a base station apparatus in the system side as 
well as an appropriate user device may be provided by means 
of one or more data processors. The above described func 
tions may be provided by separate processors or by an inte 
grated processor. The data processing may be distributed 
across several data processing modules. A data processor 
maybe provided by means of for example, at least one chip. 
Appropriate memory capacity can also be provided in the 
relevant nodes. An appropriately adapted computer program 
code product or products may be used for implementing the 
embodiments, when loaded on an appropriate data processing 
apparatus, for example in a processor apparatus 13 associated 
with the base station 20 shown in FIG. 1 as an example of a 
serving station and the apparatus of FIG. 3 for a node for 
relaying. The program code product for providing the opera 
tion maybe stored on, provided and embodied by means of an 
appropriate carrier medium. An appropriate computer pro 
gram can be embodied on a computer readable record 
medium. A possibility is to download the program code prod 
uct via a data network. 
The above exemplifying embodiments provide ways how 

relay nodes can extend use of buffer status reports used by the 
user stations. The report format can be enhanced for a back 
haul link between a relay node and a station of the access 
system that is actually serving the user station, for example a 
donor eNB (DeNB). This may be needed because the buffer 
sizes of the relay nodes can be considerably larger than what 
is available for buffering in a user station. 

It is noted that whilst embodiments have been described in 
relation to LTE, similar principles can be applied to any other 
communication system where relaying is employed. There 
fore, although certain embodiments were described above by 
way of example with reference to certain exemplifying archi 
tectures for wireless networks, technologies and standards, 
embodiments may be applied to any other suitable forms of 
communication systems than those illustrated and described 
herein. 

It is also noted herein that while the above describes exem 
plifying embodiments of the invention, there are several 
variations and modifications which may be made to the dis 
closed solution without departing from the scope of the 
present invention. 
What is claimed is: 
1. A method comprising: 
sending a buffer information report to a system station 

from a node for relaying communications between at 
least one user station and the system station, the report 
being generated based on a report format used for uplink 
reporting by a user station; and 

sending an indication to the system station that the node for 
relaying has different buffering capabilities than the user 
station. 

2. A method as claimed in claim 1, wherein the indication 
comprises an indication that the buffer size of the node for 
relaying is extended from that of the user equipment and 
information of the size of the extension. 
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3. A method as claimed claim 1, wherein the buffer infor 
mation report indicates the buffer size of a user equipment 
and the indication provides a buffer extension factor, the 
method comprising defining the buffer capabilities of the 
node for relaying as a function of the buffer size and buffer 
extension factor. 

4. A method as claimed in claim 1, wherein the buffer 
information report comprises a medium access control con 
trol element. 

5. A method as claimed in claim 1, comprising separate 
signalling of said indication in a radio resource control mes 
sage or an admission control message and the buffer infor 
mation report in a medium access control message. 

6. An apparatus, comprising: 
means for causing sending of a buffer information report to 

a system station from a node for relaying communica 
tions between at least one user station and the system 
station, the report being generated based on a report 
format used for uplink reporting by a user station; and 

means for causing sending of an indication to the system 
station that the node for relaying has different buffering 
capabilities than the user station. 

7. A method comprising: 
receiving a bufferinformation report from a node for relay 

ing communications between at least one user station 
and a system station, the report being generated based on 
a report format used for uplink reporting by a user sta 
tion; 

receiving an indication that the node for relaying has dif 
ferent buffering capabilities than the user station; 

determining the buffering capabilities of the node for relay 
ing based on the buffer information report and the indi 
cation; and 

controlling communications between the system station 
and the node for relaying accordingly. 

8. A method as claimed in claim 7, wherein the indication 
comprises an indication that the buffer size of the node for 
relaying is extended from that of the user equipment and 
information of the size of the extension. 

9. A method as claimed in claim 7, wherein the buffer 
information report indicates the buffer size of a user equip 
ment and the indication provides a buffer extension factor, the 
method comprising defining the buffer capabilities of the 
node for relaying as a function of the buffer size and buffer 
extension factor. 

10. A method as claimed in claim 7, wherein the buffer 
information report comprises a medium access control ele 
ment. 

11. A method as claimed in claim 7, comprising separate 
signalling of said indication in a radio resource control mes 
sage or an admission control message and the buffer infor 
mation report in a medium access control message. 

12. An apparatus comprising: 
means for receiving a buffer information report from a 

node for relaying communications between at least one 
user station and a system station, the report being gen 
erated based on a reportformat used for uplink reporting 
by a user station; and 

control means for processing an indication that the node for 
relaying has different buffering capabilities than the user 
station, for determining the buffering capabilities of the 
node for relaying based on the received buffer informa 
tion report and the indication, and for controlling com 
munications between the system station and the node for 
relaying accordingly. 

13. An apparatus, comprising: 
at least one processor; and 
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12 
at least one memory including computer program code 
the at least one memory and the computer program code 

configured to, with the at least one processor, cause the 
apparatus to perform at least the following: 

sending of a buffer information report to a system station 
from a node for relaying communications between at 
least one user station and the system station, the report 
being generated based on a report format used for uplink 
reporting by a user station; and 

sending of an indication to the system station that the node 
for relaying has different buffering capabilities than the 
user station. 

14. An apparatus as claimed in claim 13, wherein the at 
least one memory and the computer program code are further 
configured to, with the at least one processor, cause the appa 
ratus to perform at least the following: process an indication 
that the buffer size of the node for relaying is extended from 
that of the user equipment and information of the size of the 
extension. 

15. An apparatus as claimed in claim 13, wherein the at 
least one memory and the computer program code are further 
configured to, with the at least one processor, cause the appa 
ratus to perform at least the following: process a buffer infor 
mation report that indicates the buffer size of a user equip 
ment, and wherein the indication provides a buffer extension 
factor and the buffer capabilities of the node for relaying are 
defined as a function of the buffer size and buffer extension 
factor. 

16. An apparatus as claimed in claim 13, wherein the at 
least one memory and the computer program code are further 
configured to, with the at least one processor, cause the appa 
ratus to perform at least the following: communicate the 
indication within the buffer information report. 

17. An apparatus as claimed in claim 16, wherein the buffer 
information report comprises a buffer status report and said 
indication is included into an extension of the buffer status 
report. 

18. An apparatus, comprising: 
at least one processor, and 
at least one memory including computer program code 
the at least one memory and the computer program code 

configured to, with the at least one processor, cause the 
apparatus to perform at least the following: 

receiving a buffer information report from a node for relay 
ing communications between at least one user Station 
and a system station, the report being generated based on 
a report format used for uplink reporting by a user sta 
tion; and 

control means for processing an indication that the node for 
relaying has different buffering capabilities than the user 
station, for determining the buffering capabilities of the 
node for relaying based on the received buffer informa 
tion report and the indication, and for controlling com 
munications between the system station and the node for 
relaying accordingly. 

19. An apparatus as claimed in claim 18, wherein the at 
least one memory and the computer program code are further 
configured to, with the at least one processor, cause the appa 
ratus to perform at least the following: process an indication 
that the buffer size of the node for relaying is extended from 
that of the user equipment and information of the size of the 
extension. 

20. An apparatus as claimed in claim 18, wherein the at 
least one memory and the computer program code are further 
configured to, with the at least one processor, cause the appa 
ratus to perform at least the following: determine the buffer 
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size of the node for relaying based on an extension factor that 
has been received earlier or based on a default extension 
factor. 

21. An apparatus as claimed in claim 18, wherein the at 
least one memory and the computer program code are further 
configured to, with the at least one processor, cause the appa 
ratus to perform at least the following: communicate the 
indication within the buffer information report. 

22. An apparatus as claimed in claim 18, wherein the buffer 
information report comprises a buffer status report and said 
indication is included into an extension of the buffer status 
report. 

23. A computer program product comprising a non-transi 
tory computer-readable storage medium bearing computer 
program code embodied therein for use with a computer, the 
computer program code comprising code for performing the 
method of claim 1. 

24. A computer program product comprising a non-transi 
tory computer-readable storage medium bearing computer 
program code embodied therein for use with a computer, the 
computer program code comprising code for performing the 
method of claim 7. 
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