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(57) ABSTRACT 
Apparatus and method for encoding and transmitting feed 
back information from a first network node to a second 
network node in a multi-carrier wireless telecommunica 
tions network. The first network node is operable to receive 
signals from the second network node on two or more 
reception carriers and transmit data to the second network 
node on one or more transmission carriers. Each reception 
carrier being transmitted within an associated a radio band. 
The method comprises the steps of: (i) monitoring for a 
signal on at least two of the reception carriers; (ii) generating 
feedback information for at least two of the reception 
carriers based upon received signals; (iii) grouping the 
feedback information for reception carriers being transmit 
ted within the same radio band; and encoding said grouped 
feedback information for two or more reception carriers 
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being transmitted within the same radio band; and iv) 
transmitting the encoded feedback information to the second 
network node on one or more transmission carriers. 
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FEEDBACK INFORMATION IN A 
MULTI-CARRIER WIRELESS 

TELECOMMUNICATIONS NETWORK 

FIELD OF THE INVENTION 

The present invention relates to a method of encoding and 
transmitting feedback information in a multi-carrier wireless 
telecommunications network, a network node operable to 
carry out that method and a computer program product. 

BACKGROUND 

Single carrier wireless telecommunications systems are 
known. In those known systems, radio coverage is provided 
to user equipment, for example, mobile telephones, by 
geographical area. A base station is located in each geo 
graphical area to provide the required radio coverage. User 
equipment in the area served by a base station receives 
information and data from the base station and transmits 
information and data to the base station. In a high speed 
downlink packet access (HSDPA) telecommunications net 
work, data and information is sent between user equipment 
and a base station in data packets on a radio frequency 
carrier. 

Information and data transmitted by the base station to the 
user equipment occurs on radio frequency carriers known as 
downlink carriers. Information and data transmitted by user 
equipment to the base station occurs on radio frequency 
carriers known as uplink carriers. 

In known wireless telecommunication systems operating 
in single carrier mode, user equipment can move between 
geographical base station coverage areas. Service provided 
to user equipment is overseen by a radio network controller 
(RNC). The radio network controller communicates with 
user equipment and base stations and determines which base 
station each user equipment is primarily connected to. 
Furthermore, a radio network controller acts to control and 
communicate with a base station and user equipment when 
user equipment moves from the geographical area served by 
one base station to a geographical area served by another 
base station. 

It has been proposed to allow base stations and user 
equipment to each transmit simultaneously on more than one 
carrier. Furthermore it has been proposed to allow user 
equipment and base stations to receive simultaneously on 
more than one carrier frequency. Each carrier, both uplink 
and downlink, is typically independently power controlled 
and independently scheduled by a base station. Provision of 
more than one downlink carrier, for example, on four 
frequency carriers, allows for an increase in data throughput 
to the user equipment. Networks having more than two 
carriers may be referred to as “multi cell high speed down 
link packet access' (MC-HSDPA) networks. The term 
“multi-carrier network used herein is envisaged to cover 
the case where two, three, four, or more downlink (or uplink) 
carriers are provided for in a network. 

Provision of multi-carrier functionality may have associ 
ated problems. Accordingly, it is desired to improve the 
operation of a wireless telecommunications network having 
multi-carrier functionality. 

SUMMARY 

Accordingly, a first aspect provides a method of encoding 
and transmitting feedback information from a first network 
node to a second network node in a multi-carrier wireless 
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2 
telecommunications network, the first network node being 
operable to: receive signals from the second network node 
on two or more reception carriers, each reception carrier 
being transmitted within as associated radio band, and 
transmit data to the second network node on one or more 
transmission carriers, the method comprising the steps of 
(i) monitoring for a signal on at least two of the reception 

carriers; 
(ii) generating feedback information for at least two of said 

reception carriers based upon received signals; 
(iii) grouping the feedback information for reception carriers 

being transmitted within the same radio band; and encod 
ing the grouped feedback information for two or more 
reception carriers being transmitted within the same radio 
band; and 

(iv) transmitting the encoded feedback information to the 
second network node on one or more transmission carri 
CS. 

It will be appreciated that in a multiple downlink carrier 
wireless telecommunications network feedback is likely to 
be required for each downlink carrier provided. Such feed 
back may, for example, comprise: acknowledgement feed 
back for an implemented acknowledgement protocol, chan 
nel quality indicators (CQI), and pre-coding control 
indicators (PCI) used to indicate suitable transmission 
parameters for the data transmissions on each downlink 
carriers. It will be understood that such feedback can help to 
ensure that the network operates efficiently. For example, the 
feedback associated with utilizing a data transmission 
regime in which an acknowledgement protocol is operating 
enables erroneously-decoded data packets, or transport 
blocks of data, to be retransmitted, and enables transmission 
of redundant data packets, or transport blocks of data, to be 
minimized. Feedback information in Such a protocol (in the 
form of an ACK or NACK) can inform the network of 
whether a data packet is successfully received and, if an 
acknowledgement of Successful receipt is fed back and 
received, there is no need to re-send that data packet. 
Conversely, if a negative acknowledgement is fed back and 
received, a data packet can be re-sent. Protocols of the 
HARO (Hybrid Automatic Repeat Request) types are 
examples of Such an acknowledgement protocol. 

In a HSDPA system operating in single carrier mode, 
necessary feedback information relating to downlink carri 
ers is signaled in an uplink carrier. The feedback information 
is signaled on a known format of an uplink signaling channel 
known as the High-Speed Dedicated Physical Control Chan 
nel (HS-DPCCH). 
HS-DPCCH formats may use a spreading factor 256 

channelization code. Such a format allows 10 bits per 0.666 
ms timeslot. Those HS-DPCCH formats may allow an 
uplink HS-DPCCH channel on an uplink carrier to carry 
feedback for up to 2 downlink carriers by multiplexing the 
relevant control information for the two carriers into the 
available bits of the SF256 code. 

For HSDPA systems capable of operating in a multi 
carrier mode, more than two downlink carriers may be 
provided. It will be appreciated that in multi-carrier HSDPA 
networks, the number of downlink carriers may not match 
the number of uplink carriers, or the number of uplink 
HS-DPCCH channels. Furthermore, the number of down 
link carriers provided may not be exactly double the number 
of uplink carriers or uplink HS-DPCCH channels provided. 

Each uplink, or transmission, carrier may comprise one or 
more data channels on which feedback may be transmitted. 
Feedback information according to the first aspect may be 
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transmitted to said second network node on one or mare 
transmission channels of one or more transmission carriers. 

The first aspect recognizes that techniques for providing 
carrier feedback in a multi-carrier network may suffer dis 
advantages. 

For example, possibilities to carry feedback in a 4 down 
link carrier system include use of a SF 128 code channel. 
Such a SF 128 channelization code channel provides 20 bits 
per timeslot and therefore may allow for the mapping of all 
required feedback information into a single HS-DPCCH 
channel of a single uplink carrier. Such an arrangement 
Suffers the disadvantage of requiring new multiplexing and 
coding formats. As a result, implementation using existing 
system architecture and processes may be complex. 
An alternative possibility is the use of multiple SF256 

code channels. According to such a scheme, a rule is 
required to determine how to map feedback corresponding 
to each downlink carrier onto HS-DPCCHs provided by one 
or more uplink carrier. Furthermore, in view of the disad 
vantages associated with using a single SF128 code channel, 
the use of multiple SF256 code channels may be preferred 
when more than two downlink carriers are provided. 

The first aspect recognizes that a rule implementing use of 
SF256 spreading code channels for a multi-carrier system 
may advantageously take into account that different down 
link carriers may be activated and deactivated dynamically. 

In a multi-carrier system there may be provided N down 
link carriers. Those downlink carriers may be denoted by: 
C(1), C(2) ... C(n) ... to C(N). In such a system there may 
also be provided and a set of HS-DPCCHs. Those dedicated 
data channels may be provided on a single uplink carrier, or 
may be provided on one or more uplink carriers. Each 
available HS-DPCCH is denoted by: H(1), H(2) . . . 
H(m) . . . H(M) (where M may be equal to N/2 since each 
HS-DPCCH may carry feedback for 2 downlink carriers). 

If M=N72, one possibility regarding a mapping rule for 
implementing use of a SF256 spreading code is to map 
feedback for downlink carrier C(n) to HS-DPCCH H((n/2)) 
where (n/2) here denotes rounding up to the nearest integer 
(the "ceiling function). 

However, that mapping rule may result in the use of more 
HS-DPCCH codes than are strictly necessary. For example: 
if N=4 and C(2) and C(3) are deactivated, then according to 
such a rule, two HS-DPCCHs will be required. A more 
efficient rule may take account of carrier activation. Use of 
more HS-DPCCHs than required has the disadvantage of 
increasing the cubic metric (CM) of the transmitted signal 
and therefore implementation costs. Such a rule also fails to 
take into account that the different carriers may be in 
different frequency bands with possibly different coverage 
areas, and experiencing different radio condition. 
The first aspect recognizes that it may be beneficial to map 

feedback corresponding to downlink carriers in a single 
band to the same HS-DPCCH. For example, if C(1) and C(3) 
are in one band, while C(2) and C(4) are in another band, the 
first aspect recognizes that it may be better to map the 
feedback for C(1) and C(3) to H(1) and the feedback for 
C(2) and C(4) to H(2). 

According to the first aspect, mapping of carrier feedback 
to HS-DPCCHs first groups feedback corresponding to 
carriers in the same band. In some embodiments that group 
ing may be a pairing. Pairing may be particularly advanta 
geous when utilizing a SF256 spreading code. 

In one embodiment, N=6 and carriers C(1), C(2), C(3) and 
C(6) are activated and C(4) and C(5) are deactivated, where 
C(1) and C(3) are in the same band. In this embodiment, a 
grouping and feedback reporting system according to the 
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4 
first aspect may act to map C(1) and C(3) to H(1), C(2) to 
H(2) and C(6) to H(3). It will be appreciated that, according 
to the first aspect, the radio band within which a downlink 
carrier is being transmitted is determinative. Accordingly, 
C(4) would also be mapped to H(2) and C(5) to H(3) but 
since they are not activated, no feedback is transmitted. 

In one embodiment, step (i) comprises the steps of receiv 
ing an indication of activated reception carriers and moni 
toring for a signal on at least one of those activated reception 
carriers. 

In one embodiment, a mapping rule further takes into 
account the activated carriers. Thus feedback is first grouped 
or paired according to those downlink carriers being trans 
mitted within the same radio band, and then grouped or 
paired according to which carriers are currently activated. In 
one embodiment, N=6 and carriers C(1), C(2), C(3) and C(6) 
are activated, where C(1) and C(3) are in the same band. 
This embodiment maps C(1) and C(3) to H(1), and C(2) and 
C(6) to H(2). 

In one embodiment, step (iii) comprises grouping said 
feedback information for activated reception carriers being 
transmitted within the same radio band; and encoding said 
grouped feedback information for two or more activated 
reception carriers being transmitted within the same radio 
band. 

It will be appreciated that a signal may not be received in 
respect of a reception carrier and that feedback information 
generated in respect of Such a reception carrier may reflect 
that no signal has been received. 

In one embodiment, step (ii) is carried out only for those 
reception carriers on which a signal is received. 

In one embodiment, the first network node comprises user 
equipment and the second network node comprises a base 
station. 
A second aspect provides a computer program product 

operable, when executed on a computer, to perform the 
method steps described in relation to the first aspect. 
A third aspect provides a network node adapted to encode 

and transmit feedback information to a second network node 
in a multi-carrier wireless telecommunications network, the 
network node being operable to: 
receive signals from the second network node on two or 
more reception carriers, each reception carrier being trans 
mitted within an associated radio band, and 
transmit data to the second network node on one or more 
transmission carriers, the network node comprising: 
(i) monitoring logic operable to monitor for a signal on at 

least two of the reception carriers: 
(ii) feedback information generation logic operable to gen 

erate feedback information for at least two of said recep 
tion carriers based upon received signals; 

(iii) encoding logic operable to group said feedback infor 
mation for reception carriers being transmitted within the 
same radio band; and encode the grouped feedback infor 
mation for two or more reception carriers being transmit 
ted within the same radio band; and 

(iv) transmission logic operable to transmit the encoded 
feedback information to the second network node on one 
or more of the transmission carriers. 
In one embodiment, the monitoring logic is operable to 

receive an indication of activated reception carriers and 
monitor for a signal on at least one of those activated 
reception carriers. 

In one embodiment, the encoding logic is operable to 
group the feedback information for activated reception car 
riers having the same band; and encode the grouped feed 
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back information for two or more activated reception car 
riers being transmitted within the same radio band. 

In one embodiment, the feedback information generation 
logic is operable to generate feedback information for those 
reception carriers on which a signal was received. 

In one embodiment, the network node comprises user 
equipment. 

In one embodiment, the network node comprises a base 
station. 
A further aspect provides a method for associating a 

plurality of feedback signaling instances to a plurality of 
feedback channels, wherein each feedback channel can be 
associated with at least two feedback signaling instances, 
wherein the feedback signaling instances associated with 
one feedback channel are first selected such that the feed 
back signaling instances correspond to radio signals 
received in the same band. 

In one embodiment, the feedback signaling instances 
associated with one feedback channel are secondly selected 
according to the activation status of the corresponding radio 
signals. 
A still further aspect provides a method of transmitting 

feedback information from a first network node to a second 
network node in a multi-carrier wireless telecommunica 
tions network, said first network node being operable to: 
receive signals from said second network node on three or 
more reception carriers, each reception carrier being trans 
mitted within an associated radio band, and 
transmit data to said second network node on two or more 
transmission channels, said method comprising the steps of: 
(i) monitoring for a signal on each of said reception carriers; 
(ii) generating feedback information for each reception 

carrier based upon received signals; 
(iii) grouping said feedback information for at least two 

reception carriers being transmitted within the same radio 
band; and 

(iv) transmitting said grouped feedback information to said 
second network node on one transmission channel. 
In one embodiment, the method further comprises the step 

of transmitting feedback information for at least one recep 
tion carrier being transmitted within a different band on a 
different transmission channel. 

In one embodiment, wherein step (i) further comprises the 
steps of receiving an indication of activated reception car 
riers and monitoring for a signal on each of those activated 
reception carriers. 

In one embodiment, step (iii) comprises grouping the 
feedback information for activated reception carriers being 
transmitted within the same radio band. 

In one embodiment, the further method further comprises 
the steps of: 
after grouping said feedback information for any reception 
carriers being transmitted within the same radio band, 
grouping further feedback information for at least two 
reception carriers being transmitted within different bands; 
and 
transmitting said grouped further feedback information to 
the second network node on one transmission channel. 

In one embodiment, step (ii) is carried out only for those 
reception carriers on which a signal was received. 

In one embodiment, the first network node comprises user 
equipment and the second network node comprises a base 
station. 
A further aspect provides a network node operable to 

perform the method of the further aspects set out above. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
A still further aspect provides a computer program prod 

uct operable, when executed on a computer, to perform the 
method of the further aspects set out above. 

Further particular and preferred aspects of the present 
invention 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 appro 
priate and in combinations other than those explicitly set out 
in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will now be 
described further, with reference to the drawings in which: 

FIG. 1 illustrates the main components of a telecommu 
nications network according to one embodiment. 

FIG. 2 illustrates a method 100 of operating a telecom 
munications system. In step 110, a first network node 
receives signals from a second network node on at least two 
network reception carriers, the carriers being transmitted 
within an associated radio band. The process of transmitting 
data from the first network node to the second network node 
120 is also shown. In step 122, the first network node 
monitors at least two reception carriers for a signal. In step 
124 the first network node generates feedback information 
for two or more reception carriers based on received signals. 
In step 126, the first network node groups feedback infor 
mation for reception carriers being transmitted within the 
same radio band and encodes the grouped feedback infor 
mation for at least two reception carriers being transmitted 
within the same radio band. In step 128, the first network 
node transmits the encoded feedback information to the 
second network node on one or more transmission carriers. 

DESCRIPTION OF THE EMBODIMENTS 

FIG. 1 illustrates a wireless telecommunications system 
10 according to one embodiment. User equipment 50 roam 
through the wireless telecommunications system. Base sta 
tions 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 radio links. Each base station typi 
cally Supports a number of sectors within the geographical 
area of service 30. 

Typically a different antenna within a base station Sup 
ports each associated sector. Accordingly, each base station 
20 has multiple antennas and signals sent through the 
different antennas are electronically weighted to provide a 
sectorised approach. Of course, it will be appreciated that 
FIG. 1 illustrates a small subset of the total number of user 
equipment and base stations that may be present in a typical 
communications system. 
The radio access network of the wireless communications 

system is managed by a radio network controller (RNC) 40. 
The radio network controller 40 controls operation of the 
wireless communications system by communicating with a 
plurality of base stations over a backhaul communications 
link 60. The network controller also communicates with user 
equipment 50 via each base station. 

In HSDPA multi-carrier mode, each sector served by a 
base station can have several carrier frequencies or “carri 
ers' associated therewith. A carrier or cell supported by a 
carrier covers the same geographical region as a sector. Each 
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cell is served by a different carrier frequency. It will there 
fore be understood that in a single carrier system, a cell is 
equivalent to a sector since a sector has only one cell or 
carrier frequency. Nonetheless, in a multi-carrier network 
each sector may comprise several cells each cell being 
served simultaneously by a different carrier frequency. 
A radio network controller 60 maintains a neighbour list 

which includes information about geographical relationships 
between sectors supported by base stations 20. In addition, 
the radio network controller 60 maintains location informa 
tion which provides information on the location of user 
equipment 50 within the wireless communication system 10. 
The radio network controller is operable to route traffic via 
circuit Switched and packet Switched networks. Hence, a 
mobile switching centre is provided with which the radio 
network controller may communicate. The mobile Switching 
centre can communicate with a circuit Switched network 
such as a public switched telephone network (PSTN) 70. 
Similarly, a network controller can communicate with ser 
Vice general package radio service Support nodes (SGSNS) 
and a gateway general packet Support node (GGSN). The 
GGSN can communicate with a packet switched core such 
as for example, the Internet. 

User equipment 50 typically transmits information and 
data to a base station 20 so that it can be re-routed within a 
wireless telecommunications network. User equipment may, 
for example, need to transmit data to the base station in order 
to relay text messages, voice information when a user is 
using the equipment to make a telephone call, or other data. 
The base station 20, in combination with parameters set by 
the radio network controller 40, allocates resources to user 
equipment in a manner that aims to optimise operation of the 
wireless telecommunications network 10. 
A radio link is a connection between user equipment 50 

and a cell of a base station. Dedicated radio links are formed 
when user equipment is in a “cell-DCH state. When user 
equipment is not transmitting information such as text 
messages or voice information to a base station it is in a 
so-called "idle' state. When user equipment has information 
to transmit to a base station it chooses a connected State 
within which to operate. When in a “cell-DCH state user 
equipment is able to use high speed uplink and/or downlink 
packet access radio resources to achieve a high uplink and/or 
downlink throughput. 

In a multi-carrier system, each carrier will have indepen 
dent downlink radio links from a base station to user 
equipment. Those downlink radio links are managed inde 
pendently since each carrier will likely have different radio 
propagation paths to user equipment. 

In a wireless telecommunications network operating with 
multiple downlink carriers, feedback is likely to be required 
for each downlink carrier provided. Such feedback may, for 
example, comprise: acknowledgement feedback for an 
implemented acknowledgement protocol, channel quality 
indicators (CQI), and pre-coding control indicators (PCI) 
used to indicate Suitable transmission parameters for the data 
transmissions on each downlink carriers. It will be under 
stood that such feedback can help to ensure that the network 
operates efficiently. For example, the feedback associated 
with utilizing a data transmission regime in which an 
acknowledgement protocol is operating enables transmis 
sion of redundant data packets, or transport blocks of data to 
be minimized. Feedback information in such a protocol (in 
the form of an ACK or NACK) can inform the network of 
whether a data packet is successfully received and, if an 
acknowledgement of Successful receipt is fed back and 
received, there is no need to re-send that data packet. 
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8 
Protocols of the HARQ (Hybrid Automatic Repeat Request) 
types are examples of Such an acknowledgement protocol. 

In a system operating with only a single carrier, necessary 
feedback information relating to downlink carriers is sig 
naled in an uplink carrier. The feedback information is 
signaled on a known format of an uplink signaling channel 
known as the High-Speed Dedicated Physical Control Chan 
nel (HS-DPCCH). 
HS-DPCCH formats may use a spreading factor 256 

channelization code. Such a format allows 10 bits per 0.666 
ms timeslot. Those HS-DPCCH formats may allow an 
uplink carrier to carry feedback for up to 2 downlink carriers 
by multiplexing the relevant control information for the two 
carriers into the available bits of the SF256 code. 

For HSDPA systems capable of operating in multi-carrier 
mode, more than two downlink carriers may be provided. It 
will be appreciated that in a multi-carrier network, the 
number of downlink carriers may not match the number of 
uplink carriers. Furthermore, the number of downlink car 
riers provided may not be exactly double the number of 
uplink carriers provided. 

According to one embodiment, a feedback rule imple 
menting use of a SF256 spreading code for a multi-carrier 
system may advantageously take into account that different 
downlink carriers may be experiencing different radio con 
dition and that different downlink carriers may be activated 
and deactivated dynamically. 

In a multi-carrier system there may be provided N down 
link carriers. Those downlink carriers may be denoted by: 
C(1), C(2) ... C(n) ... to C(N). In such a system there may 
also be provided and a set of HS-DPCCHs. Those dedicated 
data channels may be provided on a single uplink carrier, or 
may be provided on one or more uplink carriers. Each 
available HS-DPCCH is denoted by: H(1), H(2) . . . 
H(m) . . . H(M) (where M may be equal to N/2 since each 
HS-DPCCH may carry feedback for 2 downlink carriers). 

For systems where M is chosen to equal to N/2, one 
possibility regarding a mapping rule for implementing use of 
a SF256 spreading code is to map feedback for downlink 
carrier C(n) to HS-DPCCH H((n/2)) where (n/2) denotes 
rounding up to the nearest integer (the "ceiling function). 

However, that mapping rule may result in the use of more 
HS-DPCCH codes than are strictly necessary. For example: 
if N=4 and C(2) and C(3) are deactivated, then according to 
such a rule, two HS-DPCCHs will be required. A more 
efficient rule may take account of carrier activation. Use of 
more HS-DPCCHs than required has the disadvantage of 
increasing the cubic metric (CM) of the transmitted signal 
and therefore implementation costs. Such a rule also fails to 
take into account that the different carriers may be in 
different frequency bands with possibly different coverage 
areas, and experiencing different radio condition. 

In one embodiment it is recognized that it may be ben 
eficial to map feedback corresponding to downlink carriers 
in a single band to the same HS-DPCCH. For example, if 
C(1) and C(3) are in one band, while C(2) and C(4) are in 
another band, the first aspect recognizes that it may be better 
to map the feedback for C(1) and C(3) to H(1) and the 
feedback for C(2) and C(4) to H(2). 

According to one embodiment, mapping of carrier feed 
back to HS-DPCCHs first groups feedback corresponding to 
carriers in the same band. In some embodiments that group 
ing may be a pairing. Pairing may be particularly advanta 
geous when utilizing a SF256 spreading code. 

In one embodiment, N=6 and carriers C(1), C(2), C(3) and 
C(6) are activated and C(4) and C(5) are deactivated, where 
C(1) and C(3) are in the same band. In this embodiment, a 



US 9,525,511 B2 

grouping and feedback reporting system according to the 
first aspect may act to map C(1) and C(3) to H(1), C(2) to 
H(2) and C(6) to H(3). It will be appreciated that, according 
to the first aspect, the radio band within which a downlink 
carrier is being transmitted is determinative. Accordingly, 
C(4) would also be mapped to H(2) and C(5) to H(3) but 
since they are not activated, no feedback is transmitted. 

In one embodiment, a mapping rule further takes into 
account the activated carriers. Thus feedback is first grouped 
or paired according to those downlink carriers being trans 
mitted within the same radio band, and then grouped or 
paired according to which carriers are currently activated. In 
one embodiment, N=6 and carriers C(1), C(2), C(3) and C(6) 
are activated, where C(1) and C(3) are in the same band. 
This embodiment maps C(1) and C(3) to H(1), and C(2) and 
C(6) to H(2). 
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 labeled as “proces 
sors” or “logic', may be provided through the use of 
dedicated hardware as well as hardware capable of execut 
ing Software in association with appropriate Software. When 
provided by a processor, the functions may be provided by 
a single dedicated processor, 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 soft 
ware, 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 dedi 
cated 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 illus 
trative 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 prin 

ciples 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, 
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10 
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 inven 
tion, as well as specific examples thereof, are intended to 
encompass equivalents thereof. 

The invention claimed is: 
1. A method of encoding and transmitting feedback infor 

mation from a first network node to a second network node 
in a multi-carrier wireless telecommunications network, the 
first network node being configured to: 

receive signals from the second network node on two or 
more reception carriers, each reception carrier being 
transmitted within an associated radio band; and 

transmit data to the second network node on one or more 
transmission carriers, the transmission comprising: 
monitoring for a signal on at least two of the reception 

carriers, 
wherein the monitoring comprises receiving an indi 

cation of activated reception carriers and monitor 
ing for a signal on at least one of those activated 
reception carriers; 

generating feedback information for at least two recep 
tion carriers based upon received signals, 
wherein the generating is carried out only for those 

reception carriers on which a signal was received; 
grouping the feedback information for reception carri 

ers being transmitted within the same radio band and 
encoding the grouped feedback information for two 
or more reception carriers being transmitted within 
the same radio band, and 

transmitting the encoded feedback information to the 
second network node on one or more transmission 
carriers. 

2. A method according to claim 1, wherein the grouping 
comprises grouping the feedback information for activated 
reception carriers being transmitted within the same radio 
band and encoding the grouped feedback information for 
two or more activated reception carriers being transmitted 
within the same radio band. 

3. A method according to claim 1, wherein the first 
network node comprises user equipment and the second 
network node comprises a base station. 

4. A method according to claim 1, wherein downlink 
reception carriers may be activated and deactivated dynami 
cally and no feedback is transmitted for deactivated recep 
tion carriers. 

5. A method of encoding and transmitting feedback infor 
mation from a first network node to a second network node 
in a multi-carrier wireless telecommunications network, 
implemented by a programmable device comprising a non 
transitory computer-readable storage medium in which a 
program is saved, the program comprising instructions 
which, when executed, prompt the first network node to: 

receive signals from the second network node on two or 
more reception carriers, each reception carrier being 
transmitted within an associated radio band; and 

transmit data to the second network node on one or more 
transmission carriers, the transmitting comprising: 
monitoring for a signal on at least two of the reception 

carriers, 
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wherein the monitoring comprises receiving an indi 
cation of activated reception carriers and monitor 
ing for a signal on at least one of those activated 
reception carriers; 

generating feedback information for at least two recep 
tion carriers based upon received signals, 
wherein the generating is carried out only for those 

reception carriers on which a signal was received; 
grouping the feedback information for reception carri 

ers being transmitted within the same radio band and 
encoding the grouped feedback information for two 
or more reception carriers being transmitted within 
the same radio band; and 
transmitting the encoded feedback information to the 

second network node on one or more transmission 
carriers. 

6. A method according to claim 5, wherein downlink 
reception carriers may be activated and deactivated dynami 
cally and no feedback is transmitted for deactivated recep 
tion carriers. 

7. A first network node configured to encode and transmit 
feedback information to a second network node in a multi 
carrier wireless telecommunications network, the first net 
work node being configured to: 

receive signals from the second network node on two or 
more reception carriers, each reception carrier being 
transmitted within an associated radio band; and 

transmit data to the second network node on one or more 
transmission carriers, the first network node compris 
ing: 
monitoring logic configured to monitor for a signal on 

at least two of the reception carriers, 
wherein the monitoring logic is configured to receive 

an indication of activated reception carriers and 
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monitor for a signal on at least one of those 
activated reception carriers: 

feedback information generation logic configured to 
generate feedback information for at least two of the 
reception carriers based upon received signals; 
wherein the feedback information generation logic is 

configured to generate feedback information only 
for those reception carriers on which a signal was 
received; 

encoding logic configured to group the feedback infor 
mation for reception carriers being transmitted 
within the same radio band and encode the grouped 
feedback information for two or more reception 
carriers being transmitted within the same radio 
band; and 

transmission logic configured to transmit the encoded 
feedback information to the second network node on 
one or more of the transmission carriers. 

8. A first network node according to claim 7, wherein the 
encoding logic is configured to group the feedback infor 
mation for activated reception carriers being transmitted 
within the same radio band and encode the grouped feed 
back information for two or more activated reception car 
riers being transmitted within the same radio band. 

9. A first network node according to claim 7, wherein the 
first network node comprises user equipment. 

10. A first network node according to claim 7, wherein the 
first network node comprises a base station. 

11. A first network node according to claim 7, wherein 
downlink reception carriers may be activated and deacti 
Vated dynamically and no feedback is transmitted for deac 
tivated reception carriers. 


