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Methods and devices for data transmission via a plurality of carriers 

5 
Technical Field 

The present invention relates to methods for data transmission via a plurality of carriers. 

10 Background 

In mobile communication networks, e.g., according to the technical specifications (TSs) of 
the Third Generation Partnership Project (3GPP), concepts have been introduced according 
to which several carriers operated in different frequency channels can be bundled in a single 

15 radio link. These concepts are also referred to as carrier aggregation. 

For example, in 3GPP Long Term Evolution (LTE) Release 10, in the following also referred 
to as LTE Rel-10, carrier aggregation implies aggregation of multiple component carriers of 
narrower bandwidth. Each backward compatible component carrier would then, to an LTE 

20 terminal, appear as and provide all the capabilities of an LTE carrier. At the same time, an 
LTE Rel-10 terminal would be able to access the entire aggregation of multiple carriers, thus 
experiencing an overall wider bandwidth with corresponding possibilities for higher data 
rates. Note that carrier aggregation may be useful also for a total bandwidth below 20 MHz, 
e.g., for a pair of 5MHz carriers. Sometimes component carriers are also referred to as cells, 

25 more specifically as primary cell (Pcell) and secondary cells (Scell). 

The aggregated component carriers may be adjacent to each other. However, in more 
general terms the carrier aggregation may also allow for non-adjacent component carriers, 
including carriers in different frequency bands, or both adjacent and non-adjacent component 

30 carriers. Thus, the introduction of carrier aggregation as part of LTE Rel-10 allows for 
spectrum aggregation, i.e., the simultaneous usage of different non-contiguous spectrum 
fragments for communication in a downlink (DL) direction to a single mobile terminal or in an 
uplink (UL) direction from a single mobile terminal. 

35 In 3GPP LTE Release 8, in the following also referred to as LTE Rel-8, a radio base station 
referred to as evolved Node B (eNB) and the mobile terminal use control elements (CEs) of a 
Medium Access Control (MAC) protocol to exchange control information such as buffer 
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status reports, power headroom reports and others. A list of MAC CEs is provided in section 
6.1.3 of 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA), Medium 
Access Control (MAC) protocol specification", which is incorporated herein by reference. 
However, these known ways of exchanging information do not address the carrier 

5 aggregation scenario of LTE Rel-10, in which information exchange with respect to a plurality 
of different carriers may be necessary. 

Accordingly, there is a need for techniques which allow for efficiently conveying control 
information between nodes which are transmitting data via a plurality of carriers. 

10 

Summary 

According to an embodiment of the invention, a method of data transmission via a plurality of 
carriers is provided. The method may be implemented in a transmitting communication 

15 device. According to the method, determining a control element associated with one of the 
carriers is determined. The control element is provided with an identifier specifying the carrier 
the control element is associated with. The control element with the identifier is sent on one 
of the carriers. 

20 According to a further embodiment of the invention, a method of data transmission via a 
plurality of carriers is provided. The method may be implemented in a receiving 
communication device. According to the method, a control element is received from one of 
the carriers. From an identifier received with the control element it is determined which one of 
the carriers the control element is associated with. On the basis of parameters indicated by 

25 the control element, a data transmission property of the carrier the control element is 
associated with is determined. 

According to a further embodiment of the invention, a communication device for data 
transmission via a plurality of carriers is provided. The communication device may be a radio 

30 base station or a mobile terminal. The communication device is provided with a processing 
system and a transmitter. The processing system is configured to determine a control 
element associated with one of the carriers and to provide the control element with an 
identifier specifying the carrier the control element is associated with. The transmitter is 
configured to send the control element with the identifier on one of the carriers. 

35 
According to a further embodiment of the invention, a communication device for data 
transmission via a plurality of carriers is provided. The communication device may be a radio 
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base station or a mobile terminal. The communication device is provided with a receiver and 
a processing system. The receiver is configured to receive a control element from at least 
one of the carriers. The processing system is configured to determine, from an identifier 
received with the control element, which one of the carriers the control element is associated 

5 with. Further, the processing system is configured to determine, on the basis of parameters 
indicated by the control element, a data transmission property of the carrier the control 
element is associated with. 

According to a further embodiment of the invention, a communication system is provided. 
10 The communication system includes a transmitting communication device and a receiving 

communication device. The transmitting communication device is configured to determine a 
control element associated with one of the carriers and to provide the control element with an 
identifier specifying the carrier the control element is associated with. Further, the 
transmitting communication device is configured to send the control element with the 

15 identifier on one of the carriers. The receiving communication device is configured to receive 
the control element and to determine, from the identifier received with the control element, 
the carrier the control element is associated with. Further, the receiving communication 
device is configured to determine, on the basis of parameters indicated by the control 
element, a data transmission property of the carrier the control element is associated with. 

20 
According to further embodiments, other methods, devices, or computer program products 
including program code to be executed by a processor for implementing the methods may be 
provided. 

25 Brief Description of the Drawings 

Fig. 1 schematically illustrates a mobile communication network environment in which 
concepts of data transmission using carrier aggregation according to an embodiment of the 
invention are applied. 

30 
Fig. 2 schematically illustrates processing of data flows in a communication device using 
carrier aggregation. 

Fig. 3 schematically illustrates a communication system for implementing concepts according 
35 to an embodiment of the invention. 

Fig. 4 schematically illustrates the structure of a known control element. 
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Fig. 5 schematically illustrates the structure of a control element according to an embodiment 
of the invention. 

5 Fig. 6 schematically illustrates the structure of a control element according to a further 
embodiment of the invention. 

Fig. 7 schematically illustrates the structure of a control element according to a further 
embodiment of the invention. 

10 

Fig. 8 schematically illustrates the structures of control elements according to a further 
embodiment of the invention. 

Fig. 9 shows a flowchart for schematically illustrating a process of generating control 
15 elements according to an embodiment of the invention. 

Fig. 10 schematically illustrates a communication device according to an embodiment of the 
invention. 

20 Fig. 11 shows a flowchart for illustrating a method of data transmission according to an 
embodiment of the invention. 

Fig. 12 shows a flowchart for illustrating a method of data transmission according to a further 
embodiment of the invention. 

25 
Detailed Description of Embodiments 

In the following, the invention will be explained in more detail by referring to exemplary 
embodiments and to the accompanying drawings. The illustrated embodiments relate to 

30 concepts for controlling carrier aggregation in radio communication between mobile terminals 
and an access node. In the illustrated examples, it will be assumed that the radio 
communication is implemented according to 3GPP LTE. However, it is to be understood that 
the illustrated concepts may also be applied in other types of mobile communication 
networks. 

35 
Fig. 1 schematically illustrates a mobile communication network environment, i.e., 
infrastructure of a mobile communication network, represented by radio base station 100 and 
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a mobile terminal 10 to be used in the mobile communication network. The mobile terminal 
10 may be, e.g., a mobile phone, portable computer, or other type of user equipment (UE). In 
the following, the mobile terminal 10 will also be referred to as UE. As illustrated, the mobile 
terminal 10 communicates with the access node 100 via a radio link 20. In accordance with 

5 the illustrated 3GPP LTE scenario, the radio base station 100 may be an eNB and the radio 
link 20 may be established using the Uu radio interface. The radio link 20 may carry data 
traffic in the DL direction from the radio base station 100 to the UE 10 and/or in the UL 
direction from the UE 10 to the radio base station 100. 

10 In accordance with the concepts as described herein, carrier aggregation may be used for 
the radio communication between the mobile terminals 10 and the radio base station 100. 
That is to say, a constellation of multiple component carriers may be used for transmitting 
radio signals on the radio link 20 between the UE 10 and the radio base station 100. In Fig. 
1, different exemplary constellations 30, 40 are illustrated. The constellation 30 is illustrated 

15 as including adjacent component carriers 32. For example, the component carriers 32 may 
correspond to LTE Rel-8 carriers each having a bandwidth of 20 MHz. Since in the illustrated 
example the number of the component carriers 32 in the constellation 30 is five, carrier 
aggregation can be used to extend the overall transmission bandwidth to a wider total 
bandwidth of 100 MHz. The constellation 40 is illustrated as including non-adjacent 

20 component carriers 42. For example, the component carriers 42 may correspond to LTE Rel-
8 carriers each having a bandwidth of 20 MHz. Since in the illustrated example, the number 
of the component carriers 42 in the constellation 40 is two, carrier aggregation can be used 
to extend the overall transmission bandwidth to a wider total bandwidth of 40 MHz. The 
constellation 40 is an example of using carrier aggregation as a tool for spectrum 

25 aggregation and efficient utilization of a fragmented spectrum. 

Fig. 2 illustrates a block diagram for illustrating an exemplary scenario of data processing in 
carrier aggregation according to LTE Rel-10. In Fig. 2, a constellation of three adjacent 
component carriers 32 is illustrated, which may each correspond to an LTE Rel-8 carrier and 

30 may be aggregated to an LTE Rel-10 carrier. It is to be understood that the constellation of 
component carriers 32 as illustrated in Fig. 2 is merely an example and that the data 
processing of Fig. 2 may be applied in a corresponding manner to any other constellation of 
component carriers. 

35 In carrier aggregation according to LTE Rel-10, the data streams related to the different 
component carriers 32 are aggregated above the HARQ (Hybrid Automatic Repeat Request) 
functionality as shown in Fig. 2. This implies that HARQ retransmissions are performed 
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independently per component carrier 32. Transmission parameters such as modulation 
scheme and code rate as well as transmission mode can be selected per component carrier, 
e.g., using corresponding control signaling. Having a structure allowing for independent 
operation per component carrier is especially useful in case of aggregating component 

5 carriers from different frequency bands with different radio-channel quality. 

In the scenario of Fig. 2, multiple data flows 21, 22 to or from the same user and to be 
transmitted on aggregated component carriers 32 are processed. The processing is 
accomplished on different protocol layers, which are a Radio Link Control (RLC) layer 200, a 

10 MAC layer 210, and a physical (PHY) layer 220. In the RLC layer 200, a separate RLC entity 
201, 202 is provided for each of the data flows 21, 22. In the MAC layer 210, a multiplexer 
211 multiplexes the data flows to a number of separate data streams, each of which 
corresponds to one of the component carriers 32. Further, the MAC layer 210 provides a 
HARQ entity 215, 216, 217 for each of the data streams. In the PHY layer 220, a separate 

15 coder 221, 222, 223 is provided for each of the data streams. Further, in the UL direction the 
PHY layer 220 provides a separate DFT (Direct Fourier Transform) block 224, 225, 226 for 
each of the data streams. In the DL direction the DFT blocks 224, 225, 226 are omitted. 
Moreover, the PHY layer 220 provides a separate OFDM (Orthogonal Frequency Division 
Multiplexing) block 227, 228, 229 for each of the data streams. 

20 
The processing of Fig. 2 is in the UL direction based on DFT-spread OFDM. Corresponding 
processing entities would thus be implemented in the processing system of a UE, e.g., the 
UE 10 of Fig. 1. However, corresponding processing is also performed in the eNB, e.g., the 
radio base station 100 of Fig. 1, for DL transmission towards the UE. The illustrated entities 

25 with exception of the DFT blocks 224, 225, 226 would then be implemented in the processing 
system of the eNB. Transmission on each of the component carriers 32 in the DL direction is 
based on OFDM. 

In order to efficiently convey control information between nodes which are transmitting data 
30 via a plurality of carriers, e.g., between the UE 10 and the radio base station 100, concepts 

as described herein involve transmitting control elements, e.g., MAC CEs, which are 
provided with a carrier identifier. The carrier identifier specifies the carrier the control element 
is associated with. Typically, the control element includes information with respect to the 
carrier it is associated with. Such information may be any type of information transmitted in 

35 MAC CEs as described in 3GPP TS 36.321, e.g., a power headroom report (PHR). Further, 
the control element may also include information for controlling activation and/or deactivation 
of the associated carrier. In some embodiments, MAC CEs, e.g., as defined in 3GPP TS 
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36.321, are extended by a component carrier identifier (CCI) which allows for associating the 
contained information to a particular component carrier. 

In more general terms, in some embodiments a transmitter performs data transmission to a 
5 transceiver via a plurality of carriers in a communication system, e.g., in a mobile 

communication system. Here, it is to be understood that it is not necessary to always use all 
carriers for data transmission. Rather, multiple carriers can be configured, but data be 
transmitted on only some of the configured carriers, e.g., on one of the carriers. The 
transmitter determines a control element associated with a first of the carriers. The control 

10 element is sent on a second of the carriers with an identifier specifying the first carrier. 
Typically, the first and the second carrier are different. Optionally, the first and second carrier 
may be identical. The control elements may indicate parameters specifying transmission 
properties on the respective carriers. 

15 From an efficiency point of view it is preferable to multiplex MAC CEs on a single component 
carrier. This applies in particular if the amount of data being available for transmission can be 
sent on a subset of the available component carriers. So it is possible to configure a plurality 
of component carriers but use them only as required for the data to be transmitted. 

20 In some embodiments, MAC CEs that do not comprise information related to a particular 
component carrier do not need to carry a CCI. An example is UE buffer status information. In 
some embodiments, MAC CEs containing information that corresponds to a plurality but not 
all component carriers may comprise the CCIs of all these component carriers. 

25 Fig. 3 illustrates a communication system which includes a transmitting communication 
device 310 and a receiving communication device 320. For DL transmissions in the mobile 
communication network environment of Fig. 1, the transmitting communication device 310 
would be the radio base station 100, and the receiving communication device 320 would be 
the UE 10. For UL transmissions in the mobile communication network environment of Fig. 1, 

30 the transmitting communication device 310 would be the UE 10, and the receiving 
communication device 320 would be the radio base station 100. It is to be understood that 
the communication system of Fig. 3 may actually be configured for bidirectional 
communication, which means that the transmitting communication device 310 would also act 
as a receiving communication device and that the receiving communication device 320 would 

35 also act as a transmitting communication device. Further, at least one of the communication 
devices 310, 320 may also be a relay node. 
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In the following, it is assumed that data transmission between the transmitting 
communication device 310 and the receiving communication device is based on carrier 
aggregation, i.e., uses a constellation of multiple component carriers such as the 
constellation 30 of component carriers 32 or the constellation 40 of component carriers 42 as 

5 explained in connection with Figs. 1 and 2. For conveying control information from the 
transmitting communication device 310 to the receiving communication device 320, the 
transmitting communication device 310 may transmit one or more MAC CE to the receiving 
communication device 320. In accordance with the above concepts, the MAC CE is provided 
with one or more CCI to specify the component carrier 32, 42 the MAC CE is associated 

10 with. The CCI may be a bit field of the MAC CE. Typically, the MAC CE indicates parameters 
specifying transmission properties of the component carrier 32, 42 the MAC CE is associated 
with. For example, the parameters may be any type of parameters transmitted in MAC CEs 
as described in 3GPP TS 36.321, e.g., parameters of a PHR. Further, the parameters may 
also relate to an activation status of the associated component carrier 32, 42 and/or control 

15 activation and/or deactivation of the associated component carrier 32, 42 at the receiving 
communication device 320. In some scenarios, the MAC CE may be sent from the 
transmitting communication device 310 to the receiving communication device 320 on the 
same component carrier 32, 42 to which it is associated. In other scenarios, the component 
carrier 32, 42 on which the MAC CE is sent from the transmitting communication device 310 

20 to the receiving communication device 320 may be different from the component carrier 32, 
42 to which the MAC CE is associated. These different component carriers 32, 42 may be 
assigned to the same transmission direction or to opposite transmission directions. For 
example, in an exemplary scenario the communication system provides component carriers 
32, 42 for the UL direction which are different from component carriers provided for the DL 

25 direction, the transmitting communication device 310 corresponds to the radio base station 
100, and the receiving communication device 320 corresponds to the UE 10. In this scenario, 
the MAC CE could be sent on an DL component carrier 32, 42 from the radio base station 
100 to the UE 10 and include information with respect to a UL component carrier 32, 42 used 
for data transmission from UE 10 to the radio base station 100. In another exemplary 

30 scenario, the communication system provides component carriers 32, 42 for the UL direction 
which are different from component carriers provided for the DL direction, the transmitting 
communication device 310 corresponds to the UE 10, and the receiving communication 
device 320 corresponds to the radio base station 100. In this scenario, the MAC CE could be 
sent on an UL component carrier 32, 42 from the UE 10 to the radio base station 100 and 

35 include information with respect to a DL component carrier 32, 42 used for data transmission 
from the radio base station 100 to the UE 10. 
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As illustrated in Fig. 3, the transmitting communication device 310 includes a processing 
system 312 and a transmitter 314. The receiving communication device 320 includes a 
receiver 322, a processing system 324, and optionally also a controller 326. 

5 In the transmitting communication device 310, the processing system 312 is configured to 
determine the MAC CE, e.g., by obtaining information to be conveyed, such as a PHR. The 
information may be related to a particular component carrier. For example, the information 
may be a PHR for a particular component carrier 32, 42. The processing system is further 
configured to provide the MAC CE with the CCI to specify the component carrier 32, 42 to 

10 which the information to be conveyed with the MAC CE relates. The processing system 312 
then passes the MAC CE to the transmitter 314. The transmitter 314 is configured to send 
the MAC CE with the CCI to the receiving communication device 320. This may be 
accomplished on a component carrier 32, 42 which is different from the one specified by the 
CCI. 

15 

In the receiving communication device 320, the receiver 322 is configured to receive the 
MAC CE with the CCI as transmitted by the transmitting communication device 310. The 
processing system 324 is configured to determine the component carrier 32, 42 the MAC CE 
is associated with. This determination is accomplished on the basis of the CCI received with 

20 the MAC CE. Further, the processing system 324 is configured to determine a transmission 
property of the component carrier 32, 42 the MAC CE is associated with. This determination 
is accomplished on the basis of the parameters conveyed with the MAC CE, e.g., on the 
basis of a PHR. The optional controller 326 may be configured to control data transmission 
on the component carrier 32, 42 the MAC CE is associated with. This control may be based 

25 on the transmission property determined by the processing system 324. For example, a 
transmission power of the component carrier 32, 42 may be controlled. 

Accordingly, as outlined above, in concepts according to an embodiment of the invention, 
one or more CCIs may be comprised in MAC CEs that comprise information related to a 

30 particular component carrier. In the following, a detailed implementation of these concepts 
according to an embodiment of the invention is described based on the PHR. However, it is 
to be understood that the concepts not limited to any particular MAC CE type. Rather, they 
may be applied to any other MAC CE that has already been defined for LTE Rel-8 as well as 
to any CEs defined for later releases. 

35 
In 3GPP LTE, the power headroom reporting procedure is used to provide the serving eNB 
with information about the difference between the nominal UE maximum transmit power and 
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the estimated power for UL-SCH (UL Shared Channel) transmission. The power headroom 
report for LTE Rel-8 is defined in 3GPP TS 36.321, section 6.1.3.6. The format of a power 
headroom MAC CE 400 according to LTE Rel-8 is illustrated in Fig. 4. As illustrated, this 
format includes a single octet (OCTET 1) with two reserved bits R (BIT 0, BIT 1) and a PH 

5 field (BIT 2 - BIT 7) for the PHR. The reserved bits R may be set to 0. 

The concepts as described herein take into consideration that, in particular when the UE 
uses multiple power amplifiers for its UL transmission, the eNB requires a PHR per 
component carrier. This may be accomplished by using a format of a power headroom MAC 

10 CE 500 as illustrated in Fig. 5. According to this format, a bit field of the MAC CE 500 
includes an identifier, corresponding to the above-described CCI, specifying the component 
carrier the MAC CE 500 is associated with. More specifically, as compared to the format of 
Fig. 4, the MAC CE 500 is provided with an additional octet (OCTET 1) including a CCI field 
for the identifier. Further, the additional octet includes a number of reserved bits R (BIT 0 -

15 BIT 4). In the illustrated example, the CCI field has a length of three bits (BIT 5 - BIT 7). 
However, in other embodiments a different length of the CCI field may be used, e.g., a length 
of one bit, two bits, or more than three bits. The other octet (OCTET 2) is similar to the format 
of the MAC CE 400 of Fig. 4, i.e., includes two reserved bits R (BIT 0, BIT 1) and a PH field 
(BIT 2- BIT 7) for the PHR. 

20 
Using the format of the power headroom MAC CE 500 as illustrated in Fig. 5, the UE may 
send the power headroom MAC CE on any UL component carrier, which may be different 
from the component carrier to which the transmitted PHR relates. Further, according to an 
embodiment, instead of sending a power headroom MAC CE on each UL component carrier, 

25 the UE may include multiple PHRs into a single UL MAC PDU (Protocol Data Unit) and 
associate an identifier with each MAC CE 500. 

The relation of the identifiers to the component carriers is specified between eNB and UE, 
e.g., when a radio resource connection is set up or when a new component carrier is being 

30 set up, so that the CCI bit values can be associated with the respective component carrier. 
When generating the MAC PDU, the UE adds a MAC sub-header for each MAC CE in the 
beginning of the data block according to 3GPP TS 36.321, section 6.1.2. 

When a MAC PDU comprises multiple PHRs for different component carriers it is possible to 
35 associate each of them with a separate MAC sub-header. In some embodiments, in order to 

reduce overhead it may be more efficient though to generate only one MAC CE with multiple 
PH and CCI fields as shown in Fig. 6. In a format of a MAC CE 600 as illustrated in Fig. 6, 
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the MAC CE 600 comprises additional octets (OCTET 3, OCTET 4) for conveying an 
additional PHR. A separate CCI field (in OCTET 3, BIT 5 - BIT 7) is provided for the 
additional PHR. For each PHR, an E-bit is provided (OCTET 1, BIT 0, OCTET 3, BIT 0). The 
E-bit indicates whether another PHR follows in this MAC CE 600 or not, i.e., the upper E-bit 

5 in the figure will be set, e.g., to 1 indicating that another PHR will follow while the lower E-bit 
will be set to another value. 

In another embodiment, the MAC CE could be compressed as shown in Fig. 7. The format of 
a compressed power headroom MAC CE 700 as illustrated in Fig. 7 includes the E-bits, the 

10 CCI fields and the PH fields as in the structure of Fig. 6, but avoids some of the reserved bits 
R by placing the E-bit, CCI field, and PH field of a PHR directly adjacent to each other and 
allowing bit fields to continue from one octet to the next. Again, the E-bit indicates if another 
PHR follows in this MAC CE or not. 

15 Since the MAC CE formats of Figs. 5-7 take into account the needs of component carrier 
aggregation as defined for LTE Rel-10, they may also be referred to as Rel-10 formats, 
whereas the format of Fig. 4 may be referred to as Rel-8 format. 

In some embodiments, in order not to increase the overhead due to the MAC CE format as 
20 described in connection with Figs. 5-7, the MAC CE format of Fig. 4 may also be used as an 

alternative, e.g., if a UE is not component carrier capable, i.e., does not support carrier 
aggregation, or if a UE is configured for a single carrier mode. According to an embodiment, 
one of the reserved bits in the Rel-8 format of Fig. 4 may be used to indicate whether the 
single or multi-carrier format is used. Fig. 8 shows a MAC CE 810 in a single-carrier format 

25 810, which is similar to the MAC CE 400 of Fig. 4, and a MAC CE 820 in a multi-carrier 
format, which is similar to the MAC CE 700 of Fig. 7. In both MAC CEs 810, 820, a V-bit (BIT 
0 in the first octet, which corresponds to one of the reserved bit in the MAC CE 400 of Fig. 4) 
is provided which indicates whether the MAC CE is in the single-carrier format or in the multi-
carrier format. For example, if a PHR relates to the component carrier on which it is being 

30 transmitted, the format of the MAC CE 810 may be used. This is indicated by the V-bit. 

Fig. 9 shows a flow chart for illustrating an example of a process of specifying header bits in 
a MAC PDU. As in the preceding examples, the PHR may be replaced by any other control 
element type. The process is for example executed in a transmitter of an LTE system, e.g., in 

35 the transmitting communication device 310 of Fig. 3. For UL transmission, the process may 
be executed in the processing system of a UE, e.g., the UE 10, prior to forwarding the MAC 
PDU to the transmitter for transmission over a wireless link to the respective receiver. For DL 
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transmission the process may be executed in the processing system of a radio base station 
or node B, e.g., the radio base station 100, prior to forwarding the MAC PDU to the 
transmitter for transmission over a wireless link to the respective receiver. Accordingly, the 
process may be executed by the processing system 312 in the transmitting communication 

5 device 310 of Fig. 3. 

At step 910, a PHR is generated. The PHR relates to a particular component carrier. 

At step 920, it is determined whether multiple component carriers (CCs) are configured. If 
10 this is the case, as indicated by branch "Y", the method continues with step 930. If this is not 

the case, as indicated by branch "N", the method continues with step 960. 

At step 930, it is determined whether multiple component carriers (CCS) are requested. If 
this is the case, as indicated by branch "Y", the method continues with step 940. If this is not 

15 the case, as indicated by branch "N", the method continues with step 980. 

At step 940, a MAC CE with the CCI is generated. This may be accomplished using the 
multi-carrier format of the MAC CE 820 as illustrated in Fig. 8. 

20 At step 950, the V-bit in the MAC CE generated at step 940 is set to a value indicating that 
the multi-carrier format is used, in the illustrated example a value of V=1. 

At step 960, a MAC CE without CCI is generated. This may be accomplished using the 
single-carrier format of the MAC CE 810 as illustrated in Fig. 8. 

25 
At step 970, the V-bit in the MAC CE generated at step 960 is set to a value indicating that 
the single-carrier format is used, in the illustrated example a value of V=0. 

At step 980, it is determined whether the MAC CE is to be generated for the same 
30 component carrier (CC) on which it is to be transmitted. If this is the case, as indicated by 

branch "Y", the method continues with step 960. If this is not the case, as indicated by branch 
"N", the method continues with step 940. 

Fig. 10 schematically illustrates exemplary structures for implementing the above-described 
35 concepts in a communication device, e.g., in the radio base station 100 of Fig. 1, in the UE 

10 of Fig. 1, or in a relay node. 



WO 2011/073191 
13 

PCT/EP2010/069630 

In the illustrated structure, the communication device 100 includes an interface 130 for data 
transmission via a plurality of carriers, e.g., using the above described concepts of carrier 
aggregation. More specifically, the interface 130 may be configured to be used for 
transmitting and/or receiving the above described control elements including a carrier 

5 identifier, e.g., the MAC CEs 500, 600, 700, and/or 820, which include at least one CCI. In 
addition, the interface 130 may also be configured to be used for transmitting and/or 
receiving control elements without a carrier identifier, e.g., the MAC CEs 400 or 810. It is to 
be understood that for implementing transmit functionalities the interface 130 will include one 
or more transmitters, such as the transmitter 314 of Fig. 3, and that for implementing receive 

10 functionalities the interface 130 will include one or more receivers, such as the receiver 322 
of Fig. 3. The interface 130 may be configured for data transmission via a radio link. For 
example, the interface 130 may correspond to the Uu radio interface according to the 3GPP 
TSs. 

15 Further, the communication device includes a processor 150 coupled to the interface 130 
and a memory 160 coupled to the processor 150. The memory 160 may include a read-only 
memory (ROM), e.g. a flash ROM, a random-access memory (RAM), e.g. a Dynamic RAM 
(DRAM) or static RAM (SRAM), a mass storage, e.g. a hard disk or solid state disk, or the 
like. The memory 160 includes suitably configured program code to be executed by the 

20 processor 150 so as to implement the above-described functionalities of the communication 
device. More specifically, the memory 160 may include a MAC protocol module 170 for 
implementing functionalities of data transmission on the basis of the MAC protocol. Further, 
the memory 160 may include a MAC CE determination module 172 for implementing 
functionalities of determining MAC CEs, e.g., the MAC CEs 400, 500, 600, 700, 810, or 820. 

25 Further, the memory 160 may also include a carrier identification module 174 for 
implementing functionalities of providing the MAC CEs with a carrier identifier, e.g., the CCI 
as provided in the MAC CEs 500, 600, 700, or 820, and/or for determining the carrier a 
received MAC CE is associated with on the basis of the carrier identifier received with the 
MAC CE. The MAC CE determination module 172 and/or the carrier identification module 

30 174 may be submodules of the MAC protocol module 170. Further, the memory 160 may 
include on or more other protocol modules 180 for implementing functionalities of data 
transmission on other protocol layers, e.g., on the RLC layer and/or on the PHY layer. 
Moreover, the memory 160 may also include a control module 190, e.g., for implementing 
control processes on the basis of a received MAC CE. For example, the control module 190 

35 may implement functionalities of the transmission controller 326 as described in connection 
with Fig. 3. 
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It is to be understood that the structure as illustrated in Fig. 10 is merely schematic and that 
the communication device may actually include further components which, for the sake of 
clarity, have not been illustrated, e.g., further interfaces. Also, it is to be understood that the 
memory 160 may include further types of program code modules, which have not been 

5 illustrated. For example, if the communication device is a UE, the memory 160 may include 
program code modules for implementing typical functionalities of a UE. Similarly, if the 
communication device 100 is a radio base station, the memory 160 may include program 
code modules for implementing typical functionalities of a radio base station. According to 
some embodiments, also a computer program product may be provided for implementing 

10 concepts according to embodiments of the invention, e.g., a computer-readable medium 
storing the program code and/or other data to be stored in the memory 160. 

Fig. 11 shows a flowchart for schematically illustrating a method according to an embodiment 
of the invention. The method may be used for implementing the above-described processes 

15 of data transmission via a plurality of carriers. The data transmission may include sending of 
data and/or receiving of data. The method may be implemented in a communication device, 
e.g., in a mobile terminal such as the UE 10 of Fig. 1 or in a radio base station such as the 
radio base station 100 of Fig. 1, or in a communication system, e.g., a communication 
system including the radio base station 100 and the UE 10 of Fig. 1. More specifically, the 

20 method may be implemented in a communication device, e.g., the transmitting 
communication device 310 as explained in connection with Fig. 3. 

At step 1110, data transmission via a plurality of carriers is performed. For example, this may 
involve using a constellation 30, 40 of multiple component carriers 32, 42 as described in 

25 connection with Fig. 1. It is not necessary to always use all carriers for data transmission. 
Rather, multiple carriers can be configured, but data be transmitted on only some of the 
configured carriers, e.g., on one of the carriers. According to an embodiment, transmission 
on each of the carriers may be based on a modulation scheme such as OFDM or DFTS-
OFDM (also referred to as Single-carrier Frequency Domain Multiple Access, SC-FDMA). 

30 The data transmission may be performed using a corresponding interface of the 
communication device, e.g., the interface 130 as explained in connection with Fig. 10. 

At step 1120, a control element is determined. The control element is associated with at least 
one of the carriers, i.e., includes information relating to the associated carrier or carriers. The 

35 control element may be a control element of a MAC protocol, e.g., a MAC protocol as defined 
for the 3GPP LTE radio link. More specifically, the control element may be a MAC CE 
including at least one PHR. In some embodiments, the control element could also include 
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other types of control information, e.g., control information for selective activation or 
deactivation of the associated carrier or carriers. 

At step 1130, the control element is provided with an identifier. The identifier specifies the 
5 carrier the control element is associated with. If the control element is associated with a 

plurality of the carriers, the control element is provided with a respective identifier for each of 
the associated carriers. The identifier may be a bit field of the control element, e.g., the CCI 
field as explained in connection with Fig. 5-8. In some embodiments, the identifier may be 
provided in a bitmap providing one or more bits for each of the associated component 

10 carriers. 

Steps 1120 and 1130 may be accomplished by a processing system of the communication 
device, e.g., the processing system 312 of Fig. 3. 

15 At step 1140, the control element with the identifier is sent on one of the carriers. This may 
be accomplished by a transmitter of the communication device, e.g., the transmitter 314 of 
Fig. 3 which may be part of the interface 130 of Fig. 10. 

Fig. 12 shows a flowchart for schematically illustrating a method according to a further 
20 embodiment of the invention. The method may be used for implementing the above-

described processes of data transmission via a plurality of carriers. The data transmission 
may include sending of data and/or receiving of data. The method may be implemented in a 
communication device, e.g., in a mobile terminal such as the UE 10 of Fig. 1 or in a radio 
base station such as the radio base station 100 of Fig. 1, or in a communication system, e.g., 

25 a communication system including the radio base station 100 and the UE 10 of Fig. 1. More 
specifically, the method may be implemented in the receiving communication device 320 as 
explained in connection with Fig. 3. 

At step 1210, data transmission via a plurality of carriers is performed. For example, this may 
30 involve using a constellation 30, 40 of multiple component carriers 32, 42 as described in 

connection with Fig. 1. It is not necessary to always use all carriers for data transmission. 
Rather, multiple carriers can be configured, but data be transmitted on only some of the 
configured carriers, e.g., on one of the carriers. According to an embodiment, transmission 
on each of the carriers may be based on a modulation scheme such as OFDM or DFTS-

35 OFDM. The data transmission may be performed using a corresponding interface of the 
communication device, e.g., the interface 130 as explained in connection with Fig. 10. 
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At step 1220, a control element is received. This may be accomplished by a receiver of the 
communication device, e.g., the receiver 322 of Fig. 3 which may be part of the interface 130 
of Fig. 10. The control element is associated with at least one of the carriers, i.e., includes 
information relating to the associated carrier or carriers. The control element may be a 

5 control element of a MAC protocol, e.g., a MAC protocol as defined for the 3GPP LTE radio 
link. More specifically, the control element may be a MAC CE including at least one PHR. In 
some embodiments, the control element could also include other types of control information, 
e.g., control information for selective activation or deactivation of the associated carrier or 
carriers. 

10 

At step 1230, the carrier the control element is associated with is determined from an 
identifier received with the control element. In some embodiments, also a plurality of 
associated carriers may be determined, e.g., from a plurality of identifiers received with the 
control element. The identifier may be a bit field of the control element, e.g., the CCI field as 

15 explained in connection with Fig. 5-8. In some embodiments, the identifier may be provided 
in a bitmap providing one or more bits for each of the associated component carriers. 

At step 1240, a transmission property of the at least one carrier determined at step 1230 is 
determined. This is accomplished on the basis of parameters indicated by the control 

20 element, e.g., on the basis of parameters of a PHR. Further, the data transmission on the 
determined carrier(s) may be controlled on the basis of information indicated by the control 
element. 

Steps 1230 and 1240 may be accomplished by a processing system of the communication 
25 device, e.g., the processing system 324 of Fig. 3. 

The methods of Figs. 11 and 12 may be combined with each other. For example, using the 
method of Fig. 11 a control element may be generated and sent by one communication 
device, e.g., the transmitting communication device 310 of Fig. 3, and another 

30 communication device may use the method of Fig. 12 to determine information related to a 
particular carrier. 

As can be seen, by using the above described concepts, control information with respect to a 
plurality of carriers can be conveyed in an efficient manner. The concepts allow for 

35 associating control information contained in MAC CEs with particular component carriers. 
This may be used to reduce the need to schedule a UE on an otherwise inactive or unused 
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component carrier and therefore may be used to reduce the system load but also the battery 
consumption in the UE. 

It is to be understood that the examples and embodiments as explained above are merely 
5 illustrative and susceptible to various modifications. For example, the concepts could be 

used in other types of mobile communication network using carrier aggregation. Also, the 
concepts may be applied to any number of aggregated carriers. Further, it is to be 
understood that the above concepts may be implemented by using correspondingly designed 
software in existing radio base stations or UEs, or by using dedicated hardware in the radio 

10 base stations or UEs. 
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Claims 

1. A method of data transmission via a plurality of carriers (32, 42), comprising: 
5 determining a control element (500; 600; 700; 820) associated with one of the carriers; 

providing the control element with an identifier specifying the carrier (32, 42) the control 
element (500; 600; 700; 820) is associated with; and 
sending the control element (500; 600; 700; 820) with the identifier on one of the carriers (32, 
42). 

10 

2. The method according to claim 1, 
wherein the control element (500; 600; 700; 
transmission properties of the carrier (32, 42) the 
associated with. 

15 

3. The method according to claim 1 or 2, 
wherein the control element (500; 600; 700; 820) is a control element of a Media Access 
Control protocol. 

20 4. The method according to claim 3, 
wherein the identifier is formed by a bitfield of the control element (500; 600; 700; 820). 

5. The method according to any one of the preceding claims, 
wherein the carrier (32, 42) the control element (500; 600; 700; 820) is associated with and 

25 the carrier (32, 42) the control element (500; 600; 700; 820) is sent on are different. 

6. The method according to any one of the preceding claims, 
wherein the control element (600; 700; 820) is associated with a plurality of the carriers (32, 
42) and is provided with a respective identifier for each of the associated carriers (32, 42). 

30 
7. The method according to any one of the preceding claims, comprising: 
multiplexing the control element (500; 600; 700; 820) and at least one further control element 
(500; 600; 700; 820) on a single carrier (32, 42). 

35 8. The method according to any one of the preceding claims, 
wherein the method is performed in a radio base station (100) of a mobile communication 
system. 

820) indicates parameters specifying 
control element (500; 600; 700; 820) is 
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9. The method according to any one of claims 1 to 7, 
wherein the method is performed in a mobile terminal (10) of a mobile communication 
system. 

5 
10. A method of data transmission via a plurality of carriers (32, 42), comprising: 
receiving a control element (500; 600; 700; 820) from one of the carriers (32, 42); 
determining, from an identifier received with the control element (500; 600; 700; 820), which 
one of the carriers (32, 42) the control element (500; 600; 700; 820) is associated with; and 

10 determining, on the basis of parameters indicated by the control element (500; 600; 700; 
820), a data transmission property of the carrier (32, 42) the control element (500; 600; 700; 
820) is associated with. 

11. The method according to claim 10, 
15 wherein the control element (500; 600; 700; 820) is a control element of a Media Access 

Control protocol. 

12. The method according to claim 11, 
wherein the identifier is formed by a bitfield of the control element (500; 600; 70; 820). 

20 
13. The method according to any one of claims 10 to 12, 
wherein the carrier (32, 42) the control element (500; 600; 700; 820) is associated with and 
the carrier (32, 42) the control element (500; 600; 700; 820) is received from are different. 

25 14. The method according to any one of the claims 10 to 13, 
wherein the control element (600; 700; 820) is associated with a plurality of the carriers (32, 
42) and is provided with a respective identifier for each of the associated carriers (32, 42). 

15. The method according to any one of claims 10 to 14, 
30 wherein the method is performed in a radio base station (100) of a mobile communication 

system. 

16. The method according to any one of claims 10 to 14, 
wherein the method is performed in a mobile terminal (10) of a mobile communication 

35 system. 
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17. A communication device (310) for data transmission via a plurality of carriers (32, 42), 
comprising: 
a processing system (312) configured to determine a control element (500; 600; 700; 820) 
associated with one of the carriers (32, 42) and to provide the control element (500; 600; 

5 700; 820) with an identifier specifying the carrier (32, 42) the control element (500; 600; 700; 
820) is associated with; and 
a transmitter (314) configured to send the control element (500; 600; 700; 820) with the 
identifier on one of the carriers (32, 42). 

10 18. The communication device according to claim 17, 
wherein the communication device (310) is configured to operate in accordance with a 
method as defined in any one of claims 1 to 9. 

19. A communication device (320) for data transmission via a plurality of carriers (32, 42), 
15 comprising: 

a receiver (322) configured to receive a control element (500; 600; 700; 820) from at least 
one of the carriers (32, 42); and 
a processing system (324) configured to determine, from an identifier received with the 
control element (500; 600; 700; 820), which one of the carriers (32, 42) the control element 

20 (500; 600; 700; 820) is associated with, and to determine, on the basis of parameters 
indicated by the control element (500; 600; 700; 820), a data transmission property of the 
carrier (32, 42) the control element (500; 600; 700; 820) is associated with. 

20. The communication device according to claim 19, 
25 wherein the communication device (320) is configured to operate in accordance with a 

method as defined in any one of claims 10 to 16. 

21. A communication system for data transmission via a plurality of carriers (32, 42), 
comprising: 

30 a transmitting communication device (310) configured to determine a control element (500; 
600; 700; 820) associated with one of the carriers (32, 42), to provide the control element 
(500; 600; 700; 820) with an identifier specifying the carrier (32, 42) the control element (500; 
600; 700; 820) is associated with, and to send the control element (500; 600; 700; 820) with 
the identifier on one of the carriers (32, 42); and 

35 a receiving communication device (320) configured to receive the control element (500; 600; 
700; 820), to determine, from the identifier received with the control element, the carrier (32, 
42) the control element (500; 600; 700; 820) is associated with, and to determine, on the 



WO 2011/073191 
21 

PCT/EP2010/069630 

basis of parameters indicated by the control element (500; 600; 700; 820), a data 
transmission property of the carrier (32, 42) the control element (500; 600; 700; 820) is 
associated with. 

5 22. The communication system according to claim 21, 
wherein the communication system is configured to operate in accordance with a method 
according to any one of claims 1 to 16. 


