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SYSTEM AND METHOD FOR SIGNALING CONTROL 

INFORMATION IN A MOBILE COMMUNICATION N1= TWOI i 

PR1O.RITY CLAIM UNDER 35 U.S.C. §, 119(0 

This application claims the 	benefit of U.S. Provisional 	Application No. 

61/3.‘,0,167, filed April 1, 2010, entitled "TPC Command Transmission in Carrier 

Aggregation," and U.S. Provisional Application No. 61;322,190, filed. April 8, 2010, 

entitled. -Efficient Decoding Methods and Apparatus for Block Coded Messages with 

Know Subset of Bit Values," both of which are incorporated by reference in their 

entirety. 

TECHNICAL FIELD OF THE INVENTION 

This disclosure relates in general' to wireless communication and, more 

particularly, to managing the transmission. power of a niobile terminal. 

BACKGROUND OF THE INVENTION 

Modern mobile communication networks face an ever ncreasing demand for 

high-bandwidth communication services under a wide variety of radio conditions, 

Some communication technologies have responded to this need by utilizing an 

expanded radiofrequency spectrum, For example, Release 8 oldie 3GPP Long Term 

Evolution (LTE) standard utilized a 20 MHz bandwidth for carrier signals, but 

Release 10 is expected to utilize a spectrum of 100-MHz or more. 

Because 	backwards 	compatibility 	is 	often 	a 	requirement 	for 	mobile 

communication networks, networks supporting use of expanded spectrums are often 

required to support legacy devices incapable of recognizing or utilizing their larger 

bandwidth. 	The need to support terminals having a range of different capabilities 

creates significant difficulties in managing resource use in such networks. 	To 

facilitate use of expanded 	carrier spectrums while still 	maintaining backwards 

compatibility, certain communication technologies, such as LIE, utilize a "carrier 

aggregation" scheme. 	Under such a scheme, a legacy terminal that is incapable of 

using the entirety of the expanded carrier spectrum will recognize the expanded 

spectrum as multiple separate carrier spectrums, referred to as "Component Carriers" 
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(CCs) that are each sized to fit the capabilities of the leiocy terminal. 	Meanwhile 

current-generation terminals will be able to utilize a larger carrier spectrum by 

aggregating multiple CC's. 

However, 	use 	of ITM ltiple 	separate 	carrier 	spec.trums 	can 	significantly.  

. complicate configuration and management of networks. For example, if the network 

attempts to notify a mobile device over a non-ideal radio channel that the device has 

been scheduled to use a particular component carrier, the mobile device may not 

successfully receive the notification. 	Even though many modern communication 

technologies provide procedures for a device to request retransmission of information 

10 that was not successfully received, it may be difficult or impossible for, a device to 

determine that it has not received scheduling information if the device is uncertain 

what scheduling information to expect. 	Furthermore, while the device could simply 

report on all the scheduling information it receives, and thereby permit the network to 

determine by deduction what scheduling information the device did. not receive, a 

l:5 significant amount of the network's transmission resource would be used up 

unnecessarily on such signaling when the mobile device successfully receives all the 

scheduling information, 	Thus, finding an effective scheme for communicating 

information about the scheduling of component carriers—one that can accommodate 

and adapt to transmission errors—can be critical to performance in networks that 

2{) support carrier aggregation. 

SUMMARY OF THE INVENTION 

In accordance with the present disclosure, certain disadvantages and problems 

associated with mobile communication have been, substantially reduced or eliminated. 

75 in particular, certain devices and techniques for providine, mobile telecommunication 

service are described 

En accordance with one embodiment of the present disclosure, a method of 

operating a wireless communication terminal includes receiving downlink control 

messages that contain scheduling information scheduling the wireless terminal to 

30 receive a downlink transmission on either a primary carrier or a secondary carrier. 

The method also includes determining, for each of the downlink control messages, 

whether that message includes scheduling information for the primary carrier or for a 

secondary carrier, Additionally, the method includes selecting a format .tor an uplink 
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scheduling information scheduling the wireless terminal to receive a downlink 

transmission on a secondary carrier, generating an uplink control message based. on 

the selected ibrmat, and transmitting, the uplink control message to the base station. 

, In accordance with another embodiment of the present disclosure, an apparatus is 

operable to implement this method, 

In accordance with another embodiment of the present disclosure, a method. of 

operating a wireless communication terminal includes receiving downlink control 

messages that contain scheduling information scheduling the 'wireless terminal to 

10 receive a downlink transmission on either a primary carrier or a secondary carrier. 

Each downlink control message also contains a power control parameter. The method 

further includes determining, fOr each of the downlink control messages, whether that 

downlink control message includes scheduling information for the primary carrier or 

for a secondary carrier. Additionally, the method. includes determining a transmission 

1:5 power level for an uplink control message based on whether any of the downlink 

control messages includes scheduling information for a secondary carrier, generating 

an uplink control message, and transmitting the uplink control message to the base 

station at the determined transmission power level. 	In accordance with another 

embodiment of the present disclosure, an apparatus is operable to implement this 

20 method. 

In accordance with another embodiment of the present disclosure, a method. of 

operating a :network node in an access network includes scheduling a wireless 

terminal to receive a downlink transmission on a primary carrier and one or more 

secondary carriers. 	The method also includes determining a first power control 

25 parameter for the wireless terminal_ to use in transmitting an uplink control message in 

accordance with a first format and generating a downlink control message that 

includes the first power control parameter and scheduling information for the primary 

carrier. 	The method further includes determining one or more additional power 

control parameters for the wireless terminal to use in transmitting an uplink. control 

30 message in accordance with a second format and generating downlink control 

messages that include the additional power control parameters and scheduling 

information for secondary carriers. Additionally, the method includes transmitting the 

first 	and 	additional 	downlink 	control 	messages 	to 	the 	wireless 	terminal, 	In 
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accordance with another embodiment: of the present: disclosure, an apparatus is 

operable to implement this method. 

Important 	technical 	advantages 	of certain 	embodiments 	of the 	present 

invention include reducing, the required overhead for control signaling in systems 

. supporting carrier aggregation. 	Particular embodiments may be capable of limiting 

the control signaling overhead associated with carrier aggregation when a terminal is 

not utilizing multiple component carriers. 	Additionally, particular embodiments may 

be able to provide this overhead reduction using a robust signaling scheme that can 

adapt to transmission errors that may impair the relevant signaling. Other advantages 

10 of the present invention will be readily apparent to one skilled in the art from the 

following .lig 	descriptions, and claims. 	Moreover, while specific advantages 

have been enumerated above, various embodiments may include all, some, or none of 

the enumerated advantages. 

1:5 BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and 	its 

advantages, reference is now made to the following description, taken in conjunction 

with the accompanying drawings, in which: 

FIGURE 1 illustrates the carrier spectrum for an example communication 

20 system that utilizes carrier aggregation; 

FIGURE 2 illustrates a particular embodiment of a mobile communication 

system that supports carrier aggregation; 

FIGURES 3A-3D are tables providing example power control parameters that 

may be utilized in particular embodiments of the mobile communication system of 

25 FIGURE 2; 

FIGURE 4 is a table of covering vectors that may he utilized to decode 

information in particular embodiments of the mobile communication system 

FIGURE 5 is a table showing a comparison of the operational complexity of 

various 	decoding 	techniques 	that 	can be 	used 	to 	decode 	encoded 	feedback 

30  Lioninform 

FIGURE 6 is a block diagram illustrating a particular embodiment of a 

wireless terminal that may be supported. by the mobile communication system; 
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FIGURE 7 	is a flowchart showing example operation of a particular 

embodiment of the wireless terminal 	in selecting a format for uplink control 

messages; 

FIGURE 	8 	is a 	flowchart showing example 	operation 	of a. particular 

. embodiment of the wireless terminal in determining a transmission power level at 

which to transmit uplink control messages; 

FIGURE 9 is a block diagram illustrating a particular embodiment of a 

network node that may be utilized in mobile communication system:, 

FIGURE: 10 is a flowchart showing example operation of the network node in 

10 managing the transmission power level of the wireless terminal; and 

FIGURES 11-12 are flowcharts illustrating example operation of particular 

embodiments of the network node in decoding feedback information transmitted by 

the wireless terminal. 

15 DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates the carrier spectrum fOr an example communication 

system 	that 	utilizes 	carrier 	aggregation. 	Certain 	advanced 	communication 

technologies rely on carrier aggregation to facilitate use of an expanded carrier 

spectrum I 10 in networks that must also support legacy terminals that are only 

20 capable of utilizing smaller carrier spectrums. 	Under a carrier aggregation scheme, 

expanded carrier spectrum 1.10 can appear to a legacy terminal as the aggregate 

spectrum for multiple carriers 100 (referred to as "component carriers" (C(. s)), each 

having a smaller spectrum that is compatible with the capabilities of the legacy 

terminal. 	Current-generation terminals, however, can utilize a larger portion of the 

25 expanded spectrum 110 by transmitting or receiving over multiple of the component 

carriers 100. 

As one example, Release 8 of the Long Term Evolution (LTE) communication 

standard supports a carrier spectrum having bandwidths up to 20 MHz. As a result, 

terminals configured to support this standard may he limited to using carriers having a 

30 'bandwidth no greater than 20 MHz. 	However, in order to provide higher overall 

throughput.. Release 10 of LTE is expected to support a carrier spectrum having a 

bandwidth larger than 20 MHz, 	As a result, future releases of LTE will use carrier 

aggregation to provide spectrum compatibility. 	With carrier aggregation, this overall 
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spectrum will appear to a Release 8 terminal as the aggregate spectrum of multiple 

component carriers, each having a smaller spectrum ('g., 20 MHz) compatible with 

the capabilities of the Release 8 terminal. Meanwhile, a Release 10 terminal may be 

able to utilizing the entirety of this expanded carrier spectrum 	110 by utilizing 

... multiple component carriers 	100 simultaneously. 	While the description below 

focuses, ibr purposes of illustration, on implementing the described solutions in LTE 

networks, 	the 	described 	solutions 	may 	be 	implemented, 	with 	appropriate 

modification, to any suitable communication technologies. 

FIGURE: 2 illustrates a mobile communication system 10 that provides 

10 communication service to a wireless terminal 20 using a can-ier aggregation scheme, 

such as the one illustrated in FIGURE 1. Mobile communication system 10 includes 

an access network 30 that provides communication services to a cell 60 associated,  

with mobile communication system 10 and a core network 40 that provides backhaul 

delivery of information within mobile communic.ation system 10. By using signaling 

15 techniques described herein, particular embodiments of mobile communication 

system 10 can provide a reliable scheme for communicating scheduling information 

and power settings between access network 30 and wireless terminal 20 regardless of 

the number of components carriers configured for wireless terminal 20. Additionally, 

by using knowledge of the component carriers on which wireless terminal 20 has been 

2{) 

25 

scheduled, access network 30 can more efficiently decode feedback transmitted by 

wireless terminal. 20 indicating the scheduled transmissions successfully received by 

wireless 	terminal 	20. 	Consequently, 	as 	described 	further 	below, 	particular 

embodiments of mobile communication system 10 can provide robust, low-overhead 

techniques for managing the use of carrier aggregation, 

In general, mobile communication system 10 provides mobile communication 

service to one or more wireless terminals 20 operating within cell 60, a geographic 

area associated with mobile communication system 10. 	Mobile communication 

system 10 may support communication of any suitable type andlor in accordance with 

any appropriate communication standards including, but not limited to, any Long 

30 Term Evolution (LTE), Worldwide Interoperahility for Microwave Access (WiMAX1, 

and Wideband Code Division Multiple. Access (WCDMA) communication standards. 

Wireless terminal 	20 represents any device capable of communicating 

.information wirelessly with mobile communication system 10. Examples of wireless 
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terminal 20 include traditional communication devices such as mobile phones, 

personal digital assistants ("PDAs"), laptop computers, and any other portable 

communication device suitable for use with communication system 10, For example, 

in particular embodiments, wireless terminal 20 represents an instance of LIE user 

. equipinent (13E). 	Additionally, in particular embodiments, wireless tetminal 20 may 

also represent automated equipment or devices equipped with components suitable to 

permit communication with mobile communication system 10, such as devices in  a 

home-automation network. 	For example, wireless terminal 20 may represent a 

washing machine, oven, digital video recorder (DVRs), or other home appliances 

10 capable of remote management over mobile communication system 10, 	Althou.gh 

FIGURE 2 illustrates, for the sake of simplii ity,. only a single wireless terminal 20 

and a single base station 32, mobile communication system 10 may include any 

suitable number and configuration of base stations 32 capable of serving any number 

of wireless terminals 20 including, in particular embodiments, wireless terminals 20 

15 having different capabilities with respect to the carrier spectrums they support. 

Access network 30 communicates wirelessly with wireless terminals 20 and 

serves as an interface between wireless terminals 20 and core network 40. 	Access 

network 30 may represent or include a radio access network and/or any elements 

responsible for providing a radio or air interface for core network 40. For example, in 

20 the illustrated embodiment, access network 30 includes one or more base stations 32. 

Access network 	3() may 	also 	include 	base 	station 	controllers, 	access 	servers, 

gateways, and/or any additional components suitable for managing radio channels 

used by base station 32, authenticating users., controlling handolfs between base 

station 	32 	and 	other 	radio 	access 	elements, 	andior 	otherwise 	managing 	the 

25 interoperation of base stations 32 itrid interfacing base stations 32 with core network 

40. 

Base station 32 communicates wirelessly with wireless terminals 20 to 

facilitate mobile communication for wireless terminals 20, 	Base MatiOnS 32 may 

include any appropriate elements to communicate with wireless terminals 20 and to 

30 interface wireless terminals 20 with core network 40, For example, depending on the 

communications standards supported by access network 30 and core network 40, each 

base station 32 may represent or include a base station, a Node B, an evolved Node B 
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(e.Node B), a radio base station (R13S), an access point, or any other suitable element 

capable of communicating with wireless terminals 20 tirelessly. 

Core network 40 routes voice and/or data communicated by wireless terminals 

2.0 horn access network 30 to other wireless terminals 20 or to other communication 

. devices coupled to core network 40 through landline connections or through other 

networks. Core network 40 may support any appropriate standards or techniques for 

routing such communications. For example, in embodiments of wireless terminals 20 

that support LTE, core network 40 may represent a System: Architecture Evolution 

(SAE) core network. 	Core network 40 may also be responsible for aggregating 

10 communication for loughaul transmission, authenticating users, controlling calls, 

metering usage for billing purposes, or other .functionality zIssociated with providing 

communication services. 	In general, however, core network 40 may include any 

components 	suitable 	for routing 	and 	otherwise 	supporting 	voice 	and/or 	data 

communications for wireless terminals 20. 

15 In operation, mobile communication system 10 provides telecommunication 

service to wireless 	terminal 	20. 	As part of this 	service, 	access 	network 	3(1 

communicates wireiessly with wireless terminal 20, 	For example, in the illustrated 

embodiment, base station 32 of access network 30 establishes a wireless connection 

with wireless terminal 20 for communication over radiofre.quency (RF) channels, and 

20 core network 40 transports voice, data:  multimedia, andior other types of infomiation 

between various components of access network 30 and between other elements of 

mobile communication system 10, such as wireline communication devices. 

To 	increase the available spectrum of carriers that can be utilized 	l'or 

communication between 	wireless terminal 20 and access network 	30, 	mobile 

25 communication system 10 utilizes a carrier aggregation scheme in which one or more 

component carriers are configured for use in cell 60. 	In particular embodiments, this 

configuration is performed on a semi-static basis, 	Thee number of configured 

component carriers, as well as the bandwidth of the individual component carriers, 

may be different for uplink and downlink. 	Additionally, the number of component 

30 carriers configured in a cell may be different from the number of component carriers 

seen by wireless terminal 20. 	For example, in particular embodiments, wireless 

terminal 20 may support more downlink component carriers than uplink component 

carriers, even though cell 60 is configured with the same. number of uplink and 
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downlink component carriers. 	In particular embodiments, wireless terminal 20 may 

initially connect to access network 30 through base station 32 using only a single 

component carriers, and after connecting, may be provided. information indicating the 

component carriers currently configured for use in cell 60 

, In order to prevent wireless terminal 2() .from having to constantly monitor all 

component carriers configured for cell 60, an element of access network 30 (assumed 

to be base station 32 for purposes of this example) may be responsible for activating 

and deactivating the various component carriers to be used by wireless terminal 20 in 

cell 60. 	Wireless terminal 20 can then limit its monitoring to only those component 

10 carriers configured and activated for wireless terminal 20. For example, in Release 10 

LIE embodiments, important control information for a component carrier will be 

transmitted on a Physical Downlink Control Cliannet (PDCCH) and Physical 

Downlink Shared CHarinel (PDSCH) associated with that component carrier. 	With 

activation, wireless terminal 20 can limit its monitoring. of PDCCH and PDSCH to 

15 component carriers currently activated for wireless terminal 20, instead of being 

forced to monitor these channels for all component carriers configured for use in cell 

60, 	In certain embodiments, activation can be achieved using faster signaling (e.g, 

Medium Access Control (MAC) layer signaling) than the initial configuration of 

component carriers, thereby reducing the amount of time and overhead used to change 

'7)0 the number of component carriers utilized by wireless terminal 20 at a given time_ 

For example, upon arrival of large data amounts for wireless terminal 20 multiple 

downlink component carriers may be activated for wireless terminal 20 and then used 

to transmit data to wireless terminal 20. 	These excess component carriers may then 

be de-activated for wireless terminal 20 if not needed once this data has been 

25 transmitted to wireless terminal 20. 

In particular embodiments, all but one component carrier in each direction—

referred to here, individually, as the "downlink primary component carrier" and the 

-uplink primary component carrier,-  or collectively, as the -primary component 

carrier"—can be de-activated for wireless terminal 20 when not needed. 	Activation 

30 provides therefore the possibility 	to configure multiple component carriers for 

wireless terminal 20, but only activate these additional component carriers 	referred 

to here as "secondary component carriers"—on an as-needed basis. Often, wireless 

terminal 20 may have one or a very few component carriers activated, thereby 
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permitting wireless terminal 20 to use a lower reception bandwidth and thus reduce 

battery consumption. 

In many advanced communication systems scheduling of component carriers 

is done via downlink assignments, uplink scheduling grants, andfor other scheduling 

. information that is izommunicated in messages (represented in FIGURE 2 by 

"downlink control messages 70") sent to wireless terminal 20 over a downlink control 

channel. 	For example, in an embodiment of mobile communication system 10 

implementing LTE. d.ownlink assignments would be c.ominurticated to wireless 

terminal 20 in Downlink Control Information (DCI) messaces transmitted on the 

to PDC:CH, 	This scheduling information indicates that wireless terminal 20 has been 

scheduled to receive a downlink transmission on a particular component carrier 

during a particular radio subframe. 	For example. 	in embodiments of mobile 

communication system 10 that implement LIE, base station 32 may transmit a 

downlink control message 70 that includes one or more downlink scheduling 

15 assignments indicating when in the current or upcoming subframe wireless terminal 

20 is scheduled to receive a data transmission on the Physical Downlink Shared 

Cl Iannel (PDSCII) on a particular component carrier or carriers. 

Wireless 	terminal 	20 determines 	the component carrier associated with 

received scheduling information either based on a predetermined relationship between 

2{) the component carrier on which the scheduling information was received ('e„g,, the 

relevant component carrier may be the same component carrier on which the 

scheduling information was received for a downlink assignment or an uplink 

component carrier associated with that downlink component carrier for uplink 

scheduling grants) or based on additional information included in the downlink 

75 control message 70 that identifies the relevant component carrier (such as a Carrier 

Indicator Field 	(CIF) 	in 	LIE 	embodiments). 	In particular embodiments, 	the 

applicable subframe for the scheduling information is the same subframe in which the 

downlink control message 70 is transmitted, or another subframe idendfled by 

wireless terminal 20 based on some pre-established relationship with the subframe in 

30 which downlink control message 70 was transmitted. 

In addition to the scheduling information, downlink control messages 70 may 

contain, in particular embodiments, modulation and coding scheme parameters, 

spatial multiplexing parameters„ and .feedback-related information, 	Additionally, in 
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particular embodiments, control messages may include power control parameters 

(e.g., Transmit Power Control (TPC) commands), as discussed further below. These 

parameters provide information indicating how wireless terminal 20 should respond to 

the downlink control message 70 or how wireless terminal 20 should behave when 

. using the scheduled resource. 

In many advanced communication technologies, wireless terminal 20 is 

expected to respond to a downlink control message 70 by indicatinn whether the data 

transmission(s) 	scheduled. by 	the relevant downlink 	control message 70 were 

successfully 	received 	(including 	both 	reception 	and decoding 	of the 	relevant 

10 transmissions without error). 	Thus, in particular embodiments, wireless terminal 20 

responds to a detected downlink control message 70 by communicating-  an uplink 

control. message 72 that includes feedback inibrmation (e.g., Hybrid Automatic 

Repeat 	Request 	(II ARQ) 	A cknowledgementiNegative 	A c kno w led g:ement 

(ACKINACK) 	feedback 	bits) 	indicating, 	successful 	receipt 	or 	unsuccessful 

15 receiptinon-receipt of the transmission(s) scheduled by that downlink control message 

70.. However, when carrier aggregation is implemented in a network, particularly one 

supporting 	legacy termmals unable to utilize multiple component carriers, 	the 

confinuration and conmiunication of uplink control messages 72 can become far more 

complicated. 	Communication of feedback for a significant number of different 

20 component 	carriers 	can 	waste 	value transmission 	resources, 	,Add itiona 1 ly: 	the 

dramatic increase in the number of possible configuration and scheduling scenarios 

can 	create 	problems 	if the 	communication 	of this 	ii-iformation 	is 	not 	robust. 

Therefore, particular embodiments of mobile COMMUnication system 10 implement 

certain 	solutions 	for 	improved 	communication 	of control 	signaling 	in 	carrier 

75 aggregation systems. 

In particular embodiments, \viceless terminal 20 is configured by the network 

to make scheduling requests (SR) with a pre-determined frequency. When a wireless 

terminal 20 is to feed hack bits in a subframe that allows scheduling request, the SR 

bit (where, e.g., -1" may represent a positive scheduling request and "0" may 

30 represent a negative scheduling request) can be appended to the feedback bit 

sequences. Thus, uplink control messk.,!e 72 may also include an SR bit or an other 

form of scheduling request in addition to the feedback bits. 
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Format Selection for Uplink Control Messages 

If wireless 	terminal 	20 	has multiple component 	carriers 	activated at a 

particular moment, it may be necessary for wireless terminal 20 to provide feedback 

on transmissions scheduled on multiple different component carriers at once. 	in 

... particular embodiments of mobile communication system 10, wireless terminal 20 

may be configured to use a single uplink control message 72 to acknowledge receipt 

or non-receipt failed receipt of scheduled information on all scheduled component 

carriers during a particular subframe. 	By consolidating the acknowledgements in this 

manner, mobile communication system 10 may reduce the overhead required for such 

10 acknowledgements, 	However, legacy terminals served by mobile communication 

system 10 may only be capable of using (and therefore acknowledging) a single 

component carrier. 	As a result, it may be necessary for mobile communication 

system 10 to recognize multiple formats of uplink control message 72, including a 

first format for devices capable of utilizing only a single component carrier, a format 

.15 that only provides feedback for a single component carrier (referred to here as the 

"single carrier-  or "SC" format), 	and a second 	format 	that can 	be 	used to 

communicate feedback for multiple component carriers (referred to here as the 

"carrier aggregation" or "CA" format). 

In particular embodiments, the second format represents a message format that 

2{) defines, within an uplink control message 72, predetermined locations for one or more 

feedback hits associated with each of the component carriers currently configured for 

use in cell 60. 	The specific number of bits transmitted for each component carrier 

may vary, For example, in particular embodiments, mobile communication system 10 

supports multiple-input multiple-output (MTMO) and spatial diversity transmission 

25 schemes and may selectively utilize spnial feedback bundling, in such embodiments, 

wireless terminal 20 may be configured to use a CA format that provides one 

feedback bit per configured component carrier when spatial feedback bundling is 

employed, and provides two feedback bits per configured component carrier when 

spatial bundling is not employed_ For example, if cell 60 is currently configured with 

30 three component carriers, this CA format would support three bits when spatial 

feedback bundling is employed and six bits when spatial feedback bundling is not 

employed. 	Unneeded feedback bits (e.g., those associated with a component carrier 

turf  which no scheduling infbrmation was successfully received, or those associated 
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with a single-codeword transmission that requires only one of an allotted two 

feedback bits) may be set to a fixed value. c-,% .. "0" (NACK). 	in general, however, 

the 	CA 	format 	may 	:indicate 	in 	any appropriate 	manner whether scheduled 

information for each of a plurality of component carriers has or has not been 

. successfully received by wireless terminal 20. 

Because of the additional overhead associated with using the CA format, it 

may be desirable to have terminals that are capable of utilizing multiple component 

carriers also use the SC .format for uplink control messages 72 if such terminals have 

only been scheduled on a single component carrier (and, thus, only need to provide 

10 feedback on a single component canner). 	Therefore, in particular embodiments, 

wireless terminal 20 transmits uplink control messages 72 in accordance with the SC 

format when providing feedback renarding a transmission wireless terminal 20 is 

scheduled to receive on a single component carrier (e.g., the primary component 

carrier) and in accordance with the CA format when providini.t feedback on 

.15 transmissions wireless terminal 20 is scheduled to receive on multiple component 

carriers. Consequently, particular embodiments of mobile communication system 10 

may reduce the overhead associated with control information transmissions by 

wireless terminals 20 that support carrier aggregation. 

However, because access network 30 may communicate downlink control 

2{) messages 	70 	over 	non-ideal 	radiofrequencv 	(RF) 	channels, 	downlink 	control 

messages 70 carrying assignments and scheduling grants may not be received or may 

be corrupted during transmission, resulting in errors when decoded by wireless 

terminal 20. 	As a result, wireless terminal 20 may not receive all of the downlink 

control messages 70 transmitted to it for a particular subframe, 	One particular 

25 concern is that wireless terminal 20 may receive a downlink control message 70 with 

scheduling information for a secondary component carrier, but fail to receive the 

downlink control message 70 with scheduling information for the primary component 

carrier during the same subframe, 	In such cases, using the SC format to provide 

feedback on the downlink control message 70 for the secondary component carrier 

30 could lead to errors, because the SC format uplink control message 72 only provides 

feedback on a sinde component carrier. Because, in this case, multiple component 

carriers have been scheduled for wireless terminal 20, access network 30 may not be 
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able to conclusively determine which of the scheduled component carriers the 

feedback was associated with. 

Consequently, in  particular embodiments, wireless terminal 20 is configured' 

to select a format for uplink control messages 72 based on whether wireless terminal 

. 20 receives scheduling information for any secondary component carrier associated 

with cell 60. 	in particular embodiments, wireless terminal 20 knows 	which 

component carrier is the primary component carrier (for example, as a result of 

infOrmation transmitted by base station 32 during configuration of the component 

carriers) or is able to determine from the format of a received downlink control 

10 messages 70 whether the corresponding component carrier is the primary or a 

secondary 	component 	carrier. 	If wireless 	terminal 	20 	successfully 	receives 

scheduling information for any secondary component Carrier, wireless terminal 20 

responds with a CA format uplink control message 72, even if this secondary 

component carrier is the only component carrier for which wireless terminal 20 

1:5 successfully receives scheduling information for that snb.fraine. 	By doing so, in 

particular embodiments, wireless terminal 20 is able to prevent errors that would 

otherwise result if wireless tern-tin-it 20 used the SC format to provide feedback on 

secondary component carriers 	when wireless terminal 20 has not successfully 

received scheduling information transmitted for the primary component carrier. 	In 

2{) such embodiments, wireless terminal 20 may still use the SC fOrmat to transmit 

feedback when wireless terminal 20 the only component carrier for which wireless 

terminal 20 receives scheduling information is the primary component carrier, just not 

when a secondary component carrier is the only component carrier for which 

scheduling information is received. 

25 In general, this solution permits access network 30 to conclusively establish, 

when receiving an uplink control message 72 with feedback information for only a 

single component carrier (i.e,, an SC format message), that the feedback information 

relates to a scheduled transmission on the primary component carrier, Furthermore, in 

particular embodiments of mobile communication system 10, access network 30 is 

30 configured to always schedule wireless terminal 20 on the primary component carrier 

first In such embodiments, wireless terminal 20 may often be scheduled on only the 

primary component carrier. As a result, wireless terminal 20 may still be able to use 

the SC format of 	limiting the frequency with which the C.'....A format, with us 
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additional overhead:  is used. Thus, particular embodiments of mobile communication 

system 10 permit wireless terminal 20 to opportunistically use the SC format to 

reduce the control signaling overhead associated with carrier aggregation, but at the 

same time avoid certain errors that. may result when scheduling information is 

. unsuccessfully transmitted. 	FIGURE 7 below describes in greater detail example 

operation of a particular embodiment of wireless terminal 20 capable of providing 

feedback in this manner. 

Communicating Power Control Parameters 

10 Particular embodiments of mobile communication system 10 may also or 

alternatively provide a more reliable technique for controlling the transmission power 

of terminals when sending uplink COMM]. messages 72 associated with carrier 

aggregation. 	in particular embodiments of mobile communication system 10, each 

downlink assignment or uplink grant is scheduled with its own downlink control 

15 message 70 and each received uplink control message 72 contains a power control 

parameter that indicates directly or indirectly a MITISIllission power level for wireless 

terminal 20 to use in transmitting the responsive uplink control message 72. 	These 

power 	control 	parameters 	may 	represent 	information 	indicating 	a 	specific 

transmission power level for wireless terminal 20 to use, information indicating a 

20 maximum transmission power level wireless terminal 20 must obey, information 

indicating an adjustment for wireless terminal 20 to apply to a current transmission 

power 	level, 	or 	information 	indicating 	in 	any 	other manner 	an 	appropriate 

transmission power level for wireless terminal 20. 	As one example, in certain LIE 

embodiments, each downlink control message 70 contains a Transmit Power Control 

25 (. f cp) bit field that contains an adjustment value for wireless terminal 20 to apply to a 

current power level in determining an appropriate transmission power level at which 

to transmit a responsive uplink control message 72 on the PUCCI-1. 

As explained 	above, 	when scheduled 	for transmission on the primary 

component carrier as well as one or more secondary component carriers, wireless 

30 terminal 20 will receive multiple downlink control messages 70, one for each 

component carrier on which the terminal is scheduled. In such embodiments, it would 

be possible to only transmit the desired power control parameter in one downlink 
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control message 70 and reuse the relevant fields in other downlink control messages 

70 for other, non-redundant control information. 

However, doing so can create several problems. 	First, if the power control 

parameter were inserted into only a single downlink control message 70 transmitted to 

. wireless terminal 20 and wireless terminal 20 does not successfully receive that 

downlink control message 	70, 	wireless terminal 	20 might not have sufficient 

information by which to determine the correct transmission power to 	use in 

transmitting the responsive uplink control message 71 	Second, even if wireless 

terminal 20 were to receive the downlink control message 70 containing the true 

10 power control parameter, access network 30 would be unlikely to find a single power 

control parameter suitable for use with both the SC format and the CA format, as 

these two fbrmats may result in drastically different uplink transmissions. 

Furthermore, in particular embodiments, the CA format provides feedback for 

all configured  component carriers, Since re-configuration is a rather slow process, the 

15 number of configured component carriers cannot track the actually used component 

carriers and often a rather high number of component carriers is configured for a 

given cell 60. Therefore, it is quite likely that, for a given subfraine, cell 60 will be 

configured with more component carriers than wireless terminal 20 will actually be 

scheduled to use. This may result in a yet a third problem. Wireless terminal 20 may 

2{) transmit feedback hits that would be unnecessary if wireless terminal 20 provided 

feedback for only activated or scheduled component carriers. 	This in turn, results in 

lower energy per true feedback bit and worse performance. 

To address the third problem (i.e., diminished performance resulting from the 

transmission of more feedback bits than are necessary), particular embodiments of 

7 5 base station 32 implement a dynamic decoding scheme to decode feedback bits 

transmitted by wireless terminal 20 after receiving these downlink control messages 

70. 	This dynamic decoding scheme utilizes scheduling knowledge to improve the 

base station's decoding performance for a given transmission power level, 	A.s a 

result, the dynamic decoding can provide the same quality level with a substantial 

30 reduction in the signal-to-noise ratio, thereby reducing the negative impact of the 

unnecessary feedback bits. 	This dynamic decoding scheme is described in greater 

detail below. 
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l'o address the first and second problems, an appropriate element of access 

network 30 (assumed here to be base station 32) may be continued to determine a 

power control parameter to include in each downlink control message 70 based on 

whether the relevant downlink control message 70 is communicating scheduling 

information for the primary component carrier, a "PCC control message" (represented 

in FIGURE 2 by downlink control message 70ai, or COMMUTIkatilW. scheduling 

information for one of the secondary component carriers, an "SCC control message" 

(represented in FIGURE 2 by downlink control messages 70h-d), 	in particular 

embodiments, if the relevant downlink control message 70 is a PCC downlink control 

10 message, base station 32 selects a first power control parameter suitable for use in 

transmitting an uplink control message 72 in accordance with the SC format. 	lf, 

instead, the relevant downlink control message 70 is an SCC control message, then 

base station 32 determines a second power control parameter or multiple power 

control parameters suitable for wireless terminal 20 to use in transmitting a responsive 

15 uplink control message 72 in accordance with the CA format. 

Base station 32 may determine this second andfor any additional power 

control parameter for use with the CA format in any suitable manner 	As one 

example, in particular embodiments, base station 32 determines a second power 

control parameter for transmitting uplink control message 72 using the CA. format 

20 regardless of how many or which downlink control messages 70 wireless terminal 20 

receives, 	In such embodiments, base station 32 may then include this second power 

control parameter in each of SCC downlink control messages 70b-d. This may ensure 

that wireless terminal 20 will use the same transmission power regardless of how 

ninny of the multiple SCC downlink control messages 7Ob-d wireless terminal 20 

25 successfully receives. 

As another example, the second power control parameter determined by base 

station 32 may represent a power control parameter for use when wireless ternnnal 20 

successfully receives all of the SCC downlink control messages 70 transmitted to 

wireless terminal 20 for that subframe. 	Base station 32 may intend for wireless 

30 terminal 20 to calculate an actual power control parameter to use based on ihis second 

power control parameter and on the number of SCC downlink control messages 70 

that wireless terminal 20 successfirlly receives. 	As a result, base station 32 may 

calculate a third power control parameter by dividing the second power control 
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parameter by the number of secondary component carriers on which wireless terminal 

20 is being scheduled in this subframe. 	Base station 32 may then include this third 

power 	control 	parameter 	in 	each 	SCC 	downlink 	control 	message 	70b-d. 

Alternatively, base station 32 may calculate multiple, different additional power 

. control parameters-----one for each SCC downlink control message 70b-d to be 

transmitted- ----- that add up to the second power control parameter. Base station 32 then 

includes one of these additional power control parameters in  each SCC downlink 

control message 70h-d transmitted_ If wireless terminal 20 then successfully receives 

sonic or all of the transmitted SCC downlink control messages 70b-d, wireless 

10 terminal 20 will add the power control parameters in the received SCC downlink 

control messaes 70b--d (with carrier-specific weightings in certain embodiments) to 

get a power control parameter for use in making a CA format transmission in the 

sub frame. 

As yet another example, base station 32 may determine a second and or 

15 additional power control parameters based on the specific set of secondary component 

carriers on which wi reless  terminal 20 is schedul ed to  receive a  transmission  during  

the subframe. 	To illustrate, FIGURES 3A-30 provide tables containing example 

power control parameters for an embodiment in which base station 32 is capable of 

supporting five different component carriers. 	Specifically, the tables of FIGURES 

2{) 3A-3D describe example power control parameters for a particular embodiment of 

base station 32 when two, three, four, or five component carriers, respectively, are 

configured for wireless terminal 20_ 	in particular. FIGURES 3A-3D illustrate 

example power control parameters for an embodiment in which wireless terminal 2() 

determines a transmission power level for transmitting uplink control messages 72 in 

25 accordance with Equation I: 

43,:vc13  (0 ''' Mi31(PCMAX 	T:i M:Cli ± PL + h(!i ev 	n il4.,;. 0) ± A E l'i.:("Cil (F . + g(1)} 

for which the following definitions are used: 

30 

fpu,,,,? (1) 	PLICCH transmit power for subframe I. 

i'c s. x 	 figuredCon 	maximum transmit power for uplink PCC. 
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PO ".CKfi 	 Desired uplink control message receive power signaled by 

higher layers. 

fi( l if. ..rii 3 . 	) 	Offset 	parameter that depends 	on number of CQJ bits or lh irgo ... 

number ncvi  of COI bits or number illi  of feedback bits 

A l  • vt,4.i.cA1''3 	Offset parameter that 	depends 	on 	uplink 	control 	message 

format 

, 	 Acctimulated power adjustment value derived from power 

control 	parameters, 	(5 ,,.,,c,..,,, (1) . 	In 	particular 	embodiments, 

e--] 

0) = g 	--- 	,,,„,„(i --- 	,,1k 	The values M and k„, depend on 
m.- 

whether the duplexing mode is FDD or TDD. 

Pi, 	 Pathioss 

Base station 32 may store lookup tables containing the same or similar 

information to that shown in FIGURE 3A-3D. 	Additionally, base station 32 may 

maintain multiple different versions of each lookup table to use under different radio 

conditions, with difference carrier configurations, or in response to changes in other 

aspects of the operating environment, 	In such embodiments, base station 32 selects 

an appropriate second power control parameter using such lookup tables. Base station 

32 then includes the selected second power control parameter in each of the SCC 

downlink control messages 70b-d transmitted to wireless terminal 20. 	alternatively, 

base station 32 may, as described above, calculate a third power control parameter 

and/or additional power control parameters for inclusion in the SCC downlink control 

messages 70 based on the selected second power control parameter. 

As yet another example, in particular embodiments, base station 32 may 

determine the second power control parameter (or any additional power control 

parameter to be included in SCC downlink control messages 70) based on, whether 

spatial feedback bundling will be employed by wireless terminal 20. 	For example, 

any of the above described techniques for generating additional power control 

parameters can be modified to further consider whether spatial feedback bundling will 

be employed. 	This may permit the transmission power to be adjusted based on the 

number of feedback bits that will actually be transmitted. 

10 

15 

20 

25 

30 
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Base station 32 then transmits any generated downlink control messages 70 to 

wireless terminal 20. 	Wireless terminal 20 successfully receives (i.e,, receives and 

decodes'Without error) some or all of the transmitted .downlink control messages 70. 

Based on the successfully received downlink control messages 70, wireless terminal 

20 determines a transmission power level to use when transmitting the responsive 

uplink control message 72. 	11 wireless terminal 20 successfully receives only PCC 

downlink control message 70a, wireless terminal 20 will determine a transmission 

power level for transmitting a responsive uplink control message 72 using the power 

control parameter in the only downlink control message 70 successfully received by 

10 wireless terminal 20 (in this case, the First power control parameter). 	if wireless 

terminal 20 successfully receives any of SCC downlink control messages 70b-d, then 

wireless terminal 20 will instead determine a transmission power level to use based on 

power control parameters in one or all of the successfully received SCC downlink 

control messages 70b-d (i.e., the second or additional power control parameters). 	As 

I:5 explained above, wireless terminal 20 may determine the overall power control 

parameter to use based on a common power control parameter that is included each of 

the successfully received SCC downlink control message 70b-d, based on the sum 

(possibly weighted) of the power control parameters included in the successfully 

received SCC downlink control messages 70h-d, or based on any appropriate 

20 combination of the power control parameters in one or more of the successfully 

received SCC downlink control messages 70b-d. 

Thus. wireless terminal 20 uses the first power control parameterthe 

power control parameter included in the downlink control message 70 scheduling 

wireless terminal to receive transmissions on the primary component carrier) when 

25 base station 32 has only scheduled wireless terminal 2.0 to receive transmissions on 

the primary component carrier, or when wireless terminal 20 does not successfully 

receive downlink control messages 70 communicating the scheduling of any 

secondary component carriers. 	If, however, wireless 	terminal 	20 successfully 

receives any downlink control messages 70 scheduling wireless terminal 20 to receive 

30 transmissions on a secondary component carrier, then wireless terminal 20 will 

disregard 	the 	first 	power 	control 	parameter 	and 	determine 	the 	appropriate 

transmission power level based on the power control parameters in one or more of the 

downlink control messages 70 scheduling such secondary component carriers. 
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After determining the power control parameter or parameters to use based on 

the successfully received downlink control messages 70. wireless terminal 20 will 

calculate a transmission power for its uplink control message 72 based on this power 

control parameter. 	Wireless terminal 20 may determine the transmission power in 

. any appropriate manner based on die power control parameters communicated by 

base station 32 in downlink control messages 70. 	For example, in particular 

embodiments, wireless terminal 20 is configured to determine a transmission power 

level for the downlink control message 70 based. on Equation (1). 

In particular embodiments that utilize Equation (I), WO is the accumulation of 

10 the current power control parameter (or the (weighted) sum of power control 

parameters 	successfully received 	in downlink control 	messages 	70 	scheduling 

secondary component carriers) and previous values. 	Depending on whether the 

relevant power control parameters are used to maintain a single g(i) value or two 

independent g(I) values 	one for the SC format (gpc,41)) and one for the CA format 

15 

 

is ,c 	embodiments may utilize separate power control loops for the 

different formats. 

In  the first case where only one a single g(i) value is maintained, this g(i) is 

only updated with the power control parameter related to the format to be used for the 

responsive uplink control message 72. Thus, whenever the SC format is used, (1) is 

20 updated based on the power control parameter transmitted in the Pee downlink 

control messages 70 (i.e, the first  power control parameter), assuming the PCC 

downlink control message 70 was successfully received. Whenever the CA format is 

used, g(i) is updated based on one or more of the power control parameters in 

successfully received downlink control messages 70 scheduling secondary component 

25 carriers. 

In the second case, ,gpcc(i) for the SC format is only updated with power 

control parameter from PCC downlink control message 70, 	Meanwhile, gscc(i) for 

the CA format is only updated based on power control parameters in downlink control 

messages 70 scheduling secondary component carriers. In various embodiments, both 

30 gpc(0) and gs-cr0 may be updated as soon as a corresponding power control 

parameter is received or may only he updated if the corresponding format Var uplink 

control messages 72 is also used (i.e,., gpcji)) is only updated if the SC format is used 

and gsccii) is only updated if the CA format is used), 



WO 2011/121578 	 PCT/1B2011/051418 

..:..- 

After determining the appropriate transmission power level, wireless terminal 

20 then transmits an uplink control message 72 for the subframe to base station 32 in 

accordance with a selected format. and. using the calculated transmission power level. 

By using the described techniques to communicate the appropriate transmission 

. power level for the relevant uplink control message 72, mobile communication system 

10 can, in particular embodiments, facilitate the use of different transmission power 

levels for different control message formats but. at the same time, minimize the 

impact that transmission errors in communicating downlink control messages 70 have 

on the selection of appropriate transmission power levels. 

10 

.Dvnainie Decoding. of Uplink. Control Messages 

As noted above, particular embodiments of mobile communication system 10 

utilize dynamic decoding of feedback bits in uplink control messages 72 to improve 

decoding performance.. More specifically, partic.ular embodiments utilize knowledge 

15 of the scheduled component carriers for wireless terminal 20 to improve link 

reliability and/or reduce the transmission power requirements for uplink control 

messages 72. 

As part of this dynamic decoding scheme, base station 32 receives uplink 

control 	messages 72 from wireless terminal 	20 	that have been encoded for 

2{) transmission over the radio link between wireless terminal 2{) and base station 32. 

The following description assumes, for purposes of illustration, that wireless terminal 

20 encodes feedback information in uplink control messages 72 using a (32, 0) Reed 

Muller encoding scheme, where 0 is the number of feedback bits. 	Nonetheless, 

wireless terminal 2.0 may use any suitable encoding scheme with appropriate 

25 modification of the described decoding techniques. 	Additionally, the following 

description 	assumes, 	for 	purposes 	of illustration, 	that 	two 	feedback 	bits 	are 

transmitted. for each component carrier on which a terminal is scheduled. 	In 

alternative embodiments, the number of bits in the feedback information may vary 

depending on, for example, whether spatial bundling is employed or whether certain 

30 component carriers are configured to only be used for single-codeword transmissions. 

Thus, in particular embodiments, wireless terminal 20 encodes the feedback 

bits using the (32, 0) block code. In particular embodiments, the code word.s of this 

block code are a linear combination of the eleven (11) basis sequences denoted .M:0 
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and defined in Table 5.2.2.6.4-1 of 3GPP TS 36.212, "Multiplexing and channel 

coding.," V 9,0.0, which is incorporated herein by reference in its entirety, 	The 

encoded block is denoted by bo b,bb.,,...,bs ., where B - 32 and: 

0-1, 
bi  ....-- Y ((..) ..„• ).1 i  . )mod 2 	 Equation (2) 

r;=0 

... where i ,---- 0, 1, 2, ..., B-I. 

The encoded block may then be processed as appropriate for the relevant 

configuration of mobile communication system 10 before being transmitted by 

wireless terminal 20. 	For instance, in certain LIE embodiments, rate matching is 

10 perthrmed on the encoded bits to generate a 48-bit encoded sequence for transmission 

as part of a Discrete Fourier Transform Spread Orthogonal Frequency Division 

Multiplexed OFTS-(FDM) based. PUCC.14. 	The encoded bit sequence is then 

scrambled with cell-specific and/or symbol-dependent sequences. Two 24 bit groups 

are each assigned to a separate slot and converted into twelve quadrature phase-shift 

15 keying (QPSK) symbols, DFT precodecl, spread across five DFTS-OFDM symbols, 

and transmitted within one resource block (bandwidth) and five. DFTS-OFD.M 

symbols (time). 

Base station 32 receives the encoded feedback information as part of an uplink 

control message 72. Base station 32 then decodes the encoded feedback information 

20 using knowledge of scheduling information associated with wireless terminal 20 to 

facilitate decoding. 	To illustrate, consider an example in which base station 32 has 

scheduled two component carriers (Component Carrier 3 and Component Carrier 4) 

out of five configured component carriers for transmissions to wireless terminal 20 

during a particular subframe and in which wireless terminal 20 uses two feedback bits 

25 to report on each configured component carrier. 	Since the codebook used in this 

example would be configured to support ten feedback bits, wireless terminal 20 will 

use ten Reed. Muller bases with indices 	0, 1, 2, 3, 4, 5, 6, 7, 8, 91 to encode the five 

configured component carriers in this case. That is, a nominal (48, 10) channel code 

is used by wireless terminal 20. 

30 Because, in this example, base station 32 has not sent any assignments or 

scheduling grants 	relating 	to Component Carrier 0, 	Component Carrier 	1., 	or 



WO 2011/121578 	 PCT/1B2011/051418 

1:4 

Component Carrier 2, the ten-bit sequence of feedback bits should start with six zeros_ 

Therefore base station 32 using its knowledge of this scheduling information can 

decode an effective (48, 4) channel code using only the Reed Muller bases with 

indices {6, 7.  8, 9 . For this example, this knowledge effectively reduces the number 

. of possible codewords to search from 1024 to only 16. 	As a result, the required 

operating signal-to-noise ratio (SNR) cart be reduced, and the transmission power 

used by wireless terminal 20 in transmitting feedback information can likewise be 

reduced. 	For instance, in the case of five configured component carriers, dynamic 

decoding can reduce the necessary transmission power increase on wireless terminal 

10 20 when transmitting CA format uplink control messages 72 from 4 dB down to no 

increase in most cases and a small increase in a minority of cases. The required small 

transmission power increase for the minority cases can be added to power control 

parameters in downlink control messages 70 scheduling secondary component 

carriers to inform wireless terminal 20. 

15 Therefore, in particular embodiments of mobile communication system 10, 

base station 32 utilizes an improved maximum likelihood decoding scheme to decode 

the first order Reed-Muller-code encoded feedback information in uplink control 

messages 72 based on knowledge of the scheduling information that prompted the 

feedback information, 	In particular embodiments of mobile communication system 

2{) [0. this decoding scheme comprises a first decoding algorithm used tbr uplink control 

messages 72 that include up to six feedback bits and a second decoding algorithm 

used for uplink control messages 72 that include more than six feedback bits. 

More specifically, the first decoding algorithm provides an efficient technique 

for dynamic decoding of CA format uplink control messages 72 supporting up to six 

25 feedback bits (i.e., 0 '.: 6). 	As noted above, in particular embodiments, wireless 

terminal 20 uses an LTE (32, 0) block code related. to the first order (32, 6) Reed- 

30 

Muller code to encode feedback bits in uplink control messages 72. 	For example, 

when wireless terminal 20 encodes an uplink control message 72 for a cell 60 

supporting five configured component carriers and employing spatial bundling (Le., 

an uplink control message 72 that: includes five bits of feedback intbrmation), the LTE 

(32, 5) block code is used for forward error correction. 	A brute-force maximum 

likelihood (ML) decoding of this code would require 32.32—.1024 operations. Using 
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the lust decoding algorithm, an efficient decoding can he completed in particular 

embodiments of mobile communication system 10 in only 32,log232-,160 operations, 

In particular embodiments, this first decoding algorithm is implemented by: 

I. 	Applying the interleaving shown in Equation (3) to the received 

5 soft value sequence, rp,r1 ,t+2 ,1. ,.„ 1;;r corresponding to the LTE (32, 0) block 

code to convert the received soil: value sequence into a received vector, 

so  ,s1 , S2, S3,-.,S31  , corresponding to the first order (32,6) Reed-Muller code: 

10 

15 

s2-120, 	sie---rtii 
s,i-ri 	 sp.,,:er/1 
sic:cr.), 	 s':ro"eri-2, 

S6=r3, 	 s22=rz4, 
sr--44, 	 s,3.-----r,7 
s---,-.r,, 	 s24=r14 
Wr---r5, 	 s25,----r1  5 

20 

S169'6, 	 S26=r2S 
si le eerri, 	s:z7"eric, 
st2----r 	s-7,s.--rt7 

s 1 er9, 	 S3e--1.)9 

s15 —r24., 	s,, i,----r?,0 	Equation (3) 

25 2, 	Perform a fast Hadamard transform on the received vector 

so  , s]  , s*,,,,Y „. -, ,5? i  to obtain the transformed values hok,h2,k,,,., 1, • 

3. Find the index and the siim of the transformed value with the 

largest absolute value from a subset of the transformed values. The subset is 

determined by the set of known information bits. 

30 4. Obtain an information bit sequence estimate based on the index 

of the best transformed value and its sign. 

To illustrate this technique, consider a first example where base station 32 has 

scheduled wireless terminal 20 to use all five currently-confik.ured component 

35 carriers. 	in this case, the set of known information bits would be [ofl ----=- 101, because 

Component Carrier 5 is not configured and thus is not scheduled. Suppose the actual 

feedback hit sequence generated by wireless terminal 20 is 11, 1, 0, 0 I 1 for the five 
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confinured component carriers, indicating that wireless terminal 	20 successftilly 

received scheduled transmissions on Component Carrier 0, Component Carrier 1, and 

Component Carrier 4. 	In an embodiment using the example encoding, scheme 

described above, wireless terminal 20 would then produce a corresponding first-order 

, Reed-Muller encoded codeword 01.'11, 0, 1, 0, 1, 0, 1, 0, 0, 1, 0, 1, 0, 1, OA 1, 0, 1, 0, 

1, O., 1., 0, 0, 1, 0, 1, 0, 1, 0, 1-I and transmit the codeword to base station 32 as part of 

an uplink control message 72. 

Base station 32 receives the transmitted uplink control message 72 and may 

then perform the interleaving described by Equation (3) on the soil: value sequence 

10 corresponding to the feedback bits to generate a received vector, So ,s;  „82 .81 „ 	s'31 , 

Suppose that, because of interference and noise in the wireless communication 

channel, the received vector, .s.o ,s,,S ,S3...,S :3.3  , for this example is given by 1-0.8, 

0.5, -0.9, 0.7, -0.8, 1.4, -1,1, 0,1, 1.2, -0,3, 1.4, -1,8, 0.9, -1.4, 0.5, -1.5, -0.9, 0.7, -1.0, 

0.9, 	-1.3, 	1.1, 	-0.6, 	2,0, 0,4, 	-1.6, 	1.5, 	-1.2. 	0.3, 	-0,7, 	1,7, 	-0.81, 	The 	resulting 

15 Hadamard transformed values for this example are shown on the left-hand side of the 

fo !lowing Equation (4.): 

Positive 	Negative. 

ho 	= -1.3 -› 000000 or 100000 

11 3 	:::: 	2,3 -› 010000 or 110000 

20 h2 	": -1 .3 -> 001000 or 101000 

h3 	= -3,8 -> 011000 or 111000 

114 	-,--- 	-1,1 	-:> 	000100 or 	100100 

115 	--,---- 	3.6 	-> 010100 	or 	110100 

116 	- 	0,7 -:.-, 001.100 or 101100 

1.S /17 	-" -0,0 -'> 011100 or 	111100 

hs 	,---- 	1.3 -3-- 000010 or 100010 

ti, 	= -32.0 -:.--- 010010 or 	110010 

hai 	::: 	0.7 ->. 001010 or 	101010 

lin 	- 	3.6 -:.-, 011010 or 111010 

30 1112 	:,-- 	-2.0 	->, 000110 or 	I 00110 

43 	,---- 	0.7 	-'> 010110 or 	1101.10 
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hE4 	--- 	-0.8 	-1.-- 	001 .110 	or 	1011.1.0 

h35 	::: 	2.7 	-.> 	011110 	or 	111110 

1116 	— -2,2 -> 000001 or 100001 

ht7 	= 	3,1 	->- 010001 	or 	110001 

... 

 

h i p 	7.7 -'> 001001 or 101001 

hip 	-,---- 	-0.3 	-> 011001 	or 	111001 

112.0 	4.8 	̀:--N 000101 	or 	100101 

11,-J. 	— 	-L9 	> 010101 	or 	110101 

11,1 	= -2.1 	-> 001101 	or 	.101101 

10 11-2-3 	= 	-L3 	--=, 	011101 	or 	111101 

1-124 	-1.1. 	-> 000011 	or 	100011 

ha.5 	1.5 	--> 010011 	or 	110011 

1126 	,---- -1.4 	-> 001011 	or 	101011 

hi; 	-2.2 -> 011011 	or 	111011 

15 11-2 	-2,0 	-=, 000111 	or 	100111 

1129 	- 	-> 010111 	Or 	110111 

kit) 	,---- 	-4.2 	-> 	001111 	or 	101111 

h t 	,---- 	4,2 	-› 	011111 	or 	.111111 	Eq. (4) 

2.0 	 In Step 3, the index and the sign of the transformed value with the largest 

absolute value from a subset of the transformed. values is found. Since the set of 

known information bit is 	o, 	[1'11, the search should be limited to h, with b E -0 	1, 

2, 	3, 	4, 5, 	6. 	7. 	8, 	9, 	10, 	11, 	12, 	13, 	14, 	... 	the 	indices 	for the candidates 

corresponding to {41 ,-:: {0 -----that is, the indices for all candidates having a "0" for the 

25 	final bit. For this example, h f,,has the largest absolute value in that subset and it's sign 

is negative. 	As indicated by the right-hand side of Equation (4), each of the 

Hadamard nanstbrated values 00 is associated with a bit sequence. In the example 

embodiment, each of the transformed values is associated with a six-hit sequence that 

comprises a five-bit binary representation of the index of the relevant transformed 

30 	value (in the second through sixth bits, with the sixth bit being the most significant of 

the five-bit representation) and an additional bit (the first bit) that corresponds to the 

sign of the transformed -value (with a negative transformed value mapping to a first bit 
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of "1" and a positive transformed value mapping to a first bit of -0"), Thus, for this 

example embodiment, h, having the greatest magnitude 	and a positive value 

corresponds to a bit sequence estimate of [1 1 0 0 1 Oi for the original, unencoded 

feedback information. 	Since base station 32 knows that 105 1 = 101 in this example, 

base station 32 can determine that the estimated feedback bit sequence [1 1 0 0 1 01 

corresponds to a transmitted feedback sequence of [1 1 0 0 11, Thus, base station 32 

is able to recover the original feedback information sent by wireless terminal 20. 

Consider a second example where base station 32 schedules Component 

Carrier 0, Component Carrier I, Component Carrier 2, and Component Carrier 4. In 

10 this case, the subset of known information bits is [o,,o,]=-- [0,01, based on the fact 

that Component Carrier 3 has not been scheduled for wireless terminal 20 and 

Component Carrier 5 is not configured, Therefore, the search subset: thr Step 3 is 

limited to 	h. 	with 	h c:.-, (0, 	1, 2, 3, 	, 9. 10, 	II}, the indices for the candidate bit 

sequences for which Fig ., ,o, 1- [0,01. 

15 Consider a third example where base station 32 schedules Component Carrier 

0, Component Carrier 1, and Component Carrier 4. In this case, the subset of known 

information bus is [0 	0,,,1J:d . [0,0,01, based on the fact that Component. Carrier 2, 

Component Carrier 3, and Component Carrier 5 have not been scheduled. Therefore, 

the search subset for step 3 is limited to k, with b e 	0. 1, S, 9, II}, the indices for 

20 the candidate bit sequences for which 	(3,,11.,o.: 	-. [0,0,01, 

As noted above, particular embodiments of mobile communication system 1(1 

may utilize a second algorithm for decoding feedback bits in uplink control messages 

72 containing more than six feedback bits. 	In particular embodiments, wireless 

terminal 20 uses an LIE (32, C)) block code related to the second order (32, 16) Reed- 

25 Muller code to encode this feedback information. For example, in such embodiments, 

a CA format uplink control message 72 that provides feedback on five configured 

component carriers (without employing spatial bundling) contains ten feedback bits, 

and wireless terminal 20 uses the LIE (32,10) block code for forward error correction 

encoding. Wireless terminal 20 then transmits the encoded uplink control message 72 

30 to base station 32.  
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By utilizing the second algorithm, particular embodiments of base station 32 

may perform decoding of feedback information in such au uplink control message 72 

with substantially lower complexity. 

According to this second. algorithm, base station 32 decodes feedback bits by: 

, 1. Applying the interleaving shown in Equation (3) on the received 

soft value sequence to„ r ,t 	6,.., r;:, corresponding to the LIE (32, 0) block 

code into a received vector ,vo,si ,ss,..,s3 	corresponding to the second 

order (32,10) Reed-.Muller code. 

2. Forming a set of hypothesized sequences for 1o,,,o,,o,,o4 1. 	The 

10 hypothesized 	sequences 	may 	represent 	all 	possible 	combinations 	of 

1oo„,,o„,o,1, 	10 particular embodiments, however, base station 32 may use 

known scheduling,  information to eliminate candidates that are not possible. 

3. For each of the hypothesized sequence for I o, 0. , o.,., o, I : 

a. Multiplying the received vector so,s1 ,s,,s3,—,s;;  with 

15 the 	covering 	vector 	co, el  , c2., c:,,...,0:,1 	corresponding 	to 	the 

hypothesized sequence for [06,07 ,08 ,0,1 in the table of FIGURE 4 

to obtain a modified received vector s'o  ,s% 	s', ,s' 	...,s'31 ; 

b. Performing a fast i-ladarnard transform on the modified 

20 

, 
received vector .S` al  „ss 	,S 2  ,,S :3  ,..,,S 	1 	to obtain the transformed 

values ho ,hi ,h„h,,„,, 711 ; 

c. Finding the index and the sign of the transformed value 

with the largest absolute value from a subset of the transformed 

values. The subset is determined. by the set of known inlbrination 

bits; and 

25 d. Obtaining 	an intermediate 	information bit sequence 

estimate for the second order Reed-Muller code based on the index 

of the best transformed value and its sign. 	The absolute value of 

the transformed. value associated with the intermediate information 

bit sequence estimate is also retained as the intermediate metric; 

30 and 
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4. Obtaining, the final information bit sequence estimate from the 

intermediate information bit sequence estimate for the second order Reed- 

Muller code associated with the best intermediate metric. 

, The covering vectors referenced by Step 3(a) above comprise a representation 

of the associated hypothesis sequence that has been encoded using the same encoding 

scheme implemented on the transmitting side, possibly with additional processing to 

facilitate detection of the remaining bits. 	For example, in the embodiment described 

by the table in FIGURE 4, each hypothesized. sequence is associated with a covering 

10 vector co  , el  c, , C3 ,- ..,C3t  that represents a version of the hypothesized sequence that 

has been encoded using Equation (2) and the basis sequences associated with the bits 

addressed by the hypothesized sequence. 	Thus, for the illustrated example, an 

example in which the hypothesized sequences address bits oo., r),,,,, (..),,, and os), the 

covering vectors represent versions of the hypothesized sequences that have been 

15 encoded using Equation 1 and only the basis sequences AA  .M0, Mo, and M. 	In 

other words, each example covering 'vector is based on 	an encoding of the 

corresponding hypothesized sequence using Equation (2) for i .-- 6, 7, 8, 9. 	In the 

example embodiment described by FIGURE 4, the resulting encoded bits (/), ) are then 

additionally processed by interleaving the bits according to Equation (3) and applying 

20 a binary to bipolar mapping., under which '`0" values are mapped to "1" and "1" 

values are mapped to "-I," to produce the example covering vectors shown in the 

table of FIGURE 4. 

To illustrate how the second algorithm may be implemented by base station 32 

iii particular embodiments, consider an example where base station 32 has scheduled 

25 Component Carrier 0, Component Carrier I, and Component Carrier 3, In this case, 

the set of known informition bits would be [01 ,o„o,,o, I ::: [000,01 	Suppose the 

actual feedback bit sequence generated by wireless terminal 20 is [1, 1, 0, I, 0, 1] tbr 

the 	three 	scheduled 	component 	carriers, 	indicating, 	that 	wireless 	terminal 	20 

successfully 	received 	assignments 	or scheduling 	grants and 	the corresponding 

30 scheduled transmissions for both antennas on CCO and for one antenna on each of 

CC I and CC3. The nominal feedback bit sequence encoded by wireless terminal 20 

would then be [ I, 1, 0, 1, 0, 0, 0, 1, 0, 01, 	In an embodiment Usinp, the example 



WO 2011/121578 
	

PCT/IB2011/051418 

encoding scheme described above, wireless terminal 20 would then produce a 

corresponding second-order Reed-Muller encoded codeword of II, 0, 1, 0, 0, 1, 0, 0, 

0, 	1, 	1. 0, 	1, 0, 0, 0. 	1, 	1, 0. 0, 	1, 0, 0, 0. 0, 	1, 	1, 0, 0, 0, 	1, 01 and transmit the 

codeword to base station 32 as part of an uplink control message 72. 

, Base station 32 receives the transmitted uplink control message 72 and may 

then perform the interleaving described by Equation 2 on the soft value sequence 

corresponding to the feedback bits to generate a received vector, so  ,s1  ,s,,s..,,,_.,s,n _ 

10 

Suppose the received vector is given 1-iy so,,s t ,s2 , S3, - , S,. . i :::[-1.2, 0.2. -0.9. 1.1, 0.4, 

-0.4, 	1.6, 	1.0, 	1.2, -0,9, -1,.1, 	1.4, -1.3, 2,1, 0,9, 	1.1, -0.5, -1,0, 	1.0, 0.6, -0.9, 0.3, 	1,4, 

1.8, 0.7, -0.6, -0.4, 0,2, 0.3 1.3, -1.2. 1,31 because of interference and noise in the 

wireless communication channel. In this example, [o, oc, 1 is known to be 1(.01 as the 

fifth configured component carrier was not .scheduled. 	Thus, only four hypotheses 

need to be formed in Step 2 for Ilo,,o,..r.),,0„1. Moreover, since I o,..i.i.,11 is known to 

be [OA, the search subset for Step 3 is limited to h, with I' &-.: {0, 1, 2, 3, 4, 5.6, 7; 

15 For the hypothesis 10„o.,,,,0,1,---- 0,0,0,01., the values of the cov.eiMg vector 

are all "1" (as indicated in the table of FIGURE 4). 	Hence the modified received 

vector 	s'o  ,si l ,s'-, „s'-,, ,---,-c'3i 	is identical to the received vector so , si ,s,>  , s3 „,,,,s8 , 

The relevant Fladamard transformed values and their associated bit sequences are; 

Positive 	Negative 

20 110 -- 	9,4 -:> 	000000 	or 	10000(1 

hi 	-'-- -9_6 -> 	0.10000 	or 	110000 

h2 ,---- -10.0 --> 	001000 	or 	101000 

h3 ----,-, 	4.9 -> 	011000 	or 	111000 

114 = -10.1 	-.> 	000100 	or 	10010(1 

25 h5 = 	4.9 --> 	010100 	or 	1101(X) 

h6 = 	2.0 -> 	001100 	or 	101100 

h7 -- 	9.4 -:::, 	011100 or 	111100 	(4) 

The intermediate information bit sequence estimate for the second order Reed-Muller 

code is hence 11, 0, 0, 1, 0, 0, 0, 0, 0, 01 and the intermediate metric is 10.1. 
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For the hypothesis 	fo, , 0, os  , (. ,1 -[0,1,0,01, 	the modified received vector 

'o , 6''1, s'-y , ,sj 	,,. -, s'31 	is obtained 	from the received 	vector so,  st .., 8.2 , s3,.. , sij  . 1 	by 

flip the signs of the 3.4, 5, 10, 11, 13, 14, 15, 18, 20.  21, 22, 23, 25, 27, 31-th values. 

The relevant Hadamard transformed values and their associated hit sequences are: 

5 Positive 	Negative 

h0 - -2.3 --> 	000000 	or 	100000 

hl - 	4,5 -> 	010000 	or 	110000 

1i2 = -2.0 -> 	001000 	or 	101000 

h3 :- -2.8 -> 	011000 	or 	111000 

10 114 ::: 	0.4 -> 	000100 	at 	100100 

h5 ,;-- -30.0 -> 	010100 	or 	110101) 

116 = 	0.3 	-:-, 	001100 	or 	101100 

117 = 	3.8 -:> 	011100 	or 	111100 

The intermediate information hit sequence estimate for the second order Reed-Muller 

15 code is hence [1, 1, 0, 1, 0, 0, 0, 1, 0, Oland the intermediate metric is 30.0. 

For 	the 	'hypothesis 	[06,o,, os, o,,111,0,0,01, 	the 	relevant 	Hadamard 

transformed values and associated bit sequences are: 

Positive 	Negative 

ho  ,-,, 	8,9 -› 	000000 or 	100000 

20 bj 	- -2_0 ----- 	010000 or 	110001) 

112 	-,-- -4.7 	-1> 	001001) or 	101000 

h. 	- -7. I 	-:> 	011000 Of 	111000 

h, 	- 	4,8 -';, 	000100 or 	100100 

h; 	:::: -1.6 -.> 	010100 or 	110100 

25 116 	,- 	5,7 	-:::, 	001100 or 	101100 

117 	- 	4.6 -> 	011100 or 	111100 

The intermediate information bit sequence estimate for the second order Reed-Muller 

code is hence f0, 0, 0, 0, 0, 0, 1, 0, 0, 01 and the intermediate metric is 8,9. 
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For 	the 	hypothesis 	[o„, o,o,o,1 	— 	11,1,0,01, 	the 	relevant 	Hadamard 

transformed values and associated bit sequences are: 

Positive 	Negative 

110 — 	1.1 -> 	000000 	or 	100000 

5 bl 	:::: 	6,1 	---, 	010000 	or 	11.0000 

112 = -9.9 ..> 	001000 	or 	101000 

h3 = 	0.4 -•> 	011000 	or 	111000 

h4 = -0.7 -> 	000100 	or 	100100 

115 - -3,4 -,› 	010100 	or 	110100 

10 

15 

h6 — 40.0 -› 	001100 	or 	101100 

h7 — -4.2 -:;- 	011100 	or 	111100 

The intermediate information bit sequence estimate for the second order Reed-Muller 

code is hence 11, 0, 1, 1, 0, 0, 1, 1, 0, 01 and the intermediate metric. is 10.0, 

After cycling through all four hypothesized sequences for lo,,o„o„,o„,1 in 

this example, base station 32 determines that the best metric is 30.0 and the best 

information hit sequence estimate for the second-order Reed-Muller code is [1, 1, 0, 

1, 0, 0, 0, 	1, 0, 01, 	Discarding from the bit sequence estimates feedback bits 

corresponding 	to 	unscheduled 	component 	carriers 	(i.e., 	the 	known 	bits 

20 1o l ,o„o„o,,1 =-:_-.10,0,0„00 base station 32 produces a final estimate for the feedback 

hit sequence or [1, .1, 0, 1., 0, 11, which is consistent with the original feedback bits 

sequence transmitted by wireless terminal 20. 

For this example, a brute-force ML decoder would require 32x2F'=-2048 

operations, 	Using this second ahislrithm, particular embodiments of base station 32 

25 are able to decode the received feedback bits with tour sign-flippings and four fast 

Hadamard transforms for a total complexity of 768 operations. 	Thus, particular 

embodiments of base station 32 can decode feedback bits in C.A.format uplink control 

messages 72 using decoding techniques with substantially reduced complexity, 

FIGURE 5 shows a comparison of the operational complexity of decoding using a 

30 brute-force MI. decoding technique to that achieved when the decoding techniques 

described above are implemented in certain embodiments of mobile. communication 

system 10, 
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Thus, particular embodiments of mobile comnumication system 10 may 

employ control signaling techniques with improved reliability andlor decreased 

overhead. Additionally, particular embodiments of:  mobile communication system 10 

may reduce the operational complexity of decoding certain types of control sign aline,. 

. As a result, certain embodiments of .mobile communication system 10 may provide 

numerous operational 	benefits, 	Nonetheless, 	specific embodiments of mobile 

communication system 10 may provide some, none, or all of these benefits. 

FIGURE 6 is a block diagram illustrating in greater detail contents of a 

particular embodiment of a wireless terminal 20. 	As shown in FIGURE 6, the 

10 illustrated embodiment of wireless terminal 20 includes a processor 602, a memoty 

604, a transmitter 606, a receiver 608, and an antenna 610. 

Processor 602 may represent or include any form of processing component, 

including dedicated microprocessors, general-purpose computers, or other devices 

capable of processing electronic information, 	Examples of processor 602 include 

15 field-programmable gate arrays (FPGAs), programmable microprocessors, digital 

signal processors (DSPs), application-specific integrated circuits (Miffs), and any 

other 	suitable 	specific- 	or general-purpose processors. 	Although 	FIGURE 6 

illustrates, for the sake of simplicity, an embodiment of wireless terminal 20 that 

includes a single processor 602, wireless terminal 20 may include any number of 

2{) processors 602 configured to intemperate in any appropriate rnarmet, 

Memory 604 stores processor instructions, configuration information, power 

control parameters, format definitions, and/or any other data utilized by wireless 

terminal 20 during operation. 	Memory 604 may comprise any collection and 

arrangement of volatile or non-volatile, local or remote devices suitable for storing 

25 data, such as random access memory (RAM), read only memory (ROM), magnetic 

storage, optical storage, or any other suitable type of data storage components. 

Although shown as a single element in FIGURE 6 memory 604 may include one or 

more physical components local to or remote from wireless terminal 20, 

Antenna 610 represents any suitable conductor capable of receiving and 

30 transmitting wireless signals. 	Transmitter 606 transmits radiofrequency (RF) signals 

over antenna 610, and receiver 608 receives from antenna 610 RF certain signals 

transmitted by access network 30. Although the example embodiment in FIGU.RE 6 

includes certain numbers and configurations of antennas, receivers, and transmitters, 
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alternative embodiments of wireless terminal 20 may include any suitable number of 

these components. 	Additionally, transmitter 606, receiver 608, and/or antenna 610 

may represent, in part or in whole, the same physical components. 	For example, 

particular embodiments of wireless terminal 20 include a transceiver representing 

. both transmitter 606 and receiver 608. 

FIGURE 7 is a flowchart illustrating example operation of a particular 

embodiment of wireless terminal 20 in selecting a format for an uplink control 

message 72 to use in responding to scheduled transmissions transmitted by access 

network 30. 	The steps illustrated in FIGURE 7 may be combined, modified, or 

10 

15 

deleted where appropriate. 	Additional steps may also be added to the example 

operation. Furthermore, the described steps may be performed in any suitable order. 

In particular embodiments, wireless terminal 20 may be informed of the 

component carriers configured for within the cell 60 served by base station 32. Thus, 

in FIGURE 7, operation begins with wireless terminal 20 receiving, at step 700, 

configuration information. 	This configuration information identifies the primary 

carrier configured for cell 60 and any secondary component carriers configured for 

cell 60. 	At step 702, wireless terminal 20 stores this configuration information for 

later use. 

In this example, base station 32 transmits to wireless terminal 20 one or more 

20 downlink control messages 70 scheduling component carriers for use by wireless 

terminal 20. As explained above with respect to FIGURE :2, this scheduled use run 

involve receiving signals from base station 32 on the relevant component carrier or 

transmitting signals to base station 32 on the relevant component carrier. Base station 

32 transmits at least PCC downlink control message 70a scheduling wireless terminal 

25 20 to receive a downlink transmission on the primary component carrier. Base station 

32 may also transmit one or more SCC downlink control messages 70b-d scheduling 

wireless terminal to receive a downlink transmission on secondary component 

carriers. 

At step 704, wireless terminal 20 begins receiving downlink control messages 

30 70 from base station 32. 	step 706, wireless terminal 20 determines whether any of 

the 	successfully 	received 	downlink 	control 	messages 	70 	include 	scheduling 

information scheduling wireless terminal 20 to receive a transmission on a secondary 

component carrier. 	In particular embodiments, wireless terminal 20 may use stored 
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confit-luration inthrmation to determine whether the scheduling information of each of 

the various received downlink control messages 70 is schedul 4112 wireless terminal 20 

on the primary component carrier or a secondary component carrier. 	Based on this 

determination, wireless terminal 20 then selects a format for an uplink control 

. message 72_ In particular embodiments, wireless terminal 20 selects from between a 

first format (e,g., the CA tormat described above) that carries separate feedback 

information for each of the configured component carriers and a second format (e, g.. 

the SC format described above) that carries feedback information for the primary 

component carrier in cell 60, bat does not include separate feedback bits for any of the 

10 secondary component carriers. 

For example, in particular embodiments, wireless terminal 20 selects the 

second format (as shown at step 708) if wireless terminal 2() has only received a 

downlink 	control 	message 	70 	scheduling 	wireless 	terminal 	20 	to 	receive 	a 

transmission on the primary component carrier. 	The second format only includes 

1:5 feedback bits for a single component carrier (specifically, the primary component 

carrier). 	However, if wireless terminal 20 has received any downlink control 

messages 70 scheduling wireless terminal 20 to receive a transmission on a secondary 

carrier during, the corresponding subfrarne, then wireless terminal 20 selects the first 

format instead (as shown at step 710). 	This first format permits wireless terminal to 

2{) provide feedback bits for more than one component carrier. 

After sending the one or more downlink control messages 70 containing the 

scheduling information, base station 32 transmits the scheduled transmissions on the 

designated component carriers. At. an appropriate point in time after wireless terminal 

20 was scheduled to receive these transmissions, wireless terminal 20 provides base 

25 station 32 feedback information indicating whether the scheduled transmissions were 

successfully received. 	Thus, at step 712, wireless terminal 20 generates an uplink 

control message 72 based on the selected format. 	This uplink control message 72 

includes feedback information (e, g., one or more HARD feedback bits) associated 

with at least one component carrier. 	As noted above, this feedback information 

30 indicates whether wireless terminal 20 successfully received transmissions on the 

relevant component carrier(s) that were scheduled by any downlink control messages 

70 successfully received by wireless terminal 20, If wireless terminal 20 selected the 
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first format, the generated uplink control message 72 may include separa e feedback 

information for every component carrier configured for cell 60, 

At step 714, wireless terminal 20 transmits the generated uplink control 

message 72 to base station 32. 	In particular embodiments, when base station 32 

. schedules wireless terminal 20 to receive transmissions on secondary component 

carriers in addition to the primary component carrier but only receives an uplink 

control message 72 with feedback information for a single component carrier, base 

station 32 is configured to recognize that the component carrier associated with the 

feedback information is the primary component carrier and that wireless terminal 2.0 

10 must not have received any of the control messages 70 scheduling secondary carriers 

that 	base 	station 	32 	transmitted 	duringthe 	sub fame. 	Thus, 	in 	particular 

embodiments, base station 32 can correctly interpret the feedback information in the 

uplink control message 72 despite the tact that the received downlink control message 

70 may not include explicit feedback information for every component carrier on 

15 which base station 32 scheduled wireless terminal 20 to receive a transmission. 	The 

operation of wireless terminal 20 may then continue indefinitely or end as shown in 

FIGURE 7. 

FIGURE 8 is a flowchart illustrating example operation of a particular 

embodiment of wireless terminal 20 in determining a transmission power level to use 

2{) in transinittim, an uplink control message 72 in response to scheduling infbmiation 

transmitted by access network 30 	The steps illustrated in FIGURE 8 may be 

combined, modified, or deleted where appropriate. 	Additional steps ma also he 

added to the example operation. Furthermore, the described steps may be performed 

in any suitable order. 

25 As explained above with respect to FIGURE 2, wireless terminal 20 may, in 

particular embodiments, be informed of the component carriers configured for use 

within cell. 60, 	accordingly, in FIGURE 8, operation be tins with wireless terminal 

20 receiving, at step 800, configuration  information that identifies the primary carrier 

configured for cell 60 and any secondary component carriers configured for cell. 60. 

30 At step 802, wireless terminal 20 may store this configuration information for later 

use. 

In this example, base station 32 transmits to wireless terminal 20 one or more 

downlink control messages 70 scheduling wireless terminal 20 to receive downlink 
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transmissions an component carriers. Base station 32 transmits at least a I CC control 

message 70a scheduling wireless terminal 20 to receive a transmission on ihe primary 

component carrier that contains a first power control parameter. Base station 32 may 

also transmit one or more SCC control messages 700-d scheduling wireless terminal 

. 20 to receive transmissions on secondary component carriers. These SCC downlink 

control messages 70b-d each contain power control parameters as well, either a 

second power control 	parameter or one of multiple additional power control 

parameters. 

At step 804. wireless terminal 20 begins receiving: downlink control messages 

10 70 from base station 32. At step 806, wireless terminal 20 determines whether any or 

the 	successfully 	received 	downlink 	control 	messages 	70 	include 	scheduling 

idormation scheduling the wireless terminal to receive a transmission on a secondary 

component carrier, 	If wireless terminal 20 determines at step 806 that any of the 

successfully received downlink control messages 70 includes scheduling information 

15 scheduling wireless terminal 20 to receive a transmission on a secondary component 

carrier, then operation will proceed to step $10, 	Otherwise, at step 808, wireless 

terminal 20 will determine a transmission power level based on the First power control 

parameter included in PC.:C control message 70a tassuming the wireless terminal 20 

successfully receives PCC control message 700. 

2{) However, if wireless terminal 20 determines at step 806 that wireless terminal 

20 has successfully received at least one downlink control message 70 scheduling 

wireless terminal 20 to receive a transmission on a secondary component carrier (i.e., 

one of SCC control messages 70h-d, wireless terminal 20 determines a transmission 

power level based on one or more or the power control parameters included in the 

?-5 successfully received SCC control messages 70b-d. 	In particular embodiments, 

wireless terminal 20 may disregard the power control parameter included in PCC 

control message 70a, as shown at step 810. 	instead, wireless terminal 20 determines, 

at step 812, the transmission power level based on the second/additional power 

control parameters in the successfully received SCC. control messages 70b-d. 	As 

30 explained above, wireless terminal 20 may determine the transmission power level by 

extracting a common power control parameter included in all of SCC control 

messages 70b-d, summing a plurality of different power control parameters included 
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in the received SCC control messages 70b-d, or combining power control parameters 

from multiple received SCC control messaves 70b-d in any appropriate manner, 

At step gI4, wireless terminal .20 generates an uplink control message 72 

responding to downlink control messages 70. The generated uplink control message 

. 72 includes feedback information (e.g., HARQ feedback bits) associated with at least 

one component carrier. 	This feedback information indicates whether wireless 

terminal 20 has received a scheduled transmission on the associated carrier. 	As 

explained with respect to FIGURE 7, particular embodiments of wireless terminal 20 

may choose a format for this uplink control message 72 based on whether or not 

10 wireless terminal 20 successfully received, any of SCC control messages 70b-d. 	At 

step S16, wireless terminal 20 transmits the generated uplink control message 72 to 

base station 32 at the determined trallSilliSSiOn power level. 	Operation of wireless 

terminal 20 may then continue indefinitely or end as shown in FIGURE 8, 

FIGURE 9 is a block diagram illustrating in greater detail the contents of a 

15 particular embodiment of a network node 900 managing the transmission power of 

wireless terminal 20 in transmitting uplink control messages 72 and/or of decoding 

uplink control messages 72 transmitted by wireless terminal 20. 	Network node 900 

may represent any suitable element of access network 30 capable of providing the 

described functionality, such as base station 32 in the embodiment illustrated by 

20 FIGURE I. As shown in FIGURE 9, the example embodiment of network node 900 

includes a node processor 902, a node memory 904, and a communication interface 

906. 

Node processor 902 may represent or include any form of processing 

component, including dedicated microprocessors, general-purpose computers, or other 

25 forms of electronic circuitry capable of processing electronic information. 	Examples 

of 	node 	processor 	902 	include 	field-programmable 	gate 	arrays 	(FPG.As), 

programmable microprocessors, digital signal processors (DSPs), application-specific 

integrated circuits (ASICs), and any other suitable specific- or general-purpose 

processors. 	Although 	FIGURE 	9 	illustrates, 	for 	the 	sake 	of simplicity, 	an 

30 embodiment of network. node 900 that includes a single node processor 902, network 

node 900 may include any number of node processors 902 configured to interoperate 

in any appropriate manner. 
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Node memory 904 stores processor instructions_ carrier configurations, power 

parameters, andlor any other data utilized by network node 900 during operation. 

Node memory 904 may comprise any collection and arrangement of volatile or non-

volatile, local or remote devices suitable for storing data, such as random access 

. memory (RAM), read only memory (ROM), magnetic storage, optical storage, or any 

other suitable type of data storage components. Although shown as a single element 

in FIGURE 9, node memory 904 may include one or more physical components local 

to or remote from network node 900. 

Communication 	interface 	906 	comprises 	electronic 	circuitry 	and 	other 

10 components suitable to permit network node 900 to communicate with wireless 

terminal 20. For example, in embodiments in which network node 900 represents a 

node separate -front the radio elements of access network. 30 (e.g., a radio network 

controller) 	communication 	interface 	91)6 	may 	represent 	circuitry 	capable 	of 

communicating over a wireline connection between network node 901)  and the radio 

15 elements of access network 30. 	In such embodiments, network node 401) may use 

communication interface 906 to transmit information to radio elements (such as base 

stations 112) that are capable of communicating wirelessly with wireless terminal 20, 

As an alternative example, in embodiments in which network node 900 itself 

represents a radio element (such as an enhanced Node .B (eNodeB) in a Long Term 

20 Evolution (LTC) system), communication interface 906 may instead include circuitry 

and components capable of communicating with wireless terminal 20 over a radio 

link, such as an antenna and radiofrequency transmitter and receiver. 

FIGURE 10 is a flowchart illustrating example operation of a particular 

embodiment of network node 900 in managing the transmission power of wireless 

25 terminal 20 in transmitting uplink control messages 72. 	The steps illustrated in 

FIGURE 10 may be combined, modified, or deleted where appropriate. 	Additional 

steps may also be added to the example operation. 	Furthermore, the described steps 

may be performed in any suitable order. 

Operation begins in this example with network node 900 scheduling a wireless 

30 terminal to receive downlink transmissions on component carriers in cell 60 during a 

particular subframe at step 1000. 	For purposes of this example it is assumed that, 

during the relevant subframe, network node 900 schedules wireless terminal 20 to 
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receive transmissions on the primary component carrier and at least one of the 

secondary carriers configured for cell 60. 

In order to manage the amount of power wireless terminal 20 will use in 

confirming receipt of the downlink control messages 70. network node 900 may 

. determine, at step 1002, a first power control parameter Ibr wireless terminal 20 to use 

m transmitting uplink control messages in accordance with a ritst format that permits 

wireless terminal 20 to communicate feedback information relating to only a single 

component carrier fin this case, the primary component: carrier fix cell 60). Once the 

first power control parameter has been generated, network node 900 may generate, at 

10 step 1004, PCC control message 70a that includes the first power control parameter 

and scheduling information scheduling wireless terminal 20 a transillission on the 

priniary component carrier during the subframe. 

Because in this example network node 900 has scheduled wireless terminal 20 

to receive a transmission on a least one secondary component carrier in addition to 

15 the primary component carrier, network. node 900 also determines one or more 

additional power control parameters for the wireless terminal to use in transmitting an 

uplink control message 72 in a.ccordance with a second format al step 1006. 	This 

second uplink control message format permits wireless terminal 20 to communicate 

feedback information relating to multiple component carriers. 

2{) As noted above, base station 32 may determine the one or more .additional 

power control parameters in any appropriate mariner depending on the configuration 

and capabilities of base station 32. 	For example, in particular embodiments, base 

station 32 may determine a single power control parameter for use by wireless 

terminal 20 in responding to SCC control messages 70b-d scheduling. transmissions 

25 

30 

on secondary component carriers and may include this same power control parameter 

in all SCC control messages 70b-d. Base station 32 may determine this single power 

control parameter based on the number of component carriers configured for cell 60, 

based on the number of component carriers scheduled for wireless terminal in this 

subframe, based on the specific component carriers scheduled or configured (e,g., 

using a lookup table similar to those in FIGURES 3A-3D), andlor based on any other 

appropriate factor or consideration. 	In alternative embodiments, base station 32 may 

determine multiple different power control parameters, one for each secondary 

component 	carrier 	on 	which 	wireless 	terminal 	20 	is 	scheduled 	to 	receive 	a 
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transmission during the suhframe. 	In general, base station 32 may use any suitable 

technique to determine the one or more additional power control parameters. 

After determining the additional power control parameter(s), base station 32 

generates one or more SCC. control messages (e.g, SCC control messages 70h-d) at 

3 step 1008, one for each of the secondary component carriers on which base station 32 

has scheduled wireless terminal 20 to received transmissions during the relevant 

subframe. 	The SCC control message(s) each include the additional power control 

parameter or, if multiple are generated, one of the additional 	power control 

parameters. Base station 32 then transmits PCC control message 70a and SCC control 

10 messages 70b-d to wireless terminal 20 at step 1010. 	Operation of base station 32 

with respect to transmitting downlink control messages 70 may then terminate as 

shown in FIGURE 10. 

FIGURES 	11 and 	12 are flowcharts illustrating example operation of a 

particular embodiment of network node 900 in decoding information transmitted by 

15 wireless terminal 20. 	In particular, FIGURE 11 illustrates an example in which 

network node 900 implements the first algorithm described above on an uplink 

control message 72 carrying six or fewer feedback bits, and FIGURE 12 illustrates an 

example in which network node 900 implements the second algorithm described 

above on an uplink control message 72 carrying more than six feedback hits. Certain 

20 

25 

embodiments of network node 900 may be capable of implementing only one of the 

algorithms, while other embodiments may be capable of implementing both, 	In 

particular embodiments, network node 900 may he configured to select an appropriate 

algorithm to use based on the number ot• component carriers currently configured for 

use in cell 60, 	The steps illustrated in FIGURES 11 and 12 may he combined, 

modified, or deleted where appropriate. 	Additional steps may also be added to the 

example operation. 	Furthermore, the described steps may be performed in any 

suitable order. 

In FIGURE. 11, operation begins with network node 900 transmitting one or 

more downlink control messages 70 to wireless terminal 20 at step 1100. 	The 

30 downlink control messages 70 include scheduling information scheduling wireless 

terminal 20 to receive transmissions on a plurality of component carriers configured 

for cell 60. 	Wireless terminal 20 receives the transmitted downlink control messages 

70 and attempts to decode them. Because. network node 900 and wireless terminal 20 
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communicate over an imperfect channel, network node 900 may not receive some at 

the transmitted downlink control messages 70 at all or may be unable to decode some 

of these downlink control messages 70 because of corruption occurring during 

transmission_ 	As a result, wireless terminal 20 will respond to downlink control 

. messages 70 by generating feedback information tex., HA.RQ feedback bits in 

embodiments iinplementing LTE) indicating the component carriers 	for which 

wireless terminal 20 successfully received scheduled transmissions. 

Wireless terminal 20 then encodes the unencoded feedback information. 	For 

the example in FIGURE. 11, it is assumed that the feedback information includes six 

10 or less bits and that wireless terminal 20 encodes the feedback information using a 

first-order Reed Muller code. 	After encoding the feedback information, wireless 

terminal 20 transmits the encoded feedback information to network node 900 as part 

of an uplink control message 72 (e.g., as part of a UCI message on the PUCCII in 

embodiments implementing LTE). 

15 Network node 900 receives the transmitted uplink control message 72, which 

includes a vector of encoded information bits as shown at step 1102. 	This vector of 

encoded information bits comprises an encoded representation of the feedback 

information bits generated by wireless terminal 20, but the signal strength or the 

encoded bits may potentially have been deteriorated, as a result of transmission over 

"-.)0 the radio channel between wireless terminal 20 and network node 900. 	As a result, 

network node 900 attempts to decode the encoded feedback information and to 

detemnne the original unencoded feedback information. 	As part of this process, 

network node 900 generates a vector of transionn values by performing a tfadamard 

Transform on the received vector at step 1104. 

25 Because network node 900 bus the benefit. of knowing which component 

carriers network node 900 scheduled wireless terminal 20 on for the current subframe, 

network node 900 can use this information to eliminate certain possibilities for the bit 

combinations transmitted by wireless terminal 20, Thus, at step 1 1 06, network node 

900 identifies a subset of the transform values based on scheduling information 

30 associated with the wireless terminal 20, Each transform value reflects the likelihood 

that a feedback information bit sequence associated with that transform value was the 

original, uncncoded information bit sequence generated by wireless terminal 20. 	By 

limiting 'analysis of transform values to only those transfOnn values associated with 
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realistic candidates, particular embodiments of network node 900 can significantly 

reduce the processing resources used to determine the best estimate of the original 

feedback information. 

For example, m particular embodiments, network node 900 may store the 

scheduling information 	included in the various downlink control 	messages 	70 

transmitted to wireless terminal 20. 	This scheduling information may include an 

indication of the component carriers on which wireless terminal 20 is scheduled to 

receive transmissions, information indicating whether wireless terminal is permitted 

to transmit scheduling requests during this subframe, and'or any other appropriate 

10 information pertaining to the transmission resources wireless terminal 20 is permitted 

to use during the subframe or the manner in which wireless terminal 20 is permitted to 

use such resources. Upon receiving the encoded feedback information, network node 

900 uses the stored scheduling information to determine on which component carriers 

network node 900 did not schedule wireless terminal 20 to receive a transmission 

15 during the relevant subframe. 	Because network node 900 does not transmit any 

scheduling information to wireless terminal 20 for component carriers on which 

network node 900 did not schedule wireless terminal 20 to receive a transmission, 

network node 900 can safely assume in particular embodiments that the original 

feedback information generated by wireless terminal 20 did not indicate receipt of 

20 scheduling information for any such component carriers_ 	Based on this assumption, 

network node 900 can form the subset by eliminating possible candidates for the 

original, unencoded feedback information that would indicate wireless terminal 20 did 

receive scheduling information for unscheduled component carriers. 

25 

At step 1108, network node 900 selects, from the subset of transform values, 

one of the transform values based on a magnitude of the selected transform value. 

Accordingly, network node 900 may then determine an estimate of the original, 

unencoded feedback information based on a bit: sequence associated with the selected 

transform value at step 	1110, 	For example, in particular embodiments, each 

transformed value in the vector of transform values is associated with two potential 

30 candidates for the original, unencoded feedback information, and network node 900 

selects one of those candidates based on a sign (i, 	, positive or negative) of the 

transformed value. 
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After decoding the original information hits, network node 900 may take 

appropriate actions based on the decoded information. 	For instance, if the decoded 

information 	indicates 	that wireless terminal 	20 did 	not 	successfully receive 	a 

transmission 	scheduled 	for certain component carriers 	that network 	node 900 

scheduled for wireless terminal 20, network node 900 may, depending on the 

circumstances, decide to re-schedule some or all of the downlink transmissions,. The 

relevant downlink transmissions may be selected based, in some manner, on the 

decoded feedback bits. Once network node 900 has completed decoding the original 

infOrmation bUs, operation of network node 900 may end as indicated in FIGURE 11. 

10 FIGURE. 12 illustrates example operation of an embodiment of network node 

900 in which network node 900 applies a second algorithm to decode the received 

feedback information. 	When the original, unencoded feedback information, includes 

more than six bits, it: may be more efficient for network node 900 to apply a similar 

technique to that described above for six bits of the encoded feedback information but 

15 to test hypotheses for the remaining bits, 	As a result, FIGURE 12 illustrates an 

example operation for an embodiment of network node 900 configured to do this. 

Operation in this example begins at step 	1200 with network node 900 

transmitting one or more downlink control messages 70 to wireless terminal 20. 

Operation proceeds in a similar manner to that described above with network node 

2{) 900 receiving an uplink control message 72 transmitted by wireless terminal 20 that 

contains a vector of encoded information hits at step 120:2. 

At step 1204, network node 900 determines a plurality of hypothesized 

sequences corresponding to a first group of the unencoded feedback bits. In particular 

embodiments, the number of unencoded feedback bits in this first group is equal to 

25 the amount by which the original information bit sequence exceeds six bits. 	For 

example, if the original, unencoded feedback information included ten bits, network 

900 	determine 	 for the 	bits—that is, node 	would 	every possible combination 	remaining 

every possible 4-hit sequence. 	However, if network node 900 knows that certain 

combinations 	are not possible based on 	the scheduling 	information originally 

30 transmitted to wireless terminal 20, network node 900 may be able to eliminate 

certain sequences. 	For exawle, if network node 900 did not schedule component 

carriers associated with the final two bits of the ten bits of feedback information, 

network node 900 may he able to eliminate the 4-bit sequences that do not have zeros 
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(or the predetermine 	value indicatinii non-receipt) for the relevant bits as possible 

candidates. 

After determining the possible hypothesized sequences for the bits in the first 

group, network node 900 multiplies the received vector by a covering vector 

. associated with  each possible hypothesized sequence -to generate a modified received 

vector for each hypothesized sequence (Of bits in the first group) at step 1206. At step 

1208, network node 900 performs a Hadamard Transform on each of the modified 

received vectors to obtain a transformed. vector associated with each possible 

hypothesized. sequence (of bits in the first group). Additionally, each of -the transform 

10 values is associated with one or more bit sequence estimates for the second group of 

hits in the unencoded feedback information. This second :noun includes the hit of the 

unencoded feedback information that are not included in the first group (for purposes 

of this example, the second group includes the. first six bits of the unencoded feedback 

information). 

15 Network node 900 then identifies a subset of the transform values in all of the 

transform vectors based on the known scheduling information for wireless terminal 20 

at step 1210 	in particular embodiments, network node 900 may farm the subgroup of 

transformed values by eliminating those transformed values associated with estimates 

(of the second group of original information hits) that would indicate wireless 

20 terminal received scheduling information for component carriers on which network.  

node 900 did not schedule wireless terminal 20 to receive a transmission. 	For 

example, if the second group of bits included information about Component Carrier 0, 

Component Carrier 1, and Component Carrier 2, and network node 900 did not 

schedule wireless terminal 20 to receive any transmissions on Component Carrier I 

75 this subframe, network node 900 would identify the subgroup by eliminating from 

consideration all transform values associated with estimates for the second group of 

bits that would indicate that wireless terminal 20 received scheduling information for 

Component Carrier 1, 

Network node 900 then selects from the identified subset of transform values a 

30 transform value based on a magnitude of the selected transform value at step 1212. 

For example, in particular embodiments, each transform value reflects the likelihood 

that one of the associated bit sequence estimates correctly identifies the second group 

of bits in the original feedback information. In such embodiments, network node 900 
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selects, from the identified subset of transfomi values, the transform value with the 

greatest magnitude. 	Network node 900 may do this by directly identifying the 

transform value with the overall greatest magnitude. Alternatively, network node 900 

may do this iteratively by identifying intermediate "best" values representing the 

transform value with the greatest magnitude for each transform vector and then 

selecting the greatest from among the intermediate values for each transform vector. 

At step 1214, network node 900 determines an estimate of the unencoded 

feedback information. 	In particular embodiments, this estimate is formed from an 

estimate of the first group of unencoded feedback bits and an estimate of the second 

10 group of unencoded feedback bits. 	The estimate of the first group of unencoded 

feedback hits is determined based on the hypothesized sequence associated with the 

modified vector that was used to generate the selected transform value. The estimate 

of the second group of unencoded feedback information is a selected one of the bit 

sequence estimates associated with the selected transform value, 	For example, in 

15 particular embodiments, each transform value is associated with two bit sequence 

estimates for the second group and network node 900 selects one of the two bit 

sequence estimates based on a sign of the selected transform value. 

After completing the decoding, network node 900 may take appropriate 

actions based on 	the decoded 	information. 	For example, 	depending on 	the 

20 

- 

circumstances, network node 900 may decide to retransmit ceitain downlink control 

messages 70 selected in some manner based on the decoded information. Operation 

of network node 900 may end with respect to decoding the received information as 

indicated in FIGURE. 12. 

Although the present invention has been described with several embodiments, 

a myriad of changes, variations, alterations, transformations, and modifications may 

be suggested to one skilled in the art, and it is intended that the present invention 

encompass such changes, variations, alterations, transformations, and modifications as 

'fall within the scope of Me appended claims. 



WO 2011/121578 
	

PCT/IB2011/051418 

48 

WHAT IS CLAIMED IS: 

I. 	A method of operating a wireless COMMUlliCR6031 terminal (20) that is 

capable of communicating with a base station (32) over a primary carrier and at least 

one secondary carrier, the method comprising: 

. receiving, at a wireless terminal (20), one or more downlink control messages 

(70) transmitted by a base station (32). wherein each downlink control message (70) 

contains scheduling information scheduling the wireless terminal (20) to receive a 

downlink transmission on either a primary carrier or a secondary carrier during a first 

su b frame; 

10 determining, for each of the one or more downlink control messanes (70), 

whether 	that 	downlink 	control 	message 	(70) 	includes 	scheduling 	information 

scheduling the wireless terminal (20) to receive a downlink transmission on the 

primary carrier or a downlink transmission on a secondary carrier; 

selecting a format for an uplink control message (72) based on whether any of 

.15 the one or more downlink control. messages (70) includes scheduling information 

scheduling the wireless terminal (20) to receive a downlink transmission on a 

secondary carrier; 

generating an uplink control message (72) based on the selected format, 

wherein the uplink control message (72) includes feedback information associated 

2{) with at least one carrier, the feedback information indicating whether the wireless 

terminal (20) has received a downlink transmission scheduled for the associated 

carrier; and 

transmitting the uplink control message (72) to the base station (34). 

25 2 	The method of Claim 1, wherein generating an uplink control message 

(72) comprises generating an uplink control message (72) that includes a scheduling 

request requesting that the wireless terminal (20) be scheduled to transmit data to the 

base station (32). 
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3. The method of Claim I , wherein the base station (32) is confirnired to 

permit communication with the wireless terminal (20) using the primary carrier and a 

plurality of secondary carriers, and wherein selecting the format for the uplink control 

message (72) comprises: 

, determining that at least one of the downlink control messages (70) includes 

scheduling information scheduling the wireless terminal (20) to receive a downlink 

transmission on a secondary carrier; and 

in response to determining that at least one of the downlink control messages 

(70) includes scheduling information scheduling the wireless terminal (20) to receive 

10 a downlink transmission on a secondary carrier, selecting a first format for the uplink 

control message (72), wherein the first format includes at least one feedback hit 

associated with each of the configured carriers. 

4. The method of Claim I. wherein: 

15 the base station (32) is configured to permit communication with the wireless 

terminal (20) using the primary carrier and a plurality of secondary carriers; 

receiving one or more downlink control messages (70) comprises receiving 

only a single downlink control message (70) for the first subframe; and 

selecting a format for an uplink control message (72) comprises: 

2{) determining that the only received downlink control message (70) 

includes scheduling infOrmation scheduling the wireless terminal (20) to 

receive a downlink transmission on the primary carrier: and 

in response to determining that the only received downlink control 

message (70) includes scheduling information scheduling the wireless terminal 

75 (20) to receive a downlink transmission on the primary carrier, selecting a 

second format for the uplink control message (72), wherein the second format 

includes feedback information associated with the primary carrier, but does 

not include feedback information associated with any of the secondary 

carriers. 

30 
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5. 	method of Claim 1, further comprising; 

receiving configuration information for the base station (;>2).wherein the 

configuration information identifies a primary carrier associated with the base station 

(32) and identifies a plurality of secondary carriers associated with the base station 

(3 	, and 

storing the configuration 	information at the wireless terminal (20), 	and 

wherein determining whether a downlink control message (70) includes scheduling 

inform.ation scheduling the wireless terminal (20) to receive a downlink transmission 

on the primary carrier or a downlink transmission on a secondary carrier comprises 

10 determining, based on the stored configuration information, whether scheduling 

information included in the downlink control message (70) is associated with the 

primary carrier or one of the secondary carriers, 

. 	The method of Claim 1,, wherein receiving one or more downlink 

I5 control messages (70) transmitted by a base station (32) comprises receiving one or 

more Downlink Control Information, DCI, messages transmitted by the base station 

(32) over a Physical Downlink Control channel, PDC0-1-, and 

transmitting the uplink control message (72) comprises transmittitiV an uplink 

control information, UCI, message over a Physical Uplink Control Channel, PUCCH. 

'7)0 

i. 	A method of operating a wireless communication terminal that is 

capable of communicating with a base station (32) over a primary carrier and at least 

one secondary carrier, the method comprising: 

receiving, at a wireless terminal (20), one or more downlink control messages 

25 (70) transmitted by a base station (32), wherein each downlink control message (70) 

contains scheduling information scheduling the wireless terminal (20) to receive a 

downlink transmission on either a primary carrier or a secondary carrier during a first 

subframe and wherein each, downlink control message (70) contains a. power control 

parameter; 

:30 determining, for each of the one or more downlink control messages (70), 

whether 	that downlink 	control 	message 	(70) 	includes 	scheduling 	information 

scheduling the wireless terminal (20) to receive a downlink transmission on the 

primary carrier or a downlink transmission on a secondary carrier; 
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determining a transmission power level for an uplink control message (72) 

based on whether any of the one or more downlink control messages (70) includes 

scheduling 'information scheduling the wireless terminal (20) to receive a downlink 

transmission On a secondary carrier, 

generating an uplink control Inessafle (72), wherein the uplink control message 

(72) includes feedback information associated with at least one carrier, the feedback 

information indicating whether the wireless terminal (20) has received a downlink 

transmission scheduled for the associated carrier; and 

transmitting the uplink control message (72) to the base station (32) at the 

10 determined transmission power level. 

8. 'The method of Claim 7, wherein generating an uplink control message 

(72) comprises generating an uplink control message (72) that includes a scheduling 

request requesting that the wireless terminal (20) be scheduled to transmit data to the 

15 base station (32). 

9. The method of Claim 7, wherein receivin2 the one or more downlink 

con.trcil messau 	(70) comprises: 

receiving fl first downlink control message (70) scheduling the wireless 

20 terrninal (20) to receive a downlink transmission on the primary carrier during the 

first subirame, wherein the first downlink control message (70) includes a first power 

control parameter; and 

receiving one or more additional downlink control messages (70) scheduling, 

the wireless terminal (20) to receive downlink transmissions on secondary carriers 

25 during the first subirame, wherein the one or more additional downlink control 

messages (70) include one or more additional power control parameters; and wherein 

determining the transmission power level 	for the uplink control message (72) 

comprises: 

determining that at least one received downlink control message (70) 

30 includes scheduling information scheduling the wireless terminal (20) to 

receive a downlink transmission on a secondary carrier during, the first 

subframe; and 
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in response to determining that at least one of the received downlink 

control messages (70) includes scheduling information scheduling a downlnik 

transmission on a secondary carrier: 

disregarding the first power control parameter; and 

. determining the transmission power level for the uplink control 

message (72) based on the one or more additional power control 

parameters. 

10. The method of. Claim 9, wherein: 

10 'receiving 	the 	one 	or 	more 	additional 	downlink 	control 	messages 	(70) 

comprises receiving a plurality of additional downlink control messages (70), wherein 

the additional downlink control messages (70) all include a second power control 

parameter; and 

determining the transmission power level for the uplink control message (72) 

15 comprises determining the transmission power level based on the second, power 

control parameter. 

11. The method of Claim 9, wherein: 

receiving 	the 	one or 	more 	additional 	downlink 	control 	messages 	(70) 

20 comprises receiving a plurality of additional downlink control messages (70) that 

include a plurality of additional power control parameters; and 

determining the transmission power level for the uplink control message ( i.._ 

comprises determining the transmission power level based on a sum of the plurality of 

additional power control parameters. 

75 

12. The method of Claim 9. wherein: 

receiving the one or 	more additional 	downlink 	control 	messages 	(70) 

comprises 	receiving a plurality 	of additional 	downlink 	control 	messages 	(70) 

including a plurality of additional power control parameters; and 

30 determining the transmission power level for the uplink control message (72) 

comprises determining the transmission power level based on a weighted sum of the 

plurality of additional power control parameters. 
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13. 'The method of Claim 7, wherein receiving one or more downlink 

control messages (70) transmitted by a base station (32) comprises receiving one or 

more Downlink  Control Information, DC1, messages transmitted by the base station 

(32) over a Physical Downlink Control CHannel. PDCCH; and 

... transmitting the uplink control message (72) comprises transmitting an uplink 

control 'information, UCI, message over a Physical Uplink Control Manuel, PUCCH. 

14. A method of operating a network node in an access network, wherein 

the access network is capable of communicating with a wireless terminal (20) over a 

10 primary carrier and at least one secondary carrier, the method comprising: 

scheduling a wireless terminal (20) to receive downlink transmissions on a 

primary carrier and one Or more secondary carriers; 

determining a first power control parameter for the wireless terminal (20) to 

use in transmitting an uplink control message (72) in accordance with a first format; 

15 generating a first downlink control message (70) that includes the first power 

control parameter and scheduling information scheduling the wireless terminal (20) to 

receive a downlink  transmission on the primary carrier; 

determining one or more additional power control parameters for the wireless 

terminal (20) to use in transmitting an uplink control message (72) in accordance with 

20 a second format 

generating one or more additional downlink control messages (70) that include 

the one or more additional power control parameters and scheduling information 

scheduling the wireless terminal (20) to receive downlink transmissions on secondary 

carriers; and 

25 transmitting the first downlink control messages (70) and the one or more 

additional downlink control messages (70) to the wireless terminal (20). 

15. The method of Claim 14, wherein determining the o le or more 

additional power control parameters comprises: 

30 determining a transmission power level .for the wireless terminal (20) to use in 

transmitting an uplink message in accordance with the second format; and 

calculating a second power control parameter based on the transmission power 

level 
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16. The method of Claim 14. wherein determining the one or more 

additional power control parameters comprises: 

d.etetmining, a transmission power level for the wireless terminal (20) to use in  

transmitting an uplink message in accordance with the second format; and 

„ calculating a second power control parameter by dividing the transmission 

power level by a total number of carriers on which the wireless terminal (20) is 

scheduled to receive a downlink transmission. 

17. The method of Claim 14. wherein determining the one or more 

10 additional power controlimmmeters comprises: 

determining a transmission power level for the wireless terminal (20) to use in 

transmitting an uplink message in accordance with the second format; and 

calculating a plurality of additional power control parameters, wherein a sum 

of the additional power control parameters is equal to the transmission power level 

.15 and wherein each of the additional power control parameters is associated with a 

particular secondary carrier on which the wireless terminal (20) is scheduled to 

receive a downlink transmission during the first subframe, and wherein generating 

one or more additional downlink control messages (70) comprises generating one or 

more additional downlink control messages (70) that each 	include 	scheduling 

2{) information scheduling the wireless terminal (20) to receive a downlink transmission 

on a secondary carrier and an additional power control parameter associated with the 

respective secondary carrier. 

18, 	The method of Claim 14, wherein: 

75 the network node is configured to permit communication with the wireless 

terminal (20) using the primary carrier and. a plurality of secondary carriers, and 

wherein 

scheduling 	the wireless terminal (20) comprises scheduling the wireless 

terminal (20) to receive downlink transmissions on the primary carrier and a subset of 

30 the plurality of secondary carriers; and 

determining the one or more additional power control parameters comprises 

determining a second power control parameter based on the subset of secondary 



WO 2011/121578 	 PCT/1B2011/051418 

55 

carriers on 	which the wireless terminal (20) is scheduled to receive downlink 

transmissions. 

	

19 	'The method of Claim 14, wherein determining the one or more 

	

additional 	power control parameters 	for 	the wireless 	terminal 	(20) comprises 

determining the one or more additional power control parameters based on whether 

the wireless terminal (20) is configured to transmit a single feedback bit or more than 

one feedback bit for each carrier for which the wireless terminal (20) receives 

scheduling information. 

10 

2(Y 	A wireless communication apparatus (20), comprising: 

a receiver (608) operable to receive one or more downlink control messages 

(70) transmitted by a base station 32.), wherein each downlink control message (70) 

contains scheduling information scheduling the wireless terminal (20) to receive a 

15 downlink transmission on either a primary carrier or a secondary carrier during a first 

su bframe; 

a processor (602) operable to: 

determine, for each of the one or more downlink control messages 

(70), 	whether that 	downlink 	control 	message 	(70) 	includes 	scheduling 

2{) information scheduling the wireless terminal (20) to receive a downlink 

transmission on the primary carrier or a downlink transmission on a secondary 

carrier: 

select a format for an uplink'.ontrol message (.74) based on whether 

any off the one or more downlink control messages (70) includes scheduling 

25 information scheduling the wireless terminal (20) to receive a downlink 

transmission on a secondary carrier during the first subframe; and 

generate an uplink control message (72) based on the selected format, 

wherein the uplink control message (72) includes feedback information 

associated with at least One carrier, the feedback 	6db/illation 	indicating 

30 whether the wireless terminal (20) has received a downlink transmission 

scheduled for the associated carrier: and 

a transmitter (606) operable to transmit the uplink control message (72) to the 

base station (32), 
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21. The apparatus of Claim 20, wherein the processor (602) is operable to 

generate an uplink control message C2) by generating an uplink control message (72) 

that includes a scheduling request requesting that the wireless terminal (20) be 

, scheduled to transmit data to the base station (32). 

22. The apparatus of Claim 20. wherein the processor (602) is operable to 

select the format the the uplink control message (72) by: 

determining, that at least one of the downlink control messages (70) includes 

10 scheduling information scheduling the wireless terminal (20) to receive a downlink 

transmission on a secondary carrier; and 

in response to determining that at least one of the downlink control messages 

(70) includes scheduling information scheduling the wireless terminal (20) to receive 

a downlink transmission on a secondary carrier, selecting a first format for the uplink 

15 control message (72), wherein the first format includes at least one feedback bit 

associated with each of a plurality of configured carriers on which the base station 

(32) is ccinfigured to permit communication with the wireless terminal (20), wherein  

the plurality of configured carriers includes the primary carrier and a plurality of 

secondary carriers. 

2{) 

23. The apparatus of Claim 20, wherein: 

the receiver (60) is operable to receive one or more downlink control 

messages (70) by receiving only a single downlink control message (70) for the first 

SUbftatIle; and 

25 the processor (602) is operable to select a format for an uplink control 

message (72) by: 

determining that the only received downlink control message (70) 

includes scheduling information scheduling the wireless terminal (20) to 

receive a downlink transmission on the primary carrier and 

30 in response to determining, that the only received downlink control 

message (70) includes scheduling information scheduling the wifeless terminal 

(20) to receive a downlink transmission on the primary carrier, selecting a 

second format for the uplink control message (72), wherein the second format 
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includes feedback information associated with the primary carrier, but does 

not include 	feedback information associated with any of a plurality of 

secondary 	carriers 	the 	base 	station 	(3.2) 	is 	configured 	to 	use 	for 

communication with the wireless terminal (20). 

... 

24. The apparatus of Claim 20, wherein: 

the receiver (608) is further operable to receive configuration information 

identifying a primary carrier associated with the base station (32) and a plurality-   of 

secondary carriers associated with the base station (32).. 

10 the apparatus further comprises memory operable to store the configuration 

inlbrmation; and 

the processor (602) is operable to determine whether a downlink control 

message (70) includes scheduling, information scheduling the wireless terminal (20) to 

receive a downlink transmission on the primary carrier or a downlink transmission on 

.15 a secondary carrier by determining, based on the stored configuration information, 

whether scheduling information included in the downlink control message (70) is 

associated with the primary carrier or one of the secondary carriers. 

25. The apparatus of Claim 20, wherein: 

2{) the receiver (608) is operable to receive one or more downlink control 

messages (70) transmitted by a base station (32) by receiving one or more Downlink 

Control Information, DCI, messages transmitted by the base station (32.) over a 

Physical Downlink Control Channel, PDCCIL. and 

the transmitter (606) is operable to transmit the uplink control message (72) by 

25 transmitting an uplink control information, UCI, message over a Physical Uplink 

Control Cliannel, PUCCII. 

26. A wireless communication apparatus (20), comprising:  

a receiver (608) operable to receive one or more downlink control messages 

30 (70) transmitted by a base station (32), wherein each downlink control message (700 

contains scheduling information schedulin g fhe wireless terminal (20) to receive a 

downlink transmission on either a primary carrier or a secondary carrier during a first 



WO 2011/121578 	 PCT/1B2011/051418 

58 

subframe and wherein each down.l:ink control message (70) contains a power control 

parameter; 

a processor (602) operable to: 

determine, for each of the one or more downlink control messages 

. (70), 	whether that 	downlink 	control 	message 	(70) 	includes 	scheduling 

information scheduling, the wireless terminal (20) to receive a downlink 

transmission on the primary carder or a downlink transmission on a secondary 

carrier; 

determine a transmission power level for an uplink control message 

10 (72.) based on whether any of the one or more downlink control messages (70) 

includes scheduling information scheduling the wireless terminal (20) to 

receive a downlink transmission on a secondary carrier during the first 

SU bframe; and 

uenerate an uplink control message (72), wherein the uplink control 

15 message (72) includes feedback information associated with at least one 

carder, the feedback information indicating whether the wireless terminal (20) 

has 'received a downlink transmission scheduled for the associated carrier; and 

a transmitter (606) operable to transmit the uplink control message (72) to the 

base station (32) at the determined transmission power level. 

2{) 

27. The apparatus of Claim 26, wherein the processor (602) is operable to 

generate an uplink control message (72) by generating an uplink control message (72) 

that includes a scheduling request requesting that the wireless terminal (20) be 

scheduled to transmit data to the base station (32). 

75 

28. The apparatus of Claim 26, wherein the receiver (608) is operable to 

receive the one or more downlink control messages (70) by: 

receiving a first downlink control message (70) scheduling the wireless 

terminal (20) to receive a downlink transinission on the primary carrier during the 

30 first subframe, wherein the first downlink control message (70) includes a first power 

control parameter; and 

receiving one or more additional downlink control messages (70) scheduling 

the wireless terminal (20 	to receive downlink transmissions on secondary carriers 
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during the first subframe.:  wherein the one or more additional downlink control 

messages (70) include one or more additional power control parameters; and wherein 

the processor (602) is operable to determine the transmission power level for the 

uplink control message (72) by: 

. determining that at least one received downlink control Message (70) includes 

scheduling information scheduling the wireless terminal (20) to receive a downlink 

transmission on a secondary carrier during the first sub tame; and 

in response to determining that at least one of the received downlink control 

messages (70) includes scheduling informationinformation scheduling a downlink transmission 

10 on a secondary carrier: 

disregarding the first power control parameter; and 

determining the transmission power level for the uplink control 

message (72) based on the one or more additional power control parameters. 

15 29. 	The apparatus of Claim 28, wherein: 

the receiver (608) is operable to receive the one or more additional downlink 

control 	messages (70) 	by 	receiving a plurality of additional 	downlink 	control 

messages (70), wherein the additional downlink control messages (70) all include a. 

second power control parameter; and 

'.)0 the processor (602) is operable to determine the transmission power level for 

the uplink control message (72) by determining the transmission power level based on 

the second power control parameter. 

30, The apparatus of Claim 28, wherein: 

25 the receiver (608) is operable to receive the one or more additional downlink 

control 	messages (70) by receiving a plurality of additional 	downlink control 

messages (70) that include a plurality of additional power control parameters; and 

the processor (602) is operable to determine the transmission power level for 

the uplink control message (72) by determining the transmission power level based. on 

30 a sum of the plurality of additional power control. parameters. 

31, The apparatus of Claim 28, wherein: 
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the receiver (608) is operable to receive the one or more additional downlink 

control messages (70) 	by 	receiving a plurality of additional 	downlink control 

messages (70) that include a plurality of additional power control parameters; and 

the processor (602) is operable to determine the transmission power level for 

. the uplink control message (72) by determining the transmission power level based on 

a weighted sum of the plurality of additional power control parameters, 

32. The apparatus of Claim 26, wherein the receiver (608) is operable to 

receive one or more downlink control messages (70) transmitted by a base station (32) 

10 by receiving one or more Downlink Control Information, DCI, messages transmitted 

by the base station (32) over a Physical .Downlink Control Channel, PDCCH; and 

the transmitter (606) is operable to transmit the uplink control message (72) by 

transmitting an uplink control information, UCI, message over a Physical Uplink 

Control Channel, PUCCI{ 

15 

33. A network node (900) for operation in an access network (30) in which 

the access network (30) is capable of communicating with a wireless terminal (20) 

over a primary carrier and at least one secondary carrier, the node comprising: 

a processor (902) operable to: 

2{) schedule a wireless terminal (20) to receive downlink transmissions on 

a primary carrier and one or more secondary carriers; 

determine a first power control parameter for the wireless terminal (20) 

to use in transmitting an uplink control message (72) in accordance with a first 

format; 

25 generate a first downlink control message (70) that includes the first 

power control parameter and scheduling information scheduling the wireless 

terminal (20) to receive 3 downlink transmission on the primary carrier; 

determine one or more additional power control parameters for the 

wireless terminal (20) to use in transmitting an uplink control message (72) in 

30 accordance with a second format; 

generate one or more additional downlink control messages (70) that 

include the one or more additional power control parameters and scheduling 
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information 	scheduling the 	wireless 	terminal 	(20) 	to 	receive 	downlink 

transmissions on secondary carriers; and 

a transmitter (906) operable to transmit the first downlink control messages 

(70) and the one or more additional downlink control messages (70) to the wireless 

, terminal (20). 

34. The network node of Claim 33. wherein the processor (902) is operable 

to determine the one or more additional power control parameters by: 

determining a transmission power level for the wireless terminal (20. to use in 

10 transmitting an uplink message in accordance with the second format; and 

calculating a second power control parameter based on the transmission power 

level. 

35. The network node of Claim 33, wherein the processor (902) is operable 

15 to determine the one or more additional power control parameters by: 

deterntinina, a transmission power level for the wireless terminal (20) to use in 

transmitting an uplink message in accordance with the second format; and 

calculating a second power control parameter by dividing the transmission 

power level by a total number of carriers on which the wireless terminal (20) is 

20 scheduled to receive downlink transmissions. 

36. The network node of Claim 33, wherein the processor (902) is operable 

to determine the one or more additional power control parameters by: 

determining a transmission power level for the wireless terminal (20) to use in 

25 transmitting an uplink message in accordance with the second format; and 

calculating a plurality of additional power control parameters, wherein a sum 

of the additional power control parameters is equal to the transmission power level 

and wherein each of the additional power control parameters is associated with a 

particular secondary carrier on which the wireless terminal (20) is scheduled to 

30 receive a downlink transmission during the first subframe, and wherein generating 

one or more additional downlink control messages (70) comprises generating one or 

more additional downlink control 	messages (70) that each 	include 	scheduling 

information scheduling the wireless terminal (20) to receive a downlink transmission 



WO 2011/121578 	 PCT/1B2011/051418 

62 

on a secondary carrier and an additional power control parameter associated with the 

respective secondary carrier. 

37 	The network node of (71aini 33, wherein the processor (902) is operable 

. to: 

schedule the wireless terminal (20) by scheduling the wireless terminal (20) to 

receive downlink transmissions on the primary carrier and a subset of a plurality of 

secondary carriers associated with the network node, and 

determine the one or more additional power control parameters by determining 

10 a second power control parameter based on the subset of secondary can-iers on which 

the wireless terminal (20) is scheduled to receive downlink transmissions.  

38. 	The network node of Claim 33, wherein the processor (902) is operable 

to determine the one or more additional power control parameters for the wireless 

15 terminal (20) by determining the one or more additional power control parameters 

based on whether the wireless terminal (20) is configured to transmit a single 

feedback bit or more than one feedback bit for each carrier for which the wireless 

terminal (20) receives scheduling information. 


