WO 2011/121578 PCT/IB2011/051418

10

20

o]
X

SYSTEM AND METHOD FOR SIGNALING CONTROL
INFORMATION IN A MOBILE COMMUNICATION NETWORK

PRIORITY CLAIM UNDER 33 US.C. 8§ 118(8)
This appheation claims the benefit of 0.8, Provisional Application No.

61/320,167, filed Apnl 1. 2010, entitfed “TPC Command Transmission in Carrier
Aggregation,” and U.S. Provisional Application No. 617322190, fited April 8, 2010,
entitled “Efficient Decoding Methods and Apparatus tor 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 refates in general to wireless communication and, more

particularly, to managing the transmission power of 3 mobile terminal.

BACKGROUND OF THE INVENTION

Modern mobile comnumication nebhworks face an ever increasimyg demand for

high-bandwidth commumication services under a wide variety of radic conditions.
Some compunication technologies have responded 1o this need by utilizing an
expanded radiofrequency spectrum. For example, Release 8§ of the 3GPP Long Term
Evolutton (LTE)} standard utihized a 20-MHz bandwidth for carrier signals. but
Release 10 15 expected to utilize a spectrum of 100-M¥Hz or more.

Becanse backwards compatibility is often a requirement lov mobile
commraication networks, networks supporting use of expanded spectrums are oflen
required to support legacy devices incapable of recognizing or aiilizing their larger
bandwidth, The need to support terminals having a range of different capabilities
creates signiffcant difficulues in masaging resource ase in such networks. To
facititate use of expanded carsier spectrums while still maintaining backwards
compatibility, certain communication technologies, such as LTE, utihze a “carrier
aggregation” scheme.  Under such a scheme, a legacy terminal that is incapable of
using the entirety of the expanded carrier specttum will recognmize the expanded

spectrum as multiple separate carrier spectrums, referred 1o as “Component Carriers”
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{CCs) that wre each sized o [ the capabilities of the Jegacy termunal. Meanwhile
current-generation terminals will be able w0 uiilize a larger carrer spectrum by
agoregating multiple CCs.

However, use of multiple separate carrier spectrums can  significantly
complicate coufiguration and management of networks. For example, if the vetwork
attempts o notify & mobile device over a non-ideal vadio chansel 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 procedares for a device (o request retransmission of information
that was not successfully received, it may be difficult or impossible for a device 10
determine that It has not received scheduling infornmation if the device is wncertain
what scheduling information o expect  Furthermore, while the device could simply
veport on all the scheduling information it receives, and thereby permit the network to
deternune by deduction what scheduling information the device did not receive, g
sienificant amount of the network’s fransmission resource would be used up
wmecessarily on such signaling when the mobile device saccessfully recetves alt the
scheduling nformation.  Thus, finding an effective scheme for communicating
information abowt the scheduling of component carders—one that can accommodate
and adapt o wansomssion errors—can be critical o performance in networks that
support carrier aggregation.

b=

SUMMARY OF THE INVENTION

In accordance with the present disclosure, certain disadvantages and problems
associated with mobile communication have been substantially reduced or eliminated.
In particular, certain devices gnd techniques for providing mobile teleconununication
service ave described.

In accordance with one embodiment of the present disclosure, a method of
operating a wireless conmnunication terminal includes receiving dowslink conirol
messages (hat contain scheduling information scheduling the wireless ternunal o
recerve 3 downlink transmission on either a primary carrier or a secondaty carvier,
The method also includes determining, for each of the downlink control messages,
whether that message ncludes scheduling information for the primary carrier or for a

secondary cartier. Additionally, the method includes selecting a format for an uplink
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control messape based on whether any of the downiink control messages ncludes
scheduling information scheduling the wireless terminal {0 receive a downlink
transnussion on a secondary carrier, generating an uplink control message based on
the selected format, and teansmitting the uphek costrol message 1o the base station.
In accordance with another embodunent of the present disclosure, an apparaws is
operable to unplement tus method.

{n accordance with aother embodiment of the present disclosure, a method of
operating a wireless communication terminal inchedes receiving downlink control
messages thal comtain scheduling information scheduling the wireless terminal 10
recetve 3 downlink transmission on either 3 primary carrier or a secondary carner.
Each dowalink control message also contains & 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 carmer. Additionally, the method includes determining a transmission
power level for an uplink control message based on whether any of the downlink
controf messages includes scheduling information for a secondary carrier, generating
an uplink control message, and {ransmitting the uplink control message to the base
station at the determined transoussion power level,  In accordance with asother
embodiment of the present disclosure, an apparstus is operable 1o fmplement this
method.

{n sccordance with another embodiment of the present disclosure, a method of
operating a network node in an access network includes schedoling 8 wiveless
ferminal (0 recetve a downlink transmission on a primary catier and one or more
secondlary carriers.  The method alse includes determining a first power control
parameter for the wireless terminal 1o use in ransmiiting 9o uplink control message 1
accordance with a first format and generating a downlink control message that
inchades the first power control parameter and scheduling information for the primary
carrier.  The method furnther includes determining one or more additional power
control parameters for the wireless termainal to use in transmitting an uplink control
message in accordance with a second formal and generating downlink control
messages that include the addiional power control paramelers and scheduling
nformation for secondary carviers. Additionally, the method includes ansontting the

first and addiional downlink control messages to the wireless ternunal.  In
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accordance with mother embodiment of (he present disclosare, a appavatus is
operable to implement this method.

Important technical advantages of certain embodiments of the present

mventnon nchude redocing the required overhead for control signaling in systems

5 supporting carrfer aggregaton, Particelar embodiments may be capable of limiting

the control signaling overhead associated with carrier aggregation when a terminal 8

not utifzang multiple component carriers. Additionally, particular embodiments may

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

adapt to transaisston errors that may impair the refevant signaling, Other advantages

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

following figawes, descriptions, and clams.  Moreover, while specific advantages

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

the enumerated advantages.

[ BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and s
§ 8 e

advantages, reference is now made to the following description, taken in conpumction
witlh the accompanying drawings, in which

FIGURE 1 llustrates the cavvier spectrum for an example conunumication
20 system that utilizes carvier appregation;

FIGURE 2 :Hustrates a particular embodiment of & 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 compwnication sysiem of
FIGURE 2;

FIGURY 4 is a table of covering vectors that may be utilized to decode
information in pasticular embodiments of the mobile communication system;

FIGURE % 15 a table showing a comparison of the operational complexity of
varous decoding techmiques that can bhe used to decode encoded feedback
30 information;

FIGURE ¢ is a block diagram illuswating a particular embodiment of a

wireless terminal that may be supporied by the mobile conununication systent,
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FIGURE 7 5 a flowchart sbowing example operation of a partaudar
embodiment of the wireless terminal in selecting a format for uplink control
DISSSAges;

FIGURE % is a Howchart showing example operation of a particular

5 erpbodiment of the wireless wernunal in detenmining a gansmission power fevel at
which to gansmit uplink conirol messages;

FIGURE 9 1s a block diagram illustrating a particttlar embodiment of 2
netwark 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 11412 are flowcharts illustrating example operation of particelar

embodiments of the network node in decoding feedback information transmitted by

the wireless terminal.

15 DETAILED DESCRIPTION OF THE INVENTION

FIGURE | illustrates the carrier spectrum for an example communication

system that ufilizes carrier aggregation.  Certan advanced  comownication
technologies rely on carier aggregation to facilitate use of an expanded carrier
spectrum 110 in networks that must also support legacy terminals that are only

20 capable of utihaing smaller casrier spectrums.  Under a carrier aggregation scheme,
expanded carrier spectrum 110 can appear (0 a legacy ternunal as the aggregate
spectrum for nuluple carriers {00 (referred to as “component carniers” {CCs)), each
having a smaller spectrumy that 15 compatible with the capabititiss of the legacy
terprinal, Curcent-generation terminals, however, can utilize a larger portion of the

25 expanded spectnan 110 by ansnting or receiving over multiple of the component
carrers 100,

As one example, Release ¥ of the Long Teem Evolution (LTE) conununication
standard supports a carvier spectrum having bandwidths up to 20 Mz, As 3 result,
terminals configured to support this standard may be linsited to using carriers having a

30 bandwidth vo greater than 20 MHz  However, in order 1o provide higher overall
throughput, Release 10 of LTE is expecied to support a carrier specinum having a
baudwidth farger than 20 MHz As a result, fiuture releases of LTE will use carrier

aggregation to provide spectrurn compaubility. With cavrier aggregauion, tus overall
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spectrum will appear to o Release 8 ermingl as the apgrepate spectron of multiple
component carriers, cach having a smaller spectrum {e.g.. 20 MHx) compatible with
the capabilities of the Release 8 terminal. Meanwhile, a Release 10 terpunal may be
able 1o otitizing the entirety of this expanded camer spectrum 110 by oulizing
multiple component carriers 100 sinndianeously,  While the description below
focuses, for purposes of illustration, on implementing the described solutions m LTE
networks, the described sohutions may be implemented, with  appropriate
modification, to any suitable commumcation technologies.

FIGURE 2 illustrates & mobile commumication systemy 10 that provides
comnmanication service (o 3 wireless termutal 20 using a camier aggregation scheme,
such as the one ilustrated in FIGURE 1. Mobile conmnunication system 10 inchudes
an access network 30 that provides communication services to a cell 60 associated
with mobile commanication system 10 and a core network 40 that provides backhaul
delivery of informgtion within mobile communication system 19. By using signaling
techuiques described herein, particular embodiments of mobile conununication
system 10 can provide a reliable scheme for communicating scheduling information
and power setiings between access network 30 and wireless ternunal 20 repardless of
the mamber of components carriers configured for wireless terminal 20, Additionally,
by using knowledge of the component carriers on which wireless terminal 20 has been
scheduled, access network 30 can more efficiently decode feedback transmitied by
wireless terminat 20 indicating the scheduled (ransimissions successfully received by
wireless terminal 20, Consequently, as described further below, particular
embodunents of mobile communication system 10 can provide robust, low-overhead
techniques {or managing the use of carrier aggregation,

In general, mobile communication system {0 provides mobile communication
service to one of more wireless terminals 20 operating within cell 60, a geographic
area associated with mobile commanication systemn 10, Mobile comumunication
svstem 100 may support communication of any suitable type andior in accordance with
any appropriaie communication standards including. but sot Lmited to, any Long
Term Evolution (LTE), Worldwide Interoperability for Microwave Access (WIMAX),
and Wideband Code Division Multiple Access (WCDMA) conununication standards.

Wireless ternunal 20 represents sny device capuble of comwpmuncating

mformation wirelessly with mobile communication system 10, Examples of wireless
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termmal 20 wnclede wadions] communication devices such as mobile phones,
pesonal digital assistants (“PDAS™), laptop compaters, and any other portable
commanication device suitable for use with commumication system 10, For example,

i parucular embodiments, wireless ternunal 20 represenis an insiance of LTE user

e

equiprient (UE). Additionally, in particalar embodiments, wiveless terminal 20 may
also represent automated equipmens or devices equpped with components suiable to
permit connmanication with mobile comnusnication system. 10, such as devices in g
home-automation petwork.  For example. wireless terminal 20 may represent a
washing machine, oven, digital video recorder (DVRs), or other home apphances
19 capable of remote management over mobile commanication system 18, Although
FIGURE 2 Hluswrates, for the sake of shplicity, only a single wireless terniinal 20
and a single base station 32, mobile communicanion system 10 may include any
suitable manber and configuration of base stations 32 capable of serving any number
of wireless ternunals 20 including, in particular enmbodiments, wiveless terminals 20
15 having different capabilities with respect (o the carrier spectnums they support.

Access petwork 30 conununicates warelessly with wireless terannals 20 and
serves as an interface between wireless tarminals 20 and core network 40, Access
petwork 30 may represent or include 8 radic access network andior any elements
respousible for providing a radio or air interfuce for core vetwork 40. For example, in
20 the illustrated embodiment, access network 30 inclades one or more base stations 32,
Access network 30 may also include base station controllers. aceess servers,
gateways, ancfor any additional components switable for maraging radio chaels
used by base station 32, authengicating users, controling handoffs between base
station 32 and other radic access elemenis, andior otherwise mawaging the
25 interoperation of base siations 32 and interfacing base stations 32 with core network
40

Base station 32 compnmicates wirelessly with wireless terminals 20 o
facilitate mobile communication for wireless terminals 20, Base stations 32 may
include any appropriate elements (o copununicate with wireless terminals 20 and o
30 inierface wireless terminals 20 with core network 40, For example, depending on the
communications standards supporied 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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{eNode B), a radio base station (RBS), an access point, or any other suitable element
capable of communicating with wireless terminals 20 wirelessly.
Core network 40 routes voice and/or data commanicated by wireless terminals
20 from access network 30 to other wireless ferminals 20 or 10 other compnaication
5 devices coupled o core network 40 tuough landline connections or Uwough other
networks. Core network 40 may suppott any appropriate standards or techmqaes for
routing such communications. For example, in embodiments of wireless ternnnals 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 comnuaication for longhaul transmission, authenticating users, controlling calls,
metering usage for billing purposes, or other fonctionality associated with providing
comamuication services. In general, however, core network 40 nmy include any
components swuitable for routing and otherwise supporiing vowe andior data
conumucations for wireless terminals 20,
15 In operation, mobile communicaton systemy 10 provides telecommunication
service to wiveless tenunal 200 As part of this service, aceess network 30
communicates witalessly with wireless terminal 20 For example, in the #lustrated
embodiment, base station 32 of access network 30 establishes a wiseless connection
with wireless terminal 20 for communication over radiofrequency (RF) channels, and
20 core neiwork 40 transports voice, data, multumedia, andior other types of mformation
between various components of access network 30 and between other clemenis of
mobile conumunication system 10, such as wireline comnunication devices.

To merease the available spectrum of carriers that can be wilized for
communication between wireless terminal 20 and access wsetwork 30, owbile
25 comnwnication system 10 wtilizes a camier gggregation scheme i which one or more
component carriers are configured for use in cell 60, In pavticular embodiments, this
configuration is performed on a semi-staic basis,  The namber of configered
component carriers, as well as the bandwidth of the individual component carriers,
may be different lor uplink and downlink. Additionally, the number of component
30 carriers configared i a cell may be dilferent from the mumber of component carriers
seen by wireless ternunal 200 For example, in particular embodiments, wireless
ternunal 20 may support more downlink component carriers than uplink conponent

carriers, even though cell 60 is configured with the same number of uplink and



WO 2011/121578 PCT/IB2011/051418

A

16

20

o
L

9

downlink component carrters. Tn particular embodiments, wireless termnal 20 may
imally conoect (0 access network 30 through base station 32 using only a smgle
component carriers, and after comnecting. may be provided information mdicating the
compaenent carriers currenty conligured for use . cell 60

In order to prevent wireless termunal 20 from having © constantly monitor all
componeni carriers configured far 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 compenent carriers to be used by wiveless terminal 20 in
cell 60, Wireless terminal 28 can then limdt #s monitoring to only those component
carriers configured and activated for wirefess termiinal 20. For example, m Release 10
LTE embodiments, importast comrol informanon for a component carrier will be
transmifted on a Physical Downlink Control CHannel (PDCCH) and Physical
Downlink Shared (Hannel (PDSCH) associated with that component carrier.  With
achivation, wireless terminal 20 can hmt sis momtonng of PDCCH and PDSCH o
component carriers currently activated for wireless terminal 20, instead of being
forced (0 mowmtaor these channels for all component cagriers configrared for use m cell
61 Tn certain embodiments, activation can be achieved using faster signaling (e g,
Medium Access Control (MAC) laver signaling) than the initigl configuration of
component carriers, thereby redecing the amount of me aod overhead used o chunge
the number of component carriers atifized by wireless terminal 20 al a given time.
For example, upon arvival of large date smounds for wireless ternunal 20 multiple
downlink component carriers may be activated for wireless terminal 20 and then used
to ransmut dala (0 wireless terminal 20, These excess component carriers may then
be de-activaled for wireless terminal 20 if not needed once this data has been
transmitied to wireless terminal 20

In particular embodiments, all but one component carvier in each divection—
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 vot needed.  Activation
provides therefore the possibility to configure maltiple componeni carriers for
wireless terminal 20, but only activaie these additional component carniers—referred
o here gs “secondary component carriers”™—on an as-needed basis. Often, wireless

ternrinnl 20 may have one or a very few component carniers activated, thereby
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perruttiing wireless ternunal 20 to use a fower reception bandwidth and thus reduce
battery consumption.
In many advanced conununication systems, scheduling of component carrviers

is done via downlink assignisends, uplink schedaling grants, and’or other scheduling

L

informaton that i3 conunanicated i messages Gepresented n FIGURE 2 by
“dowtlink conlrol messages 707} sent (o wireless lerminal 20 over a downlink conirol
channel.  For example. i3 an embodiment of mobile communication system 10
iplementing LTE, downlink assignments would be commaunicated to wireless
ternunal 20w Dewnlink Control Information {DCI) messages transmitted on the
10 PDCCH, This scheduling information indicates that wireless terminal 20 has been
scheduled 0 receive a downlink transmission on a partoular component carrier
during a partcular radio subframe.  For example, in embodiments of mobile
commuptcation system 10 that implement LTE, base station 32 may trassmut g
downiink control message 70 that includes one or more downlink scheduling
15 assignments indicating when in the current or upcorning subframe wireless terminal
20 s scheduled to receive a data transmussion on the Physical Downlink Shaved

CHannel (PDSCH) on a particular component carrier or carriers.
Wireless ternnnal 20 determines the component castier associated with
received schedaling information either based on 4 predetermined relationship between
20 the component carrier on which the scheduling information was received (e.g., the
relevant component carvier may be the same component carrier @ which the
scheduling imformation was received for a downlink assignment or an uplink
component carnier associated with that downhink component carier for aplink
scheduling grants) or based on additional aformation included in the downlink
23 control message 70 that identifies the relevant component carrier {sach as a Carrier
Indicator Field (CIF) i LTE embodiments). in particular embodiments, the
applicable subfiame for the schedeling information 15 the same seblrame in which the
downlink control message 70 is transmitted, or another subframe identfied by
wireless terpunal 20 based on some pre-established relationship with the subframe in

30 which downlink control message 76 was ransmitted.

In addition to the scheduling information, dowalink control messages 70 may
confain, in particular embodiments, modalation and coding scheme parameters,

spatial owltiplexing parameters, and fedback-refated information.  Additionally, n
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particulgr embodiments, control messages may include power control parmmeters
(e.g.. Transmil Power Contrel (TPC} comumands), as discussed further below, These
parametets provide information indicating how wireless terminal 20 should respond to

the downlmk controf message 70 or how wireless ferminal 20 should behave when

A

using the scheduded resource.
In many advanced communication iechnofogies, wireless terminal 20 13
expected to respond fo a downlink control message 70 by indicating whether the data
transmission(sy scheduled by the relevant downlick control message 70 were
successfully received (inchuding both reception and decoding of the relevant
10 fransnussions without error). Thus, in particular embodiments, wireless ternunal 20
responds 1o a detected dowslink control message 70 by commumicating an uplink
control message 72 that includes feedback information {e.g., Hybud Auwtomatic
Repeat  Reguest  {HARQ)  Acknowledgement'Negative  Acknowledgement
{(ACKINACK) feedback Dbits) ndicating  successful receipt or bnsuccessful
15 receipt/non~-receipt of the wansnussion(s) scheduled by that downlink conirol message
70, However, when carrier aggregation is implemented in a network, particudarly one
supporting legacy terminals unable to wtilize muluple component carners, the
configuration and comnumication of uplink control messages 72 can become far more
complicated.  Communication of feedback for a significant number of dilferent
20 componeni carriers can waste value transmission rvesources. Additionally, the
dramagic increase in the number of possible configuration and scheduling scenarios
can create problems if the communication of this information is not robust.
Therefore, particular etabodiments of mobile communication system 10 tuplement

certain solutions for bmproved communication of comtrol signaling in carrier

tJ
Lh

aggregation systems,

In particular embodiments, wireless terunal 20 is configured by the network
to make scheduling requests (SR} with a pre-determined frequency. When a wireless
terminal 20 is 1o feed back biis in a subframe that allows scheduling request, the SR
bit (where, e.g, 1" may represent a positive scheduling request and “07 may
360 represent a negative schedaling request) can be appended {o the feedback but
sequences. Thus, uplink control message 72 may also include an SR bit or an other

form of schedaling request in addition to the feedback bus.



WO 2011/121578 PCT/IB2011/051418

LA

10

20

tJ
i

Fonmat Selecuon for Unlink Control Messaves

I wireless terminal 20 has wwliiple component cawtiers activated at &
particufar moment, it may be necessary for wireless ternunal 20 to provide feedback
on frangmissions scheduled on muliiple different component camviers at once. In
particular embodiments of mobile commumication system 10, wireless ternunal 20
may be configured fo ase a single uplink control message 72 o acknowledge receipt
or non-receiptfailed receipt of scheduled information on all scheduled component
carriers during a particular subframe. By consolidating the acknowledgements in this
manner, moblle communication system 10 may reduce the overhead required for such
acknowledgements, However, legacy terminals served by mobile commwmication
svstemn 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 conirol message 72, inchuding a
first format for devices capable of utilizing only 4 single compouent carrier, g format
that only provides feedback lor a single component carvier (referred to bere as the
“single camrier”™ or “SC” format), and a second format that can be wsed (o
commanicate feedback for muoltiple component carriers {referved fo here as the
“camer-aggregation” or “CA™ format).

1n particular embodiments, the second format represents a message format that
defines, within an uplink control message 72, predetermined locations for one of more
feedback bits associated with each of the component carriers curvently configured for
use i cell 60. The specific munber of bits wansmitted for cach component camier
may vary. For example. in particular embodiments, mobile commurucation system 10
supports nltiple-input mubtiple-outpul {(MIMO) and spatial diversity transmission
schemes and mav selectively wtlive spatial feedback bundling. Tu such embodinents,
wireless terminal 20 may be configured 0 uwse a2 CA format that provides one
feedback bit per configured component casrier when spatial feadback bundling is
emploved, and provides two feedback bits per configured componens carrier when
spatial bundiing is not emploved. For example, if cell 60 is currently configured with
three component carriers, this CA format would support three bits when spatial
feedback bundling is emploved and six bits when spatial feedback bundling is not
emploved. Unneeded feedback bits (e g, those assoctated with a component carrier

for which no scheduling information was successfully veceived, or those associated
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with a single~codeword transmission that vequites only one of an alloted two
feedback bits) may be set 0 3 fixed value, eg., “0” (NACK). In general, however,
the CA format may mdicate in any appropriafe manner whether scheduled
mformation for each of & plurality of component carriers has or has nof been
successfully veceived by wireless terminal 20,

Because of the addittonal overhead associated with wsing the CA format, it
may be desirable 1o have terntinals that are capable of uphizing nuduiple component
carriers also use the SC format for uplink conwol messages 72 if such terminals have
ouly been scheduled on a single component carsier (and, thus, only need to provide
feedback on a single component camier). Therefore, in particular embodiments,
witeless terminal 20 transmits uplink control messages 72 in aceordance with the SC
tormat when providing feedback regarding g ansmission wiveless termunal 20 i
scheduled to receive on a single component carrier {e.g, the primary component
carrier) and in accordance with the €A format when providing feedback on
transmissions wireless terminal 20 is scheduled w0 receive on multiple component
carriers. Consequently, particular emsbodiments of moble commanication systeny 10
may reduce the overhead associaled wilh control information transmissions by
wireless terminals 20 tha support carrier aggregation,

However, because access network 30 may conumunicate downlink control
messages 70 over non-ideal radiofrequency (RF) channels, downlink control
messages 70 carrying assignments and scheduling grants may not be recetved or may
be corrupted during (ransmission, resulting in errors when decoded by wireless
fersunal 200 As a result. wireless terminal 20 may not receive all of the downlink
conirol messages 70 transmitted to it for a pariicelar subframe. One particular
concern is that wiveless termninal 20 may recetve g downlink control message 70 with
scheduling information for a secondary component carnier, but fail to receive the
downlink control message 70 with scheduling information for the primary component
carrier during the same soblrame. In such cases, using the SC format to provide
feedback on the downlink control message 70 for the secondary component carrier
could lead to ervors, because the SC format uplink control message 72 only provides
feedback on a single component carvier. Because, in this case, muitiple component

carriers have been scheduled for wireless tenminal 20, access network 30 may not be
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able to conclusively deternune which of the schedeled coroponent carriers the
feedback was associated with.

Consequently, in particular embodinments, wireless terminal 20 s configured
to select a fornat for uphink control messages 72 based on whether wireless terming
20 receives scheduling informaton for any secondary component carier associated
with cell 60, In particular embodiments, wireless terminal 20 knows which
component carrier is the primary component carvier (for example, as a result of
information transmitied by base siation 32 during configuration of the component
carriers) or is able to determine from the format of a received downlink control
messages 70 whether the corresponding component carrier is the primary or a
secondary component carvier.  If wireless terminal 20 successfully receives
scheduling information lor any secondary component camier, wireless terinal 20
responds with a CA format uplink control message 72, even if this secondary
componant carrier is the only componeut carrier for which wireless terminal 20
successfully veceives scheduling information for that subffame. By doing so, in
patticudar embodiments, wireless terminal 20 1s able {o prevest errors that would
otherwise result if wireless terminal 20 used the SC format to provide feedback on
secondary component carriers when wireless terminal 20 has bot successtully
received schedaling information tansmitted for the primary component carier. In
such embodiments, wireless terminal 20 may stifl use the SC format to transmit
feedback when wireless terminal 20 the only component carrer for which wireless
terminal 20 receives scheduling information is the primary component carrier, just not
when a secondy component carger is the only component cavrigr for which
schedubng information is received.

In peneral, this solution penmits gccess network 30 {o conclusively establish,
whert receiving an uplink control message 72 with feedback information. for only a
single component cartier (ie.. an SC format message), that the feedback intormation
refates to a scheduled wansmission on the prinmary component carvier, Furthermore, in
particular embodiments of mobile communication system 10, access network 30 is
configured (o always scheduale wireless terminal 20 on the primary component carrier
first. In such embodiments, wireless ternsinal 20 may ofien be schaduled on only the
privary component carrier. As o result, wireless tenminal 20 may still be able o use

the SC format oflen, limiting the frequency with which the CA format, with its
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additional overbead, is used. Thus, pagicudar embodinents of robite copununication
system 10 permit wiveless erminal 20 w opportunistically use the SC format ©©
reduce the control signaling overhead associated with carrier aggregation, but at the
same tme avoud certan errovs that may result when schedaling information is

spsoccessfolly mansmitied.  FIGURE 7 below desaibes fn grester detail example

Lt

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

feedback in this manner.

Communicating Power Control Parameiers

10 Particular embodiments of mobile commumication sysiem 10 may also or
aliernatively provide a more reliable technigue for controlling the gansmission power
of terminals when sending uphink comtrol messages 72 associated with carrier
aggregation. In particular embodiments of mobile commutication system 10, each
dowentink assignment or uplink grant 1s scheduled with s own downlink control

15 message 70 and each received uplink control message 72 coptains & power condrol
parameter that indicates directly or indirectly a transnaission 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
transorission power level for wireless terminal 20 Lo uge, information indicating a

20 maximum tansmission power level wireless termuinal 20 maust obey, mformation
indicating an adjustment for wireless terminal 20 1o apply 10 a current iransmission
power level, or information indicating in any other manner an appropriate
franstussion power fevel for wireless terminal 20, As one example, in certain LTE
embodiments, each downlink control message 70 contains a Transmit Power Control

23 (TCP) bit field that contains an adjustment value for wireless tenminal 20 to apply to a
current power level in deternining an appropriate ranshassion power level at which
to ransmit a responsive splink control message 72 on the PUCCH.

As explained above, when scheduled for transmission on the primary
component carrier as well as one or more secondary compouent camiers, wireless

30 termunal 20 will receive muliiple downlink control messages 76, one for each
companent carrier on which the terminat 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 felds in other downbink contro! messages
70 for other, non-redundant control information.

However, doing so can create several problems,  First, if the power control
parameter were inserfed mte only a single downlink control message 70 transmitied to
wigeless tenminal 20 and wireless terminal 20 does not successfully receive that
downhink control message 70, wueless terminal 20 nught not have sufficient
information by which to determine the corect ransmission power 0 use i
transmitting the responsive aplink control message 72, Second, even if wireless
terminal 20 were o rveceive the downlink control message 70 comaining the frue
power control parameter, access network 30 would be unlikely to find a single power
control parameter saitable for ase with both the SC format and the CA format, as
these two formats may result in drastically different aplink transnussions.

Furthermore, in particular embodiments, the CA {ormat provides feedback for
all configured component carriers. Since re-configuration is a rather slow process, the
momber of confliewred component carviers cannot track the actually used component
carriers and ofien a rather high munber of component camiers 15 configured for a
given cell 60, Therefore, it is quite likely that, for a given subframe, cell 60 will be
configured with more component carmiers than wireless renninal 20 witl actoally be
scheduled to use. This may result in a yet a thivd problem. Wireless terminal 20 may
transmit feedback bits thal woald be unnecessary if wireless terminal 20 provided
feedback for only activated or scheduled component carriers. This in turn resuits in
fower energy per true feedback bit and worse performance.

To address the third problem (e, dimimshed performance tesuling from the
transmission of more feedback bits than are necessary), particular embodiments of
base station 32 implement a dvnamic decoding scheme to decode feedback bits
ransmitted by wireless terminal 20 after receiving these downlink control messages
70. This dynamic decoding scheme wiitizes scheduling knowledge to improve the
base station’s decoding performance for 3 given transmission power level, As a
resull, the dynamic decoding can provide the same quality level with a substantial
redoaction in the signal-to-noise ratio, thereby reducing the negative mmpact of the
ungecessary feedback bits. This dynamic decoding schems is described i preater

detail below.
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To address the first and second problems, an appropriate element of access
meiwork 30 (assumed here (o be base station 32) may be configured to determing a
power control parameter to include in each downlink controf message 70 based on
whether the relevant downfink control message 70 18 copnnunicating scheduling
information for the primary component cagtier, a “PCC control message™ (represested
im FIGURE 2 by downlink conirol message 70a), or communicating scheduling
information for one of the secondary component carriers, an "SCC control message”™
(represented in FIGURE 2 by downlink control messages 70b-d). In particular
embediments, if the relevant downlink control message 70 is a PCC downlink control
message, base station 32 selecis a first power conirol parameter suitable for use in
tansmiting an uplink contral message 72 I accordance with the SC format. I
instead, the relevant dowulink control message 70 is an SCC coutrol message, then
base station 32 determines a second power control parameter or muitiple power
control parameters suitable for wirgless terminal 20 to use in transputling a responsive
uplivk control message 72 in accordance with the CA format.

Base station 32 may deternune this second andior any additional power
contrad parameter for use with the CA format in any switable manner. As ane
example, in particular embodiments, buase station 32 determines a second power
control parameter for transoitting aplink conwol message 72 using the CA formar
regardless of how many or which dowalink contvol messages 70 wireless terminal 20
recetves. In such embodiments, base station 32 may then include this second power
control parameter in each of SCC downlink control messages 70b-d. This moy ensure
that wireless ferminal 20 will ase the same wansmission power regardless of how
many of the multiple SCC downlink control messages 70b-d wireless termunal 20
successfully receives.

As another example, the second power control parameter deternuned by base
station 32 may represent a power control parameter for use whes wireless ternunal 20
successiully receives all of the SCC downlink control messages 70 transmifted to
wireless terminal 20 for that sublrame. Base station 32 may intend for wireless
ternumal 20 to caleulate an actual power control parameter to use based on tus second
power contrel parameter and on the number of SCC downlink conirol messages 70
that wireless terminal 20 successlully receives.  As a vesslt, base station 32 may

caleulate a third power confrol parameter by dividing the second power control
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parameter by the number of secondary compovent 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.
Alernatively, base station 32 may catculate wmaltiple, different additional power
control parameters—one for each SCC downlink control message 70b-d 10 be
transmitied-—that add up o the second power control parameter. Base station 32 then
inctudes one of these additional power control parameters in each 8CC downlink
control message 70b-d transmitted. I wireless terminal 20 then successfudly receives
some or all of the twanmsmitied SCC downlink control messages 70b-d, wireless
terminal 20 will add the power conirol parameters in the received SCC downhink
confrol messages 70b-d (with carrier-specific weightings in certn embodiments) to
get a power contzol parameter for use in making a CA format transpussion in the
subframe.

As yet another exanple, base station 32 may deternuine a second undior
additional power contro! parameters based on the specific set of secondary component
carriers on which wireless terminal 20 is scheduled 0 receive a transpussion during
the subframe. To illustrate, FIGLRES JA-3D provide tables containing example
power control parameters for an embodiment in which base station 32 s capable of
supporting five different component carriers.  Specifically. the tables of FIGURES
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 termunal 20, In purticular, FIGURES 3A-3D allustrate
example power control parameters for an embodiment i which wireless terpunal 20
delermines g transoussion powst level for transmitting uplink control messages 72 in
accordance with Equation 1

Povcen {i} - min i_}:t'xs..\x e T PL+ h(f’c 2 Py )“*” B¢ pcen {1} + g(\")g (1)

HafD f

for which the following definitions are used:

F SN PUCCH transmit power [or subframe /.
P Configuwred maximans teansaut power for uplink PCC,
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By s Desired uplink control message receive power signaled by

H
higher layers.
Mt P i) Offset parameter that depends on nuwmber of CQI bits or

FARG F

member #rgr of CQT bits or member sy of feedback bits

Ay weealE) Offset parameter that depends on eplink control message

P e \E P P g
format

et} Accunnilated power adjustment vahie derived from power

P

control parameters. 8., (3. In paricelar embodiments,

eli)= gliy+ Zr)‘l.,i_m.! (i k) The values M and k.. depend on
PRt

whether the duplexing mode is FDD or TDD.
PL Pathloss

Base station 32 may store lookup tables costaining the same or similar
mformation 1o that shown in FIGURE 3A-3D. Additionally, base stauon 32 may
maintain multiple different versions of each Jookup table o use under different radio
conditions, with difference carrier configurations, or in response to changes in other
aspects of the operating envitonment. In such embodiments, base station 32 selects
an appropriate second power contral 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 wiveless terminal 20, Altlemmatvely,
base station 32 may, as described above, calculate a third power control parameter
and/or additional power conwol parameters for inclusion in the SCC downlink contral
messages 70 based on the selected second power control parmeter.

As yet another example, iy particular emboduments, base station 32 may
determine the sccond power control parameter {or any addiional power control
parameter to be inchided in SCC downhink control wmessages 70) based on whether
spatial feedback bundling will be employed by wireless termunal 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 mav pernst the transmussion power o be adjusted based on the

pumber of feedback bits that will actually be transmitted.
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Base staton 32 then gansmits apy generated downlink control messages 70 (o
wireless terminal 200 Wireless terminal 20 successfully receives (ie., veceives and
decodes without errar} sasne or afl of the wansmitted downlink control messages 70,
Based on the successfully recetved downlink control messages 70, wireless ternunal
20 determines a wansuussion power lavel to use when transmiging the responsive
uplink conirol message 72, If wireless termuinal 20 successiully receives only PCC
downlink control message 704, wireless fenminal 20 wifl determine g transmission
power fevel for ransmitting a responsive uphink control message 72 using the power
control parameter i ihe only downlink control message 70 saccessBudly received by
wireless terminal 20 (in this case, the first power coatrol parameter). If wireless
termingl 20 successfislly receives any of SCC downlink control messages 70b-d, then
wireless terminal 20 wilf instead determine a transmission power level to use based on
power conirol parameiers in one or all of the successfully received SCC downlink
conirol messages 70b-d (Le., the second or additional power control parameters), As
explained above, wireless terminal 20 may determine the overall power control
patameter {0 ase 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 weitghted) of the power control parmmeters included in the successfully
received SCC downlivk control messages 70b-d, or based on any appropriate
combination of the power conirol parameters in onz or more of the successfully
received SCC downlink control messages 70b-d.

Thus, wireless terminal 20 uses the Iivst power contrel parameter (Ze., the
power control parameter included in the downlink control message 70 scheduling
wireless terminal (o receive transmissions on the primary component carrier) when
base station 32 has only scheduled wireless termingl 20 1o receive transimissions on
the primary component carrier, or when wireless terminal 20 does not successfully
receive downlink control messages 70 commenicating the scheduling of any
secondary component carriers.  If, however, wireless terminal 20 successfully
recetves any downtink control messages 70 scheduling wireless terminal 20 o receive
tansmissions on a secondagy component carrier, then wireless terminal 20 will
disregard the first power control parameter and determing the appropriate
transorission power fevel based on the power control parameters in one or more of the

downlink control messages 70 scheduling such secondary component carmers.
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After deternuning the power controf paramieter or parameters (o use based on
the successiully received dowalink control messages 70, wireless texminal 20 will
caleulaie a transmission power for its uplink control message 72 based on this power
contraf parameter. Wireless termmnal 20 may defermine the fransnission power 18
auny appropriste manver based on the power control parameters comnumicated by
base station 32 in downhnk control messages 70, For example, m paricular
embodiments, wircless terminal 20 is configured to delernnne 8 transmission power
fevel for the downlink control message 76 based on Equation {1}

In particalar embodiments that utilize Equation {1). g6i) is the accumndation of
the current power confrol parameter (or the (weighted) swm of power control
parameters  successfully received in downlink control messages 70 scheduling
secondary component carriers) and previous values.  Depending on whether the
relevant power conirol parameters are used (o maintain 3 single g{/) value or wo
independent g(#) values—one for the SC format (groc{)) and one for the CA format
{gscc(iy—such embodiments may uiilize separate power conwrol loops for the
ifferent formats.

In the first case where only one a single g(i} value 1s maintained, this g(7)} is
only updated with the power control parameter related to the format 1o be ased for the

respousive uplink controf message 72. Thus, whenever the SC format s used, g(h is
updated based on the power conirol parameter transmitied in the PCC downlink
control messages 70 {Le, the lirst power control parameter), assepung the PCC
downlink control message 70 was successfully received. Whenever the CA format is
used, ¢(N) 1 updated based on one ot more of the power condrol parameters in
successfully received downlink control messages 70 scheduling secondary component
carriers.

In the second case, gece{?) for the SC format is only updated with power
control pagmmeter from PCC downlink control message 70. Meanwhile, gsec(i) for
the CA format is only updated based on power control parameters in downhink control
messages 70 scheduling secondary component carriers. In various emboduments, both
Qreelly and geoo{ly may be updated as soon as a corresponding power control
parameter is received or may only be pdaied if the corresponding format for uplink
coufrol messages 72 is also used (Fe., gro (1) 18 only apdated if the SC format is used

and gsoc2) 1s only updated if the CA format is used).
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After deternuning the appropriale transpuisston power level, wireless terminal
20 then transmits an upliok controf message 72 for the subframe to base station 32 in
accordance with a selected format and using the caleulated transmission power level.

By using the described techniques o comwnunicate the appropriate transmussion

o

power level for the relevant uplink control message 72, mobile comanmication systen
10 can, m partdoewlar embodiments, facilitate the use of different fransnussion power
fevels for different conirol message fommats bul. at the same tme, minimize the
tmpact that tansmission errors in communicating downlink control messages 70 have
on the selection of appropriate fransmission power levels.

i0

Dyvnsmic Decoding of Unlink Congrol Messages

As noted above, particular embodiments of mobile communication systen {0
uiilize dynamic decoding of feedback bits in uplink control messages 72 to improve
decoding performance. More specifically, particular embodiments utitize knowledge

15 of the scheduled compobent camriers for wireless terminal 20 to improve link
reliability andéor reduce the wansmission power requivements for uplink control
messages 72.
As part of dis dynantic decoding scheme, base siation 32 receives uplisk
control messages 72 from wiveless terminal 20 that have been encoded for
20 transmission over the radio link between wireless terminal 20 and base station 32,
The folfowing description assumes, for purposes of illustration, that wireless erminal
20 encodes feedback information in uplink control messages 72 wsing a (32, ) Reed
Muller encoding scheme, where O i3 the number of [eedback bits. Nonetheless,
wireless terminal 20 may use any suitable encoding scheme with appropriate
23 modification of the described decoding techniques.  Additionally, the following
description assumes, for pumposes of illustration, that two feedback bits are
transmigted for each component carrier on which a terminal is scheduled. In
alternative embodiments, the number of bits in the feedback information nwy vary
depending on, for example, whether spatial bundling is employved or whether centain
360 component carriers are configured to only be ased for single-codeword transmissions.

Thus, in partcular embodiments, wirgless terminal 20 encodes the feedback

bits using the (32, O) block code. In panticular embodiments, the code words of this

block code are a Hnear combination of the eleven (11) basis sequences denoted 34,
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and defived 1n Table 52.2.64-1 of 3GPP TS 36212, “Muliplexing and channel
coding,” V 9.0.0, which 15 incorporated herein by reference in ois entirety. The

encoded block 1s denoted by by.6, 5, b, by, where B = 32 and:

0-1,

b= Z({)" M, _)mod 2 Equation {2)

w=()
5 where1=0,1,2, ..., B-i.

The encoded block may then be processed as appropriate for the relevam
configuration of mobile conmmunication systemt 1} before bemg transmitted by
wireless terminal 20, For instance, in certatn LTE embodiments, rate maiching is

16 performed on the encoded bits 1o generate a 48-bit encoded sequence for transnussion

as part of a Discrete Fourter Transforrn Spread Orsthogosal Frequescy Division
Multiplexed (DFTS-OFDM) based PUCCH. The encoded bit sequence is then
scrambled with cell-specific and/or symbol-dependent sequences. Two 24 bit proups
ate each assigned (o a separate slot and converted into twelve quadrature phase-shift
15 keving (QPSK) svmbols, DFT precoded, spread across five DFTS-OFDM svimbols,
and transmitted within one resource block (handwidth) and five DFTS-OFDM

symbols (tire).
Base station 32 recerves the encoded feedback information as part of an uplink
conirol message 72, Base station 32 then decodes the encoded feedback mnformation
20 using knowledge of scheduling information associated with wireless terminal 20 to
facilitate decoding. To iHustrate, consider an example in which base station 32 has
scheduled two component carriers (Componeat Carrier 3 and Component Carrier 4)
out of five configured component carriers for transmissions fo wireless terminal 20

dusing & particular sublrame and in which wireless terminal 20 uses two feadback bits

"
wun

to report on each configured component carvier. 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, &, ¢} 10 encode the five
configured component carriers in this case. That is, a nowunal (48, 10) channel code
is used by wireless terminal 20,

30 Because, in this example, base staiion 32 has pot sent any assignments or

scheduling grants relatng o Component Camrier 0, Compounent Carvier {, or



WO 2011/121578 PCT/1B2011/051418

L

3y

i~
2

20

o]
L

23

Componesst Cartler 2, the ten-bit sequence of feedback bits should start wath 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. 91 For this example, tus knowledpe effectively reduces the number
of possible codewords to search from 1024 0 only 16, As a result, the required
operating signal-to-noise ratio (SNR) can be reduced, and the transmission power
used by wireless terminal 20 in transmitting feedback information can fikewise be
reduced. For instance, in the case of five configured component carriers, dvnaniic
decoding can reduce the necessary transmission power increase on wireless terminal
20 when transoitting CA format uplink coniroel messages 72 from 4 dB down to no
Hicrease in most cases and a small increase in a minority of cases, The required smiall
transinission power increase for the minority cases can be added to power costrol
parameters in downlink control messages 70 scheduling secondary component
caiviers {o inform wireless terminal 20,

Therefore, in particular embodiments of mobile comununication system 10,
base station 32 utilizes an improved maxinzum likelihood decoding scheme to decode
the first order Reed-Mullercode encoded feadback inforswtion in uphnk control
messages 72 based on knowledge of the scheduling information that prompied the
feedback informaton. In particular embodiments of mobile communication systemn
10, this decoding scheme comprises a first decoding algorithm used for uplink control

ages 72 that include up (o six feedback bits and a second decoding algorithm

2

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

More specifically, the [irst decoding algorithm provides an efficient technigue
for dynamic decoding of CA format uplink conirol messages 72 supporting up to six
feedback bits (e, O < 63 As noted above, in particalar embodiments, wireless
ernainal 20 uses an LTE (32, ) block code related to the fivst order (32, 6) Reed-
Muller code 10 encode feedback bits in uplink control messages 72, For example,
when wireless terminal 20 encodes an eplink control message 72 for a cell 60
supporting five configured component carriers and employing spatial bundling (ie.,
an uplink control message 72 that ichades five bits of feedback information), the LTE
(32, ) block code is used for forward error comection. A brute-force maximum

likelihood (ML) decoding of this code would requive 32-32=1024 operations. Using
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the first decoding algorithmy, an efficient decoding can be completed i parucular
embaodiments of mobile conumumication systema 10 in only 32+{og:32= 160 operations.

In particutar embodiments, this first decoding algorithm is tmplemented by:

i Applying the interfeaving shown in Equanon (3) (o the received
S soft value sequence. 7, 01,1, L0 By cotresponding to the LTE (32, O) block
code 10 convert the received soft valae sequence into 3 received vector,
Sp ¥ ¥y, 808, corresponding o the first order (32.6) Reed-Mutler code:
ST
Sl
10 S =110
IR $8
Sae™¥yz
15
20
8307 T2y
S3ae Equation {3
25 2. Perform a fast Hadamard transform on the received wvectar
S35, 8208, ¥y, 1o obtain the wansformed vatues Ay, Ry By Ry,

3. Find the index and the sign of the ransformed valoe with the
largest absolute value from a subset of the transformed valhses. The subset is
determined by the set of known information bits.

30 4. Obtain an information bit sequence estivate based on the index
of the best transformed vahue and its sign.

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

scheduled wireless terminal 20 fo use all f{ive cumently-configured component

38 carriers, In this case, the set of known information bits would be [o04] = [0}, because

Component Carvier 3 is not confizured and thus i1s not scheduled. Suppose the aciual

feedback bit sequence generated by wireless terminal 20 is {1, 1,0, 0 1] for the five

L



WO 2011/121578 PCT/IB2011/051418

26

configured component carriers, indicating that wireless terpunal 20 successfully
recetved scheduled wansmissions on Component Carrier 6, Component Carrier 1, and
Component Carrter 4. In an embodiment using the example encoding scheme

described above, wireless termuinal 20 would then praduce a corresponding fiest-order

5 Reed-Multer encoded codeword of §1, 0, 1,0, 1,0, 1, 0,0, 1,0, 1,0, 1,0, 1, 1,0, 1,0,
1,0,1,0,0, 1,40, 1,0, 1,0, 1] and ansmit the codeword {o base station 32 as part of
an uplink control message 72,
Base station 32 receives the transmitied oplink control message 72 and may
then perform the interleaving described by Equation (3) on the soff value sequence
16 corresponding 1o the feedback bils (o generate a received vedlorn, $,.80.85 . 80 8y
Suppose that, becquse of werference and noise in the wieless comprmeation
channel, the received vector, ¥,,38,,%;.81,....84 , for this example is given by [-0.8,
0509 07 08 14 11,01, 12,03, 14,-1809, 14,05 15,09 07 10,
0.9, -1.3, L1, -0.6, 2.0, 04, -1.6, 1.5, -1.2, 03, 0.7, 1.7, -0.8]. The resulting
13 Hadward transformed values for this example are shown on the left-hand side of the
following Equation {4):
Positive  Negative
[:8 = ~13 <> 000000 or 100000
by = 23 2> 010000 or 116000
2} b = 1.3 2= Q01000 or 101008
b; = =38 -x 4000 or 111000
b = <11 - 000100 or 100100
hs = 36 > 010100 or 118100
b =007 - 001100 or 101108
28 f1y w00 > 01HI0 or 111168
s = 1.3 < 000010 or 100010
hy =32.0 <> 010010 or 110010
Ria = 7 «» 001010 or 101010
b w36 - 01HOL0 or THICHG
30 b =20 o 000110 or 100110

B4 4.7 <> 010110 or 110HID

i
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His = AR - U0 or 101110
s = 27 > 0 LS or 11D
by, = =22 - 000001 o HONGDOI
hys = 31 <> 010041 or 116001
s = 7 S Q0001 or 101001
fue = 03 > Q1004 or 111001
I = 48 - 000101 or 100601
har = 1,9 -» 010101 or 110161
ha = 21 - 001104 or 101101
Bz = <13 > 001100 or 11110
hag = 40 00061 or 100011
has = 1.5 o> 0100t or 110011
B = 14 > 001011 or 10101
has = Q2 > 0VI0LL or 111011
hig w20 - 01T or 1061
b = 0 <> 010V or LiG11
hug = 42 - Q011 or 10111
hn = 42 - 0L or 111 Eq. 4

2

In Step 3, the index and the sign of the wansformed value with the largest
absofute value from a subset of the transtormed values 18 found. Since the set of
kuown information bit is {o, [ = [0}, the search should be limited o A, with be {0, |,
2, 3,04, 3,6, 7,89, 10, 11, 12, 13, 14, 151, the indices for the candidates
corresponding to {os] = {{}i—that 13, the indices for all cancidates having a “0” {or the
final bit. For this example, e has the fargest absofute value in that subset and #s sign
s negative,  As indicated by the right-hund side of Equation (4), each of the
Hadamard gransformed values () is associated with a bit sequence. In the example
embodiment, each of the ranslornmed values is associated with a six-bit sequence that
comprises a five-bit binary representation of the index of the relevant transformed
value (in the second through sixth bits, with the sixth bit being the most significant of
the five-bit representation) and an additions! bit {the first bit) that corresponds o the

sign of the transformed value {with a negative transformed value mapping to a first bu
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of “17 and a positve ransformed vahe mwapping to a lvst bit of “07) Thus, for this
example embodiment, A Dhaving the greatest magnitude and a possive value
corresponds 1o a bit sequence estimate of {1 1 0 0 § 0} for the original, unencoded
feedback information. Since base station 32 knows that {os} = [0] in this exanple,
5 base station 32 can detersane that the estimated feedback bit sequence {1 L 00 1 O
comesponds to a ransuuited feedback sequence of {1 1 0 0 1], Thus, base station 32

is able to recover the onginal feedback mformation sent by wireless terminal 24
Consider a second example where base statton 32 schedules Component
Carrier 0, Component Cagrier 1, Component Carrler 2, and Component Casrier 4. In
10 this case, the subset of known information bits is [o,0.]=10.0]. based on the fact
that Componemst Carsier 3 has pot been scheduled for wireless terminal 20 and
Component Carrier 5 is not configared. Therefore, the search sabset for Step 3 i

tmited to Ay, wath b2 {0, 1, 2, 3, 8, 9, 10, 11}, the mndices for the candidate bit

sequences for which [o, 0.} ={0.0].

—
(7

Consider & thivd example where base stauon 32 schedules Compoenent Carrier
0, Componeni Carrier |, and Component Carrier 4. In this case, the subset of known
information bits is [0,,0,,0,]1=[0,0,01, based on the fact that Component Corrier 2,
Componeut Carrier 3, and Component Carrier 3 have not been schedaled. Therefore,
the search subset for step 3 is limited 10 A, with e {0, 1,8, 9, 11}, the indices lor
20 the candidate bit sequences for which [8,.0,.0,]={0,0.0f.

As noted above, particalar embodiments of mobife communication system 10
may utilize a second algorithm for decoding feedback bits in uplink control messages
72 comaining more than six fecdback bits. W particnlar embodisments, wireless

ternunal 20 uses an LTE (32, O) block code refated 1o the second order (32, 16} Reed-

I
A

Muller code to encode dus feedback information. For example, in such embodiments,
a CA format uplink conuol message 72 that provides feedback on five configured
component carriers (without esploying spatial bundling) contains ten feedback bits,
and wireless terminal 20 uses the LTE (32, 10) block cede for forward error correction
encoding. Wireless terminal 20 then transmits the encoded uplink control message 72

34 to base station 32.
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By utilizing the second algorithm, particalar erobodinents of base staton 32
may perform decoding of feedback information m such an uplink conirol message 72
with substantiallv fower complexity,

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

5 i, Applyving the itedeaving shown in Equaton (3) on the received
solt value sequence ¥y, 8, F,... By comesponding to the LTE (32, () block
code into a recetved vector ¥q.8;,9,.8y...., 8 corresponding o the second
order (32, 10) Reed-Muller code.

2. Formung a set of hypothesized sequences for [o,.0,.0,.0,1. The
10 hvpoihesized sequences my represeni all possible conbipations of
fo . 0.0,0,,0,]. In particular embodiments, bowever, base station 32 may use
known scheduling information o eliminate candidates that are not possible.
3. For each of the hypothesized sequenge for {o,,0,.0..6, 1
a. Multplying the received veclor 5,.9,.5:,55.....5 with
15 the covering veotor ¢,,0,,¢,, &, ¢ corresponding to the
hypothesized sequence for {0,,0,.0,.0,} in the table of FIGURE 4
to obtain a modified received vector 8' 8%, 8% L8 L8
b. Perfonmning a fast Hadamard transform on the modiied
recetved vectar §'y,8% .8 .8, .8, to obtain the transformed
20 values A, A Ry By By
¢. Finding the idex and the sign of the ransformed value
with the largest absolute value from a subset of the gansformed
values. The subset is deternuned by the set of known mformation
bits; and
25 d. Obraining an intermediate information bit sequence

estimate for the second order Reed-Muller code based on the index
of the best transformed value and us sign. The absolute value of
the wansformed valoe associated with the intermediate informaton
bit seguence estimate iy also retmned as the intermediate metnc:

30 and
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4 Obtuning the final imformaton bit sequence estmate from the
intermedhate information bit sequence estimate for the second order Reed-

Muller code associated witls the best infermediate metnic.

3 The covering vectors referenced by Step 34a) above comprise a representation
of the associated hypothesis sequence that has been encoded using the same encoding
scheme implemented on the ransnnitting side, possibly with addional processing to
facilitate detection of the remaining bus. For example, in the embodiment described
by the table in FIGURE 4, each hypothesized sequence is assoctated with a covering

10 Vertor €. 0, ¢, 6. Uy, that represents a version of the hypothesized sequence that

has been encoded using Equation (2} and the basis sequences gssoctated with the bits
addressed by the hypothesized sequence.  Thas, for the illustrated example, an
exagiple m which the hypothesized sequences address bits og, 0, 0s, and oy, the
covermyg vectors represent versions of the hypothesized sequences that have been
15 encoded using Equation 1 and only the basis sequences Mis, M, My, and Mo In
other words, each exanmple covering vector is based on an encoding of the
corresponding hvpothesized sequence using Equation {2) for i = 6, 7, § 9. Ia the
example embodiment described by FIGURE 4, the resulting encoded bits (6:) are then
additionally processed by interleaving the bits according to Equation (3) and applying
20 & binary to bipolar mapping. under which “07 values are mapped to “1” and 17
values are mapped o "1 to produce the example covering veciors shown in the
table of FIGURE 4,
To Hlustrate how the second algorithm may be implemented by base station 32
i particelar embodiments, consider an exanyple where base station 32 has scheduled
28 Component Carrier 0, Component Carrier 1, and Component Carrier 3. In this case,
the set of known information bits would be {0,,0.,0,.0,1= {0,00.0]. Seppose the
actual feedback bit sequence generated by wireless teepunal 20085 {1, 1, ¢, 1, 0, 1] for
the three scheduled component camriers, indicating that wireless ferminal 20
successfully veceived assignments or scheduling grants and the corresponding
36 scheduled twansmissions for both amtennas on CCO and for one antenna on each of
CCl and CC3, The nominal {eedback bit sequence eacoded by wireless teeminal 20

would then be {1, .6, 1, 0,0, 0.1, 0, 0], In gn embodiment using the example
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envoding scheme deseribed above, wireless ferminal 20 wounld thes produce a
corresponding second-order Reed-Muller encoded codeword of {1, 0, 1, 0.0, 1,0, ¢,
000, L0 10,001, 1,00, 1,060,001, 50 00 1,0} and transmit the
codeword to hase station 32 as part of an aplink control message 72.

5 Base station 32 recetves the pansmitted uplink control message 72 and may
then perform the interleaving described by Equation 2 on the soft value sequence
corvesponding o the feedback bits to penerate a received vector, $4, %, 5.8y .
Suppose the received vector is given by $,, 8,5, 85,8, =-1.2,0.2. 09, 1.1, 04,
04, 1.6, 1.0, 12,209, 1.1 14, -13,2.L,09, 11, -0.5, -1.0, 1.0, 0.6, 09,03, 1.4,

14 1.8, 6.7, -0.6, 0.4, 0.2, 03, 1.3, -1.2, 1.3} because of interference and noise in the

witeless communication channel. In this example, [0, o, is known to be {0,0] as the

fifth configured component carsier was not scheduled. Thus, ondy four hypotheses

need to be formed in Step 2 for [0,,0,.0,.0,]. Moreover, since o,.0,] is known 1o

be {0,0], the search subset for Step 3 is limited to A, with £ & {0,1,2,3,4,5.6,7}.

15 For the hypothesis {o,,0,,0,,0,}={0.0,0,0], the values of the covenng vector

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

'

vector &, 87,80 8L 8, is identical 1o the received vector Sy, 8 N Shen Sa g

The relevant Hadamard transformed valaes and thetr associated bil sequences are:

Positive Negative
0 B0 o= 94 > 000Gy or  1O0800

2.6 > Q10000 or 110000

pocal
H

=100 -» G000 or 101000

=
v
H

h3 = 49 o> 011600 or 11000
hd =101 ~» 000100 or 100100
25 hS = 49 -» 10100 or 110100
hta = 20 - OOHI00 or 101100
h7 = 94 o> 011100 or 1111060 {4}

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

code ss hence {1, 0,0, 1,0, 0,0, 0,0, 8] and the intermedsate metric 1s 101
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For the hypothesis o, .0.,0.,0,] 50,100} the modified received vector

t t ¥ T

g 3 « ! ot : : a : 1 .. i S 3 -
sy oy 8Ty i obaimed from the received vector $g,5, Sy, 81,08 by

Oip the shzns of the 3,408, 10, 11, 13, 14, 15, 18,20, 21, 22, 23, 25, 27, 31-th values.

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

: Positive \eg{ﬁ“e
ho = <23 - 000000 or 100000

hi = 43 -» $10000 or  THOOOD
h2 = 2.0 <> Q0L000  or 101000

h3 == 2.8 -» g1ion0  or 111600

o hd = 04 > 000100 o 100100
hs =300 -» 10100 or  1EOI00

hé = 03 = GoLI00 or 101100
h? = 38 ~» Q100 or  THELIOO

The intermediste information bit sequence estimate for the second ovder Reed-Muller
13 codetshence {1, 1,0, 1.0, 4, 6, 1.8, 0]and the intermediate mewc is 30.0.

For the hypothesis  [0,,0,.000,1=11.000], the relevant Hadamard

transformed values snd associated bit sequences ave:

Positive Negative
hy = B9 > 060000 or 100000
20 hy = 20 < Q10000 or 110600

e o= 4.7 > 01000 or 161000
hy = 7.1 - 91000 or 111000
hy = 48 > 000100 or 100100
he = <16 > BI0100 or 110100
25 he = 37 001100 or 101100
hy = 46 > QLIIGG or 11O

=

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

code 3 hence 10, 0, 0,0, 0, 0, 1, 0,9, 0] and the intermediate metric 15 8.9,
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For the hypothesis o, 0.,0.0,4 = {L,1L,00], the relevant Hadamard

transformed values and associnted it sequences are:

Positive Nepaiive
o = {1 00000 or 100000
5 B == A1 -» 010000 or 110000

B2 = 99 001000 or 1016800
R = 04 > 0HO0O or 111600
hd = 0F > 00100 or 100100
hS = 234 -> 010100 or 110100
14 h6 = -10.0 -» HHI00 or 101100
BT = 4.2 > GILI00 or 11100

The mtermediate information bil sequence estimate [or the second order Reed-Muller
codeis hence 1,0, 1.1, 0,0, 1. 1, 0, 0] and the intermediate meiric is 10.0,

15 After cyehing through all four hypothesized sequences for [o,,0,.00.0,) 10
this example, base station 32 determines ihat the best meinic is 30.0 and the besi
information bit sequence estimate for the second-order Reed-Muller code is [1. |, ¢,
Looou, 0 1 8, 0L Discarding from the bit sequence estimates feedback bits
corvesponding  to  unscheduled component  carriers  (fe., the koown bis

20 {0,000,,0,]= {0,000}, base station 32 produces a final esitmate for the feedback
bit sequence of {1, 1, 0, {, 0. 1}, which is consistent with the oniginal feedback bits
sequence transnuited by wireless terminal 20

For this example, a brute-force ML decoder woald requive 32x2%:=204%8
operations. Using this second algorithm, particular embodiments of base station 32

25 are able to decode the received feedback bits with four sigu-flippings and four fast
Hadamard transforms for a total complexity of 768 operations.  Thus, particalar
embodiments of base station 32 can decode feedback bits in CA format uplink control
messages 72 wsing decoding techniques with substantially redused complexity.
FIGURE 5 shows a comparison of the operational complexity of decoding using a

360 brute-force ML, decoding technique to that achieved when the decoding techuigues
described above are implemented in centain embodiments of mobile communication

systemn 10,
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Thus, particular entbodiments of mobile communication system 1) may
amploy control signaling techniques with improved reliabihity ambor decreased
overhead. Additionally, particular embodiments of mobile communication system {0
may reduce the operational complexity of decoding certain tvpes of control signahing.
As a result, certain embodiments of mobile communication system 19 may provide
nemerous operational bepefits.  Nonetheless, specific embodimenis of mobile
communication system 10 niay provide some, none, or all of these benefits.

FIGURE 6 is a block diagram illustrating in greater detail contents of a
patticular embodiment of a wireless terminal 20, As shown in FIGURE 6, the
illustrated embodiment of wireless terminal 20 includes a processor 602, a memory
604, a transmilfer 606, a receiver 608, and an antenng 610,

Processor 642 may represent or include any form of processing component,
inchading dedicated microprocessors, general-purpose conputers, or other devices
capable of processing electrome information. Examples of processor 602 include
field-programmable gate amays (FPGASK), progranunable raicroprocessors, digital
signal processors (DSPs), application-specific iniggrated cirawils (ASICs), and any
other suitable specific- or general-pipose processors.  Although FIGURE 6
ilfastrates, for the sake of simplicity, an embodiment of wireless tenminal 20 that
mncludes a single processor 602, wircless ternunal 30 may include any vumber of
processors 602 configured W interoperate in any appropriate manner,

Memory 604 stores processor instructions, configuration mformation, power
control parameters, format definitions, andfor any other data wulized 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 sioring
data, such gs random access memory (RAM), read only memory {ROM), magnetic
storage, optical storage, or any other suvitable type of dafa storage componesmts.
Although shown as a single element in FIGURE 6 memory 604 may inclede one or
more physical components local to or remole from wireless terminal 20,

Anterma 610 represents any suitable conductor capable of receiving and
fransnuiting wirefess signals. Transautter 606 tansmits radiofrequency {RF) signals
over antenna 610, and receiver 608 jyeceives from antenna 010 RF certain signals
tansotitted by access network 30, Although the example embodiment i FIGURE 6

mcludes cerfain numbets and configurations of anlennas, receivers, and transmitters,
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altemative embodiments of wireless terming) 20 may mcude any suitable manber of
these componenis.  Addiionally, Fansnitter 606, receiver 608, andfor antenna 610
may represent, m part ot in whole, the smne physical components. For example,
particufar embodiments of wireless termung] 20 include a wansceiver representing

botly transauitter 606 and receiver 608,

b

FIGURE 7 is a Jowchart dlustraing example operation of a particular
embodiment. of wireless terminal 20 n selecting a format for an uplink control
message 72 to use in responding o scheduled transmissions transmitted by access
network 30, The steps illustrated i FIGURE 7 may be combined, medified, or

10 deleted where appropriate.  Additional steps may also be added io the example
operation. Furthegmore, the described steps may be performed i any suitable order.

In particolar embodiments, wireless ternminal 20 may be wformed of the
component carriers configured for within the cell 60 served by base station 32, Thuss,
i FIGURE 7, operation beging with wireless ternvinal 20 receiving, at step 700,

15 confliguration information.  This confipuration formation identifes the primary
carrier configured fov cell 60 and any secondary component carriers configured lor
cell 60 At step 702, wireless ferminal 20 siores this configuration information for
fater use.

In this example, base station 32 trapsmits to wireless terminal 20 one or more

20 downlink control messapes 70 scheduling component carriers for use by wirelesy
terminal 20, As explained above with respect to FIGURE 2, ihis scheduled use may
involve receiving signals from base station 32 on the relevant component carsier or
fransmitting signals to base station 32 on the relevant component carrier. Base station
32 transmits ot least PCC downlink control message 70a scheduling wireless terminal

24 20 o receive g downlhink transmission on the primary component carvier. Buse station
32 may also tansmit one or more SCC downlink control messages 70b-d scheduling
wireless ferminal o receive a downlink fransmission on secondary component
Carriers.

At step 704, wireless terminal 20 begins recetving downlink control messages

30 T} from base station 32, At step 706, wireless terminal 20 determines whether any of
the successtully received downlink control messages 70 include  scheduling
information scheduling wireless terminal 20 to receive a fransmission on a secondary

component carrier. In particular embodiments, wireless terminal 20 may use stored
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configuration mfornmton to deternine whether the scheduling imformanon of each of
the various received dowaling control messages 70 is scheduling 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 pacticular embodiments, wireless terminal 20 selects from batween a
first format (e.g., the CA formal 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 64, but does not include separate feedback bits for any of the
secondary conponent carriers.

For example, in particular embodiments, wireless terminal 20 selects the
second format (as shown at step 708) if wireless tevminal 20 has only received a
downlink control message 70 scheduling wireless terminal 20 to receive a
wransmission on the prinary component carrier.  The second format only ncludes
feedback bits for a single component carrier (specifically, the primary component
carrier).  However, if wireless terminal 20 has received any downhink control
messages 70 scheduling wireless terminal 20 10 receive a transmission os g secongary
carrier during the corresponding subirame, then wireless terminal 20 selects the first
format instead (as shown at step 7103, This first format permits wireless tenuinal 1o
provide feedback buts for more than one component carrier.

Afler sending the one or more downlink control messages 70 containing the
scheduling information, base staton 32 fransmits the scheduled transmissions on the
designated component carriers. Al an appropiate point in time after wireless terminal
20 was scheduled to receive these transmissions, wireless terminal 20 provides base
station 32 feedback information indicating whether the scheduled transmissions were
successfully received. Thus, at step 712, wireless terminal 20 penerates an uplink
control message 72 based on the selected format. This uplink control message 72
includes feedback information (e.g., one or more HARQ feedback biig) associated
with at least one component carrier.  As noted above, this feedback information
indicates whether wireless terminal 20 successfully received tansmissions on the
relevant component carrier(s) that were scheduled by any downlink control messages

-
7
i

0 successfully received by wireless terminal 20, 1 wireless terminal 20 selected the
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first formag, the generated uplink control message 72 may wchide separate feedback
information for every component carrier configured for cell 60,

At step 714, wireless terminal 20 transinils the generated uplink control
message 72 o base station 32, In particular embodiments, when base stattonn 32
schedules wireless terminal 20 o receive wansmissions on secondacy component
carriers i addiion to the primary component carrier bul only receives an uplink
control message 72 with feedback information for a single component carrier, buse
station 32 s configured to recognize that the component carrier associated with the
feedback information is the primary component cairier and that wireless tereunal 20
must not have received any of the control messages 71 scheduling secondary carriers
that base stadon 32 tansmitted during the subframe.  Thus, i particular
embodiments, base station 32 can cowvecdy interpret the feedback information in the
uplink control message 72 despite the faci that the received downlink control message
70 may not include explicut feedback nformgtion for every component carrier on
which base station 32 scheduled wireless terminai 20 to receive a transmission. The
operation of wireless terminal 20 may then continue wdefiniiely or end as shown in
FIGURE 7.

FIGURE 8§ is a flowchant illastrating example operation of g particular
embodiment of wireless terminal 20 1n determining a wansoussion power level to use
in transpuiting an uplink control message 72 in response to scheduling mformation
uansmitted by access network 30, The steps ilustrated in FIGURE 8 may be
combined. modified, or defeted where appropriate.  Additional steps muay also be
added to the example operation. Fuorthermorse, the described steps may be performed
i any suitable order.

As explained gbove with respect to FIGURE 2, wireless terminal 20 may. in
particular embodiments. be informed of the component carners configured for use
within cell 60. Accordingly, in FIGURE 8, operation begins with wireless termunal
20 receiving, at step 806, configuration information that identifies the primary carrier
configured for cell 60 and any secondary camponent carriers configured for cell 60.
At siep 802, wireless terminal 20 may store this configuration information for later
use.

In this example, base station 32 transmits to wireless tenuinal 20 one or more

downlink control messages 70 scheduling wireless terminal 20 o receive downlink
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ransmissions on component carners. Base station 32 transmits at least a PCC eontrol
message 70a scheduling wireless tenminal 20 (o receive a ransmission on the primary
component carrier that contains a first power control parameter. Base station 32 may
also transmit one or more SCC control messages 70b-d scheduling wireless ternunal
20 to receive transmissions on secondary component carmers. These SCC downlink
coniro] messages 70b-d each contain power control parameters as wall, etther a
secomd power conirol parmmeter or one of multiple additional power control
paramerers.

Ad step 804, wireless terminal 20 begins receiving downlink control messages
70 from base station 32. At step B0OG, wireless terminal 20 determines whether any of
the successfally veceived downlink comtrol messages 70 include  scheduling
information scheduling the wircless terminal to receive 8 transnussion on a secondary
componeni ¢arrier. I wireless terminal 20 delermines at siep R06 that any of the
successfully received dowulink controf messages 70 tacludes scheduling information
scheduling wireless terminal 20 o receive a trapsmission og a secondary component
carrier, then operation will proceed to step 310, Otherwise, at step 808, wireless
ternunal 20 will determine a transmission power level based on the [lirst power control
parameter inchuded in PCC control message 70a (assuming the wireless tevminal 20
successfully recetves PCC control message 70a).

However, if wireless terminal 20 determines at step R06 that wireless terminal
20 Bas successfully received at feast one downlink conirol message 70 schedufing
wireless ternunal 20 to receive a transmission on a secondary component camer (f.e.,
one of SCC control messages 70b-d}, wireless lerminal 20 defermines a transission
power fevel hased on one or mare of the power control parameters inchuded i the
successfully received SCC control messages 70b-d In paicular embaodinents,
wireless terminal 20 may disregard the power control parameter included m POC
conirol message 70a, as shown al step 810, [nstead, wircless terminal 20 determines,
at step R12, the transmission power level based on the secondiadditional power
control parameters in the successfully received SCC control messages 70b-d.  As
explained above, wiretess terminal 20 may detenmine the transtussion power fevel by
extracting a common power control parameter included m all of SCC conirol

messages TOb~d, sununing a plorality of different power control parameters included
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i the recetved SCC control messages 70b-d, or combining power contvol parmmeters
fom muluple recetved SCC control messages 70b-d in any appropriate manner.

At step 814, 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 mdicales whether wireless
terminal 20 has received a scheduled fransmussion on the associated carier.  As
explained with respect to FIGURE 7, particular embodiments of wireless ternxinal 26
may cheose a format for this uplink conirol message 72 based on whether or not
wireless terminal 20 suceessfully received any of SCC control messages 70b-d. At
step 816, wireless terminal 20 transmits the generated uphink confrol message 72 to
base station 32 a1 the determined transmission power fevel.  Operation of wireless
terminal 20 may then continue indefinitely or end as shown in FIGURE 8.

FIGURE 9 iz a block diagram lastraiing in greater detail the contents of 8
pacticular embodiment of a network node 900 managing the transmission power of
wireless terminal 20 in wansmitling aplink conirol messages 72 andfor of decoding
uplink control messages 72 transmitted by wireless terminal 20, Network node 9200
may represent any suftable element of access network 30 capable of providing the
described functionality, such as base station 32 in the embodiment ilustrated by
FIGURE 1. As shown in FIGURE 9, the example embodiment of network node 900
mcludes a node processor 902, a node memory 904, and a communication interface
G06.

Node processor 902 may represent or include any form of processing
component, including dedicated microprocessors, general-purpose computers, or other
forms of electronic circuitry capable of processing electronic information. Examples
of wode processor 902 mchude fleld-prograsomable  gate  awmays  (FPGAs),
programmable microprocessors, digital signal processors (DSPs), application-specific
integrated circuits {ASICs). and any other suitable specific- or general-purpose
processars.  Although FIGURE 9 illustrates, for the sake of simplicity, an
embodiment of network node 900 thai inctades a single node processor 902, network
node 900 may include any number of aode procassors Y02 confligured (o interoperate

1 W1y approphigte manner.
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Node memory 904 stores processor instractions, oarrier configurations, power
parameters, andfor any other data alilized by network node 900 during operation.
Node memory 904 may comprise any collection and arrangement of volatile or non-
volaude, local or remote devices suitable for storing data, such as random access
memory (RAM), read only memory (ROM}, magnetic storage, optical slovage, or any
other saitable type of data storage components.  Although shown as a single element
in FIGURE 4, node memory 904 may include one or move physical components Tocal
to or remote from network node 900,

Communication interface 906 comprises electronic circuitty and  other
components suitable to permii network node 900 to communicate with wireless
terminal 20, For example, in embodiments i which network node 900 represents a
node separate from the radio elements of access nebwork 30 {e.g., a radio network
confroller) commumication interface 906 may represent chreuilry capable of
communicating over a wirehine connection between network node 900 and the radio
clemenms of access network 30, In such embodiments, network node 400 may use
communication interface 906 to wransmit information to radio slemenis (such as base
stations 32) that are capable of compuinicating wirelessly with wireless terminal 20
As an shernative example, in embodiments in which network node 900 itself
represents g radio element (such as an enhanced Node B (eNodeB) in o Long Term
Bvoletion (LTE) systen), communication interface 906 may mstead welude circuitry
and components capable of comnwnicaung with wireless terminal 20 over a radio
fink, such as an antenna and radiofrequency transmilter and recerver,

FIGURE 10 is a flowchart ilustvating example operation of a parlicular
embodiment of network node 900 in managing the transmission power of wireless
termingl 20 in transmitting uplink control messages 72, The steps illustated in
FIGURE 10 may be combined, modified, or deleted where appropriate.  Additonal
steps may also be added 10 the example operation. Furthermore, the described steps
may be performed v any suitable order.

Operation begins in this example with network node 900 scheduling a wireless
ternmnal fo recetve downlink transmissions on component carriers in cell 60 during a
patticular subframe at step 1000, For purposes of this example u is assumed that,

during the relevant subframe, network node 900 schedules wireless ternunal 20 to
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receive rapsmissions on the primary component carmer and at least one of the
secondary carriers configuued for cell 60,
In order {o mabage the amount of power wireless ferminal 20 will use m

confirming receipt of the downlink control messages 70, network node 9006 may

LA

detennine, at step 1002, a first power control parameter for wiveless terpnal 20 to use
i transmitting uplink control messages i accordance with a first format that permits
witeless ferminal 20 to comnunicate feedback information relating {o ondy a single
component carrier (in this case. the primary component carrier for celt 60). Once the
(irst power control parameter has been generated, network node 9080 may generate, at
10 step 1004, PCC contrel message 70a that includes the first power control parameter
and scheduling information schedaling wiveless terminal 20 a travsmission on the
primary component carmier during the subframe.
Because in this example network node 900 has scheduled wireless terminal 20
1o receive a ransnussion on at least one secondary conponent carrier in addition to
15 the prinmary component carrier, network node 900 also deternunes one or more
additional power control patameters for the wireless terminal to use in ransmitiing an
uplink control message 72 in accordance with a secomd format at step 1006, This
second uplink control message format permits wireless terminal 20 10 communicate
feedback information relating to waltipte component carriers.
20 As noted above, base station 32 may determine the one or more additional
power control parameters in any appropriafe manner depending on the configurstion
and capabilities of base station 32, For example, in particulsr embodiments, base
station 32 way determmne a single power conirol parameter for use by wireless

terminal 20 in responding to SCC control messages 70b-d scheduling transnuissions

ty
LA

on secondary component esriers and may inclade this same power control paraneter
n all SCC control messages 70b-d. Base station 32 may determine this single power
control parameter based on the number of component carciers configured for cell 60,
based oun the number of component carriers scheduled for wireless terminal in this
subframe, based on the specilic component carriers scheduled or configored (2.g.,
30 using a lookap table similar to those 1 FIGURES 3A-3D), andior based on any other
appropriate factoy or consideration. In alternative embodiments, base station 32 may
determine wultiple different power conwol parameters, one for each secondary

component carier on which wireless terminal 20 is scheduled to receive a
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transmission diving the sabframe.  In general, base station 32 may use any soitable
techaique to determine the one or more additional power control parameters.

After determining the additional power control parameter(s}, base station 32
generates one o more SCC control messages (e.g., SCC countrol messages 70b-d} w
step 1008, one for sach of the secondary component carriers on which base staton 32
has scheduled wireless {ernuinal 20 to received transnussions daring the relevant
subframe. The SCC control message(s) each include the additional power contrel
parameter or. if multiple are genemted, one of the additional power control
parameters, Base station 32 then transmits PCC contrel message 70a and SCC control
messages 70b-d (o wiveless terminal 20 at step 1010, Operation of base station 32
with respect to tansmitting downlink control messages 70 may then ternipate as
shown in FIGURE 10

FIGURES 1t and 12 are flowcharns iflustrating example operation of a
particular embodiment of network node 900 in decoding information transnyitied by
wireless terminal 20, fn particular, FIGURE 11 illustrates an example in which
meiwork node 900 implements the Gust algorithm described above on an uplink
contral message 72 carrying six or fewer feedback bits, and FIGURE 12 illusirates an
example in which wetwork node 900 implements the second algorithm described
above on an uplink control message 72 carrying more than six feedback bits. Certain
embodiments of nelwork node 900 may be capable of implementing only one of the
algorithms, while other embodimenis may be capable of implementing both. In
particutar embodiments, network node 200 may be configured to select an appropriate
algordhm to use based on the namber of component carriers currently configured for
use i cefl 60, The steps illustrated in FIGURES 11 and 12 may he combined,
modified, or deleted wheve gppropriate.  Additiong! 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 fransmitting one or
more downlink control messages 70 o wireless ternunal 20 at step 1100, The
downdink control messages 70 mclude scheduling tnformation schediding wireless
ternuinal 26 fo receive transmissions on a plarality of component carriers conflgured
for cell 60, Wireless terminal 20 receives the transnutted doswnlink control messages

70 and attempts to decode them. Because network node 900 and wireless terminal 20
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commanicate over an imperfect channel, network node 900 may not receive some of
the ransmitied downlink control messages 70 at all or may be unable to decode some
of these downlink control messages 70 because of corruption cccwrring during

transoyission.  As @ result, wireless ternunal 20 will respond to downlink control

e

messages 70 by generating feedback mfornmtion (eg, HARQ feedback bits in

embodiments implementing LTE) indicating the component carriers f{or which

wireless terminal 20 successfully received scheduled sransnussions.

Wireless terminal 20 then encodes the unencoded feedback information. For
the example in FIGURE 11, it is assumed that the feedback information mcludes six
10 or less bits and that wireless terminal 20 encodes the feedback information using a

first-order Reed Muller code.  Alter encoding the feedback information, wireless
terminal 20 ansmits the encoded feedback information fo network nede 200 as part
of an uplink control message 72 {e.g., as part of a UCT message on the PUCCH m
embodiments implementing LTE).

5 Network node 900 receives the transmitted aplink control message 72, which
mcludes a vector of encoded information bits as shown at step 1102, This vector of
encoded information bits comprises an encoded veprasentation of the feadback
nformation bits generated by wireless termingl 20, ngt the signal strength of the
encoded bits may potentizily have been deteriorated as a vesult of transmission over

20 the radio channel between wireless terminal 20 and network node 900, As a result,

network npode 900 attempts to decode the encoded feedback information and to

determine the original unencoded feedback information.  As part of this process,
network node 900 generates a vector of transform values by performing a Hadamard

Transform on the received vector af siep 1104,

g
L

Because network node 900 has the benefit of knowing which component
carriers network node 900 scheduled wireless terhunal 20 on for the carrent subframe,
network node 200 can use this information to eliminate certsin possibilities for the bit
combinations transmitied by wireless terminal 20, Thus, at step 1106, network node
4900 identilies a subset of the transform values based on scheduling mnformation
30 associated with the wireless terminal 20, Each tranaform value reflects the likelibood
that a feedback information bit sequence associated with that transform value was the
original, unencoded information bit sequence generited by wiveless terminal 20, By

Hmiting analysis of tansform values to only those transform vakues associated with
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realistic candidates, particulay embodiments of network node 900 can sigreficantly
reduce the processing resources used o deternung the best estimale of the origial
feedback information.

For example, i partcular embodiments, neiwork node 900 may siore the
schedubing informanion incluaded in the varicus downlink couirol messages 70
iransmitied to wiveless terwnnal 20, This schedaling mfonmation may ncfude an
indication of the component carviers on which wireless terminal 20 is scheduled to
receive (ransinissions, information indicating whether wireless terminal is pernutted
to transmit scheduling requests duting this subfiame, andfor any other appropriate
mformation pertanuing {0 the iransmission resources wireless lerminal 20 is permitied
o use daring the subframe or the manner in which wireless tevminal 20 is penmitted to
use such resources. Upon receiving the encoded feedback information, network node
900 uses the stored schedaling information to determine on which component carriers
network node D00 did not schedule wireless terminal 20 to recetve a transmission
dwring the relevant subframe.  Because network node 900 does not wansmit any
scheduling information to wireless terminal 20 for component carriess on which
network node 900 did not schedude wireless terminal 20 {0 recerve a transmission,
petwork node 900 can safely assume in pardeular embodiments that the origingl
feedback information generated by wireless termingd 20 did not indicate receipt of
scheduling information for any sach componant carviers. Based on this assumption,
network mode 900 can form the subset by eliminating possible candidates for the
original, unencoded feedback information that would indicate wireless terminal 20 did
recetve scheduling information for unscheduled component carriers.

At step 1108, network node 900 selects, from the subset of transform values,
one of the transform values based on 2 magnitude of the selected transform value.
Accordingly, network node 900 may then determine an estimate of the onginal,
unencoded feedback information based on a bil sequence associated with the selected
wansform value at step 1110, For example, i particulsr embodiments. each
teansformed value in the vector of transform values is associated with two potential
candidates for the original, snencoded feedback mformation. and network node 900
selects one of those candidates based on a sign (i.¢., positive or negative) of the

gansformed value.
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After decoding the original information bits, network node 900 may take
appropriate actions based on the decoded information. For instance, if the decoded
mformation indicates that wireless terminal 20 did not successfully receive a
transmission  scheduled for certain component camers that nefwork node 900
scheduled for wireless tenninal 20, network node 900 may, depending on the
crreumstances, decide io re-schedule some or alt of the dowsnlink transnussions.. The
relevant downlink ansimissions may be selected based. in some manner, on the
decoded feedback bits. Once network node 900 has completed decoding the original
information bits, operation of network node 900 may end as indicated in FIGURE 11,

FIGURE 12 Hlustrates example operation of an embodiment of network node
900 in which network node 900 apphbes a second algorithin to decode the received
feedback mformation. When the original, unencoded feedback information mcludes
more than six bits, it may be more elficient for network node 900 to apply a simlar
technique to that desceribed above for six bits of the encoded feedback informaton but
to test hypotheses for the remaining bits.  As a result, FIGURE 12 illasirates an
example operation for an embodiment of network node 900 configured to do this,

Operation m this example begins at step 1200 with netwark node 900
transuuiting one or more downlink control messages 70 (¢ wireless termunal 20,
Operation proceeds v 8 simitlar manner to that deseribed above with network node
900 recerving an uphink conirol message 72 wansmntted by wiveless terminal 20 that
containg a vector of encoded information bits at step 1202,

At step {204, vetwork node 900 determines a plurality of bypothesized
sequences corrgsponding to a fisst group of the unencoded feedback bits. fn particular
embodiments, the nuember of unencoded feedback bits in this first group is equal to
the amount by which the ongiual infornmation bit sequence exceeds <X bits, For
exanple, if the original, unencoded feedback mformation tnchided ten bits, setwork
node 900 would determine every possible combinaion for the remaining bits——that s,
every possible 4-bit sequence. However, if network node 900 knows that centain
combinations are not possible based on the scheduling information originally
transpmited fo wireless terminal 20, network node 900 may be able fo eluninate
certain sequences. For exanple, if network node 900 did not schedule component
carriers assoctated with the [inal two bits of the ten bits of feedbuck information,

network node 800 may be able to eliminate the 4-bif sequences that do not have zeros
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{or the predetermined value indicating non-receipt} for the relovant bits as possible
candidates.
After determining the possible hypothesized sequences for the bits in the firgt

group, vetwerk node 200 multiplies the received vector by a covenng vector

A

assoctated with each possible hypothesized sequence 1o generate a modified recetved
vector for each hypothesized sequence (of bits in the first group) at step 1206, At siep
1208, network node 900 performs a Hadamard Transform on each of the modified
received vectors to obtain a wansformed vector assoctated with each possible
hypolhesized sequence (of bits in the first group). Additonally, each of the transform
10 values is assoctated with one or more bit sequence estimates for the second group of
bits in the wnencoded feedback information. This second group inchades the bit of the
unencoded feedback information that are vot inctaded in the frst group (for purposes
of this example, the second group includes the {irst six bits of the unencoded feedback

information).

i~
4

Network node 900 then ideatifies a subset of the wansform values in all of the
transform vectors based on the known scheduling information for wirefess terminal 20
al step 1210, In particalar embodiments, network node 900 may form the subgroup of
transformed values by eliminating those tansformed values associated with estimates
{of the second group of original informavon bits) that would indicate wireless
20 terminal received scheduling information for component carriers on which network
node 9060 did not schedule wireless terminal 20 o receive a Gransmission.  For
example, if the second group of bits included information about Conponent Carrier 0,
Componest Carrier {, and Compovent Cagrier 2, and network node 900 did not

schedule wireless terminal 20 to receive any (ransnissions on Component Carrier |

9
L

this subfranme, network node 900 would identify the subgroup by eliminating from
consideration all wransform values associated with estmates for the second group of
bits that would indicate that wireless terniinal 20 received scheduling information for
Componest Cartier 1,

Network node 900 then selects rom the identified subset of transform values a
30 wansform value based on a magnitude of the selected wansform value af step 1212,
For exampie, in particuiar embodiments, each transform value reflects the likelihood
that one of the associated bit sequence estimates correctdy 1dentifies the second group

ol bits in the original feedback information. In such emboduments, network node 900
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selects, from the sdentified sabset of tansform valnes, the tmusform valug with the
greatest magnifude.  Network node 200 may do this by directly identifying the
transform value with the overall greatest magnitude. Alternatively, network node 900
may do this ieratively by identifving intermediate “best” values representing the
uansform value with the greatest wagnitude for each transfovm vector and then
selecting the preatest from among the intermediate vakses for each transform veclor.

At step 1214, network node 900 determines an estimate of the wnencoded
feedback information. in particular embodiments, this estimate 1s formed from an
estimate of the first group of unencoded feedback bits wd an estimate of the second
group of unencoded feedback bits, The estimate of the furst group of unencoded
feedback bits is determined based on the hypothesized sequence associated with the
modified vector that was used to generate the sejected transform valve. The estimate
of the second group of unencoded feedback mformation is a selected one of the bit
sequence estimates associated with the selected wansform valwe. For example, in
particular embodiments, each wansform value s associated with two bit sequence
estimates for the second group and network node 900 selects one of the two it
sequience estimales based on a sign of the selecied wansform valne

After completing the decoding, network node 900 may take appropriate
actions based on the decoded information.  For example. depending on the
circumnsiances, network node 900 may decide (o rafransmit certain 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, wansformations, and modifications may
be sugpested to ope skilled in the art, and # is intended that the present invention
enconpass such changes, variations, alterations, transformations, and modifications ag

fall within the scope of the appended claims.
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CLAIMS:

1. A method of operating a wireless communication 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 (704), at said wireless terminal (20), one or more downlink control
messages (70) transmitted by said 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;

determining (706), 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;

the wireless terminal (20) selecting (708, 710) a format for a single 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, wherein the format is
selected from:

a carrier aggregation format that includes one or more feedback bits for each
of the configured carriers; and

a single carrier format that includes feedback information for the primary
carrier but does not include separate feedback bits for the at least one secondary
carrier;

generating (712) said uplink control message (72) based on the selected
format, wherein said 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 (714) the uplink control message (72) to the base station (32).

2. The method of Claim 1, wherein generating an uplink control message

(72) comprises generating an uplink control message (72) that includes a scheduling
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request requesting that the wireless terminal (20) be scheduled to transmit data to the

base station (32).

3. The method of Claim 1, wherein the base station (32) is configured to
permit communication with the wireless terminal (20) using the primary carrier and a
plurality of secondary carriers, and wherein the wireless terminal (20) selecting the
format for the uplink control message (72) comprises:

the wireless terminal (20) 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
a downlink transmission on a secondary carrier, selecting the carrier aggregation

format for the uplink control message (72).

4. The method of Claim 1, wherein:
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
the wireless terminal (20) selecting a format for an uplink control message
(72) comprises:
the wireless terminal (20) 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
(20) to receive a downlink transmission on the primary carrier, selecting the

single carrier format for the uplink control message (72).
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5. The method of Claim 1, further comprising:

receiving configuration information for the base station (32), 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
(32); and

storing the configuration information at the wireless terminal (20), and
wherein determining 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 a secondary carrier comprises
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.

6. The method of Claim 1, wherein receiving one or more downlink
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, PDCCH; and

transmitting the uplink control message (72) comprises transmitting an uplink

control information, UCI, message over a Physical Uplink Control CHannel, PUCCH.

7. 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
downlink transmission on either a primary carrier or a secondary carrier during a first
subframe;

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 carrier or a downlink transmission on a secondary

carrier;
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select a format 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 during the first subframe, wherein the
format is selected from:

a carrier aggregation format that includes separate feedback
information for each of the configured carriers; and

a single carrier format that includes feedback information for the
primary carrier but does not include separate feedback bits for the at least one
secondary carrier; 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 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).

8. The apparatus of Claim 7, 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).

9. The apparatus of Claim 7, wherein the processor (602) is operable to
select the format for the uplink control message (72) by:

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
a downlink transmission on a secondary carrier, selecting the carrier agregation

format for the uplink control message (72).
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10.  The apparatus of Claim 7, wherein:
the receiver (608) is operable to receive one or more downlink control
messages (70) by receiving only a single downlink control message (70) for the first
subframe; and
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
in response to 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, selecting the

single carrier format for the uplink control message (72).

11.  The apparatus of Claim 7, 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);

the apparatus further comprises memory operable to store the configuration
information; 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
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.

12.  The apparatus of Claim 7, wherein:

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, PDCCH; and
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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, PUCCH.



