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FLEXIBLE UPLINK CONTROL CHANNEL CONFIGURATION 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] 	This application claims priority from co-pending U.S. Provisional Patent 

Application No. 61/321,858, filed April 7, 2010, entitled "FLEXIBLE CHANNEL 

QUALITY INDICATOR CONFIGURATION" and from co-pending U.S. Provisional 

Patent Application No. 61/304315, filed February 12, 2010, entitled "FLEXIBLE HS- 

DPCCH MAPPING IN 4C-HSDPA," each of which is hereby incorporated by 

reference, as if set forth in full in this document, for all purposes. 

BACKGROUND 

[0002] 	The following relates generally to wireless communication, and more 

specifically to transmission of downlink channel quality information in multi-carrier 

wireless communication systems. Wireless communication systems are widely 

deployed to provide various types of communication content such as voice, video, 

packet data, messaging, broadcast, and so on. These systems may be multiple-access 

systems capable of supporting communication with multiple users by sharing the 

available system resources (e.g., time, frequency, and power). Examples of such 

multiple-access systems include code division multiple access (CDMA) systems, time 

division multiple access (TDMA) systems, frequency division multiple access (FDMA) 

systems, 3GPP Long Term Evolution (LTE) systems, and orthogonal frequency division 

multiple access (OFDMA) systems. 

[0003] 	Generally, a wireless multiple-access communication system may include a 

number of base stations to simultaneously support communication for multiple mobile 

terminals. Each mobile terminal communicates with one or more base stations via 

transmissions on the forward and reverse links. A reference to a "downlink" refers to 

the communication link from the base stations to the terminals, and a reference to an 

"uplink" refers to the communication link from the terminals to the base stations. The 

system may support operation on multiple carriers. Each carrier may be associated with 

a particular center frequency and a particular bandwidth. Each carrier may carry pilot 

and overhead information to support operation on the carrier, and carry data for 

terminals operating on the carrier. 
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100041 	Downlink channel quality information may be measured by each mobile 

terminal. When multiple carriers are used on the downlink for transmission to a mobile 

terminal, the configuration of the transmission of this information on the uplink may 

present challenges in power conservation and mapping. 

SUMMARY 

[0005] 	The described features generally relate to the uplink transmission of downlink 

channel quality information measured at a mobile terminal. Further scope of the 

applicability of the inventive aspects will become apparent from the following detailed 

description, claims, and drawings. The detailed description and specific examples are 

given by way of illustration only, since various changes and modifications within the 

spirit and scope of the description will become apparent to those skilled in the art. 

[0006] 	Systems, methods, devices, and computer program products are described for 

transmission of downlink channel quality information in a multi-carrier wireless 

communication system. Channel quality information may be estimated for a number of 

downlink carriers. An uplink control channel may be configured based on the number of 

activated carriers, and whether those carriers are configured with MIMO. Thus, the 

frame structure, coding, and mapping for the uplink control channel may be flexible 

based on the number of activated carriers. The feedback cycle for the channel quality 

information may remain constant. In one example, channel quality information is 

grouped for one or more carriers in a single codeword. The codeword may be repeated. 

In some examples, a codeword is repeated and power consumption in a transmitting 

device is reduced. 

[0007] 	In one set of examples, a method for wireless communications includes 

estimating channel quality information for a plurality of downlink carriers, and 

configuring an uplink control channel based at least in part on a number of activated 

carriers in the plurality. The configuration of the uplink control channel may include 

repeating a codeword within a portion of a transmit timing interval when there is a first 

number of activated carriers in the plurality, and reducing power in a mobile device 

transmitting the uplink control channel responsive to the repeating. The uplink control 

channel may be configured to maintain a constant feedback cycle for different numbers 

of activated carriers. 
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[0008] 	Configuring the uplink control channel may include encoding, when there is a 

first number of activated carriers in the plurality, channel quality information for a first 

carrier in a first codeword and channel quality information for a second carrier in a 

second codeword; and grouping the first codeword and the second codeword for 

transmission within a transmit timing interval. Configuring the uplink control channel 

may further include grouping, when a second number of the plurality of downlink 

carriers are activated, channel quality information for a first carrier in a third codeword; 

and repeating the codeword in the transmit timing interval. 

[0009] 	Configuring the uplink control channel may include encoding, when there is a 

first number of activated carriers in the plurality, acknowledgement information for a 

first carrier and a second carrier using a first codeword and acknowledgement 

information for a third carrier and a fourth carrier using a second codeword; and 

grouping the first codeword and the second codeword for transmission within a slot of a 

transmit timing interval. Configuring the uplink control channel may further include 

encoding, when there is a second number of activated carriers in the plurality, 

acknowledgement information for one or more carriers using a third codeword; and 

repeating the third codeword within the slot of the transmit timing interval. 

[0010] 	Configuring the uplink control channel may include encoding, when there are 

three activated carriers in the plurality, acknowledgement information for a first carrier 

and a second carrier using a first codeword and acknowledgement information for a 

third carrier using a second codeword; and grouping the first codeword and the second 

codeword for transmission within a slot of a transmit timing interval. Configuring the 

uplink control channel may include encoding acknowledgement information for one or 

more carriers using a first codeword for transmission within a half-slot of a transmit 

timing interval. Configuring the uplink control channel may include configuring an 

uplink control channel based at least in part on whether one or more of the plurality of 

downlink carriers are configured with MIMO. Configuring the uplink control channel 

may include using a first spreading factor for a portion of transmit timing interval when 

there is a first number of activated carriers in the plurality; and using a second spreading 

factor for the portion of transmit timing interval when there is a second number of 

activated carriers in the plurality, the second number different from the first number. 

Configuring the uplink control channel may include encoding, when there is a 

discontinuous transmission for one or more activated carriers in the plurality, 
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acknowledgement information for the one or more carriers using a codeword signifying 

a discontinuous transmission. Configuring the uplink control channel may include 

mapping a first carrier to a first portion of a transmit timing interval when there is a first 

number of activated carriers in the plurality; and mapping the first carrier to a second 

portion of a transmit timing interval when there is a second number of activated carriers 

in the plurality, the second number different from the first number. 

[0011] 	Configuring the uplink control channel may include identifying at least four 

carriers, the four carriers associated with a logical sequential order; identifying 

deactivation of one of the at least four carriers; and preserving a logical sequential order 

of remaining active carriers on the uplink control channel. Configuring the uplink 

control channel may include identifying activation of a first number of carriers; 

identifying activation of an additional earlier; and changing configuration of the uplink 

control channel responsive to the activation of the additional carrier. 

[0012] 	In another set of examples, a mobile terminal for wireless communications 

may include a channel quality information measurement module configured to estimate 

channel quality information for a plurality of downlink carriers; and a feedback encoder 

module, communicatively coupled with the channel quality information measurement 

module, and configured to modify an uplink control channel based at least in part on a 

number of activated carriers in the plurality. 

[0013] 	The feedback encoder module may modify the uplink control channel by 

repeating a codeword for a portion of a transmit timing interval when there is a first 

number of activated carriers in the plurality; and using varied codewords for the portion 

of the transmit timing interval when there is a second number of activated carriers in the 

plurality, the second number different from the first number. The feedback encoder 

module may modify the uplink control channel by repeating a codeword in a transmit 

timing interval; and reducing transmission power in the mobile terminal responsive to 

the repetition. The feedback encoder module may maintain a constant feedback cycle 

for different numbers of activated carriers. 

[0014] 	The feedback encoder module may modify the uplink control channel by 

grouping, when a first number of the plurality of downlink carriers are activated, 

channel quality information for a first carrier in a first codeword; and repeating the 

codeword in a portion of a transmit timing interval. The feedback encoder module may 
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modify the uplink control channel by encoding, when there is a second number of 

activated carriers in the plurality, channel quality information for a first carrier in a 

second codeword and channel quality information for a second carrier in a third 

codeword; and grouping the second codeword and the third codeword for transmission 

within the portion of the transmit timing interval. 

[0015] 	The feedback encoder module may modify the uplink control channel by 

encoding, when there is a first number of activated carriers in the plurality, 

acknowledgement information for a first carrier and a second carrier using a first 

codeword and acknowledgement information for a third carrier and a fourth carrier 

using a second codeword; and grouping the first codeword and the second codeword for 

transmission within a slot of a transmit timing interval. The feedback encoder module 

may modify the uplink control channel by encoding, when there is a second number of 

activated carriers in the plurality, acknowledgement information for two carriers using a 

third codeword; and repeating the third codeword within the slot of the transmit timing 

interval. The feedback encoder module may modify the uplink control channel by 

encoding, when there are three activated carriers in the plurality, acknowledgement 

information for a first carrier and a second carrier using a first codeword and 

acknowledgement information for a third carrier using a second codeword; and 

grouping the first codeword and the second codeword for transmission within a slot of a 

transmit timing interval. 

[0016] 	The feedback encoder module may modify the uplink control channel by 

encoding acknowledgement information for one or more carriers using a first codeword 

for transmission within a half-slot of a transmit timing interval. The feedback encoder 

module may modify the uplink control channel by encoding, when there is a first 

number of activated carriers in the plurality, acknowledgement information for the one 

or more of the activated carriers using a codeword signifying a discontinuous 

transmission. The feedback encoder module may modify an uplink control channel 

based at least in part on whether one or more of the plurality of downlink carriers are 

configured with MIMO. The feedback encoder module may modify the uplink control 

channel by using a first spreading factor for a portion of a transmit timing interval when 

there is a first numbcr of activated carriers in the plurality; and using a second spreading 

factor for the portion of the transmit timing interval when there is a second number of 

activated carriers in the plurality, the second number different from the first number. 

5 



WO 2011/100627 
	

PCT/US2011/024643 

The feedback encoder module may modify the uplink control channel by mapping a 

first carrier to a first portion of a transmit timing interval when there is a first number of 

activated carriers in the plurality; and mapping the first carrier to a second portion of a 

transmit timing interval when there is a second number of activated carriers in the 

plurality, the second portion different from the first portion. In one example, at least 

four carriers are activated, the four carriers associated with a logical sequential order; 

and when one of the at least four carriers are de-activated, the logical sequential order of 

the remaining active carriers is preserved in the uplink control channel. In another 

example, the channel quality information measurement module is further configured to 

identify a first number of carriers; and identify activation of an additional carrier; and 

the feedback encoder module is further configured to modify configuration of the uplink 

control channel responsive to the activation of the additional carrier. 

[0017] 	In another set of examples, a device for wireless communications includes 

means for estimating channel quality information for a plurality of downlink carriers; 

and means for configuring an uplink control channel based at least in part on a number 

of activated carriers in the plurality. The means for configuring the uplink control 

channel may include means for repeating a codeword within a portion of a transmit 

timing interval when there is a first number of activated carriers in the plurality. The 

means for configuring the uplink control channel may include means for reducing 

power in a mobile device transmitting the uplink control channel responsive to the 

repeating. The means for configuring the uplink control channel may maintain a 

constant feedback cycle for different numbers of activated carriers. The means for 

configuring the uplink control channel may include means to configure an uplink 

control channel based at least in part on whether one or more of the plurality of 

downlink carriers are configured with MIMO. 

[0018] 	In another set of examples, a computer program product includes a computer-

readable medium with code for causing a computer to estimate channel quality 

information for a plurality of downlink carriers; and code for causing a computer to 

configure an uplink control channel based at least in part on a number of activated 

carriers in the plurality. There may be code for causing a computer to repeat a 

codeword within a portion of a transmit timing interval when there is a first number of 

activated carriers in the plurality. There may be code for causing a computer to reduce 

power in a mobile device transmitting the uplink control channel responsive to the 
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repeating. There may be code for causing a computer to configure an uplink control 

channel based at least in part on whether one or more of the plurality of downlink 

carriers are configured with MIMO. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 	A further understanding of the nature and advantages of the present invention 

may be realized by reference to the following drawings. In the appended figures, 

similar components or features may have the same reference label. Further, various 

components of the same type may be distinguished by following the reference label by a 

dash and a second label that distinguishes among the similar components. If only the 

first reference label is used in the specification, the description is applicable to any one 

of the similar components having the same first reference label irrespective of the 

second reference label. 

[0020] 	FIG. 1 is a block diagram of a radio access system having two radio network 

subsystems along with its interfaces to core and user equipment. 

100211 	FIG. 2 is a simplified representation of a cellular communications system. 

[0022] 	FIG. 3 is a block diagram of a portion of the communication system where a 

Node B and a radio network controller interface with a packet network interface. 

[0023] 	FIG. 4 is a block diagram of the user equipment (UE). 

[0024] 	FIG. 5 is a functional block flow diagram of signals through structures of a 

transmitter. 

[0025] 	FIG. 6 is a block diagram of a mobile terminal. 

[0026] 	FIG. 7 is a block diagram of an encoder module for a mobile terminal. 

[0027] 	FIG. 8 is a block diagram of a control channel configuration for transmitting 

channel quality information (CQI) and acknowledgement data when four MIMO 

carriers are activated. 

[0028] 	FIG. 9 is a block diagram of a control channel configuration for transmitting 

CQI and acknowledgement data when four non-MIMO carriers are activated. 
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[0029] 	FIG. 10 is a block diagram of an alternative control channel configuration for 

transmitting CQI and acknowledgement data when four non-MIMO carriers are 

activated. 

[0030] 	FIG. 11 is a block diagram of a control channel configuration for transmitting 

CQI and acknowledgement data when three carriers are activated. 

[0031] 	FIG. 12 is a block diagram of a control channel configuration for transmitting 

CQI and acknowledgement data when two carriers are activated. 

[0032] 	FIGS. 13-16 arc block diagrams of various control channel configurations for 

transmitting acknowledgement data when two carriers are activated. 

[0033] 	FIGS. 17-19 are a block diagrams of various control channel configurations 

for transmitting CQI and acknowledgement data when two carriers are activated. 

[0034] 	FIG. 20 is a flowchart illustrating an implementation of a CQI transmission. 

[0035] 	FIG. 21 is a flowchart illustrating an alternative implementation of a CQI 

transmission. 

[0036] 	FIG. 22 is a flowchart of illustrating an alternative implementation of a CQI 

transmission. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] 	Systems, methods, devices, and computer program products are described for 

transmission of downlink channel quality information in a multi-carrier wireless 

communication system. Channel quality information (which may also be referred to 

herein as "CQT") may be estimated for a number of downlink carriers. An uplink control 

channel may be configured based on the number of activated carriers, and whether those 

carriers are configured with MIMO. Thus, the frame structure, encoding, and mapping 

for the uplink control channel may be flexible based on the number of activated carriers. 

The feedback cycle for the channel quality information may remain constant. In one 

example, channel quality information is grouped for one or more carriers in a single 

codeword, and the codeword may be repeated in certain instances. In some examples, a 

codeword is repeated and power consumption in a transmitting device is reduced. 
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[0038] 	This description provides examples, and is not intended to limit the scope, 

applicability, or configuration of the invention. Rather, the ensuing description will 

provide those skilled in the art with an enabling description for aspects of the invention. 

Various changes may be made in the function and arrangement of elements without 

departing from the spirit and scope of the invention. 

[0039] 	Thus, various embodiments may omit, substitute, or add various procedures or 

components as appropriate. For instance, it should be appreciated that the methods may 

be performed in an order different from that described, and that various steps may be 

added, omitted, or combined. Also, features described with respect to certain examples 

may be combined in various other examples. 

[0040] 	It should also be appreciated that the following systems, methods, and 

software may individually or collectively be components of a larger system, wherein 

other procedures may take precedence over or otherwise modify their application. Also, 

a number of steps may be required before, after, or concurrently with the following 

embodiments. 

[0041] 	Systems, methods, devices, and computer program products are described for 

transmission of downlink channel quality information in a multi-carrier wireless 

communication system. Channel quality information may be estimated for a number of 

downlink carriers. An uplink control channel may be configured based on the number 

of activated carriers. Techniques described herein may be used for various wireless 

communication systems such as CDMA, TDMA, FDMA, OFDMA, and other systems. 

The terms "system" and "network" are often used interchangeably. A CDMA system 

may implement a radio technology such as CDMA2000, Universal Terrestrial Radio 

Access (UTRA), etc. CDMA2000 covers IS-2000, IS-95, and IS-856 standards. IS- 

2000 Releases 0 and A are commonly referred to as CDMA2000 IX, IX, etc. IS-856 

(TIA-856) is commonly referred to as CDMA2000 IxEV-DO, High Rate Packet Data 

(HRPD), etc. UTRA includes Wideband CDMA (WCDMA) and other variants of 

CDMA. A TDMA system may implement a radio technology such as Global System 

for Mobile Communications (GSM). An OFDMA system may implement a radio 

technology such as Ultra Mobile Broadband (UMB), Evolved UTRA (E-UTRA), IEEE 

802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and 

E-UTRA are part of Universal Mobile Telecommunication System (UMTS). 3GPP 
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Long Term Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS 

that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A, and GSM are described in 

documents from an organization named "3rd Generation Partnership Project" (3GPP). 

CDMA2000 and UMB are described in documents from an organization named "3rd 

Generation Partnership Project 2" (3GPP2). The techniques described herein may be 

used for the systems and radio technologies mentioned above as well as other systems 

and radio technologies. The description below, however, describes an LTE system for 

purposes of example, and LTE terminology is used in much of the description below, 

although the techniques are applicable beyond LTE applications. 

[0042] 	Thus, the following description provides examples, and is not limiting of the 

scope, applicability, or configuration set forth in the claims. Changes may be made in 

the function and arrangement of elements discussed without departing from the spirit 

and scope of the disclosure. Various examples may omit, substitute, or add various 

procedures or components as appropriate. For instance, the methods described may be 

performed in an order different from that described, and various steps may be added, 

omitted, or combined. Also, features described with respect to certain examples may be 

combined in other examples. 

[0043] 	Referring first to FIG. 1, a block diagram illustrates an example of a wireless 

communication system 100. Node Bs 105 and radio network controllers (RNCs) 120 

are parts of the radio network 100. The radio network may be a UMTS Terrestrial 

Radio Access Network 130 (UTRAN). A UTRAN 130 is a collective term for the Node 

Bs 105 (or base stations) and the control equipment for the Node Bs 105 (or ANC 120) 

it contains which make up the UMTS radio access network. This is a 3G 

communications network which can cam/ both real-time circuit switched and TP-bascd 

packet-switched traffic types. The UTRAN 130 provides an air interface access method 

for the user equipment (UE) 115. Connectivity is provided between the UE 115 and the 

core network 125 by the UTRAN 130. The radio network 100 may transport data 

packets to multiple UEs 115. 

[0044] 	The UTRAN 130 is connected internally or externally to other functional 

entities by four interfaces: Iu, Uu, Iub and Tun The UTRAN 130 is attached to a GSM 

core network 125 via an external interface called Iu. RNCs 120 support this interface. 

In addition, the RNCs 120 manage a set of base stations called Node Bs 105, through 
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interfaces labeled Tub. The Iur interface connects the two RNCs 120-a, 120-b with each 

other. The UTRAN 130 is largely autonomous from the core network 125 since the 

RNCs 120 are interconnected by the Ittr interface. FIG. 1 discloses a communication 

system which uses the RNC 120, the Node Bs 105 and the Iu and Uu interfaces. The 

Uu is also external and connects the Node Bs 105 with the UE 115, while the Iub is an 

internal interface connecting the RNCs 120 with the Node Bs 105. 

[0045] 	The radio network 100 may be further connected to additional networks 

outside the radio network 100, such as a corporate intranet, the Internet, or a 

conventional public switched telephone network as stated above, and may transport data 

packets between each UE 115 and such outside networks. Each UE 115 may measure 

channel quality information for a number of downlink carriers. An uplink control 

channel may be configured by a UE 115 based on the number of activated carriers, and 

whether those carriers are configured with MIMO. Thus, a UE 115 may flexibly 

configure the frame structure, encoding, and mapping based on the number of activated 

carriers. 

[0046] 	FIG. 2 illustrates examples of selected components of a communication 

network 200 within which aspects of the invention may be implemented. 

Communication network 200 includes RNCs 120 coupled to Node Bs 105. This 

communication network 200 may be an example of the wireless communication system 

100 of FIG. 1. The Node Bs 105 communicate with UEs 115 through corresponding 

wireless connections 235, 240, 245, 250. As described above, a communications 

channel includes a forward link (also known as a downlink) 235 for transmissions from 

the Node Bs 105 to the UE 115, and a reverse link (also known as an uplink) 240 for 

transmissions from the UE 115 to the Node Bs 105. There may be multiple downlink 

carriers. Each UP 115 may measure or otherwise estimate the channel quality on each 

downlink carrier. Each UE 115 may transmit this estimated channel quality information 

to a Node B 105 in the manner described herein. 

[0047] 	The RNCs 120 provide control functionalities for one or more Node Bs 105. 

The RNCs 120 are coupled to a public switched telephone network (PSTN) 205 through 

mobile switching centers (MSC) 210. In another example, the RNCs 120 are coupled to 

a packet switched network (PSN) (not shown) through a packet data server node 

(PDSN) (not shown). Data interchange between various network elements, such as the 
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RNCs 120 and a packet data server node, can be implemented using any number of 

protocols, for example, the Internet Protocol (IP), an asynchronous transfer mode 

(ATM) protocol, T1, El, frame relay, or other protocols. 

[0048] 	Each RNC 120 fills multiple roles. First, it may control the admission of new 

UEs 115 or services attempting to use the Node B 105. Second, from the Node B 105, 

or base station, point of view, the RNC 120 may be a controlling RNC 120. Controlling 

admission ensures that UEs 115 are allocated radio resources (bandwidth and 

signal/noise ratio) up to what the network has available. The RNC 120 is where the 

Node B's 105 Iub interface terminates. From the UE 115 point of view, the RNC 120 

acts as a serving RNC 120 in which it terminates the UE's 115 link layer 

communications. From a core network 125 point of view, the serving RNC 120 

terminates the Iu for the UE 115. The serving RNC 120 also controls the admission of 

new UEs 115 or services attempting to use the core network 125 over its Iu interface. 

[0049] 	For an air interface, UMTS often uses a wideband spread-spectrum mobile air 

interface known as Wideband Code Division Multiple Access (or W-CDMA). W- 

CDMA uses a direct sequence code division multiple access signaling method (or 

CDMA) to separate users. W-CDMA is a third generation standard for mobile 

communications. W-CDMA evolved from GSM (Global System for Mobile 

Communications)/GPRS a second generation standard, which is oriented to voice 

communications with limited data capability. The first commercial deployments of W- 

CDMA are based on a version of the standards called W-CDMA Release 99. 

[0050] 	The Release 99 specification defines two techniques to enable uplink packet 

data. Most commonly, data transmission is supported using either the Dedicated 

Channel (DCH) or the Random Access Channel (RACH). However, the DCH is the 

primary channel for support of packet data services. Each UE 115 uses an orthogonal 

variable spreading factor (OVSF) code. An OVSF code is an orthogonal code that 

facilitates uniquely identifying individual communication channels. In addition, micro 

diversity is supported using soft handover, and closed loop power control is employed 

with the DCH. 

100511 	Pseudorandom noise (PN) sequences are commonly used in CDMA systems 

for spreading transmitted data, including transmitted pilot signals. The time required to 

transmit a single value of the PN sequence is known as a chip, and the rate at which the 
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chips vary is known as the chip rate. Inherent in the design of direct sequence CDMA 

systems is that a receiver aligns its PN sequences to those of the Node Bs 105. Some 

systems, such as those defined by the W-CDMA standard, differentiate Node Bs 105 

using a unique PN code for each, known as a primary scrambling code. The W-CDMA 

standard defines two Gold code sequences for scrambling the downlink, one for the in-

phase component (I) and another for the quadrature (Q). The I and Q PN sequences 

together are broadcast throughout the cell without data modulation. This broadcast is 

referred to as the common pilot channel (CPICH). The PN sequences generated are 

truncated to a length of 38,400 chips. The period of 38,400 chips is referred to as a 

radio frame. Each radio frame is divided into 15 equal sections referred to as slots. W- 

CDMA Node Bs 105 operate asynchronously in relation to each other, so knowledge of 

the frame timing of one Node B 105 does not translate into knowledge of the frame 

timing of any other Node B 105. In order to acquire this knowledge, W-CDMA 

systems use synchronization channels and a cell searching technique. 

[0052] 	3GPP Release 5 and later supports High-Speed Downlink Packet Access 

(HSDPA). 3GPP Release 6 and later supports High-Speed Uplink Packet Access 

(HSUPA). HSDPA and HSUPA are sets of channels and procedures that enable high- 

speed packet data transmission on the downlink and uplink, respectively. Release 7 

HSPA+ uses three enhancements to improve data rate. First, it introduced support for 

MIMO on the downlink. Second, higher order modulation is introduced on the 

downlink. Third, higher order modulation is introduced on the uplink. 

[0053] 	In HSUPA, the Node B 105 allows several UEs 115 to transmit at a certain 

power level at the same time. These grants are assigned to users by using a fast 

scheduling algorithm that allocates the resources on a short-term basis (every tens of 

ms). The rapid scheduling of HSUPA is well suited to the bursty nature of packet data. 

During periods of high activity, a user may get a larger percentage of the available 

resources, while getting little or no bandwidth during periods of low activity. 

[0054] 	In 3GPP Release 5 HSDPA, a Node B 105 of an access network sends 

downlink payload data to UEs 115 on High Speed Downlink Shared Channel (HS- 

DSCH), and the control information associated with the downlink data on High Speed 

Shared Control Channel (HS-SCCH). There are, in some examples, 256 Orthogonal 

Variable Spreading Factor (OVSF or Walsh) codes used for data transmission. In 
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HSDPA systems, these codes are partitioned into release 1999 (legacy system) codes 

that are typically used for cellular telephony (voice), and HSDPA codes that are used 

for data services. For each transmit time interval (TTI), the dedicated control 

information sent to an HSDPA-enabled UE 115 indicates to the device which codes 

within the code space will be used to send downlink payload data (data other than 

control data of the radio network) to the device, and the modulation that will be used for 

transmission of the downlink payload data 

[0055] 	With HSDPA operation, downlink transmissions to the UEs 115 may be 

scheduled for different transmission time intervals using a number of available HSDPA 

OVSF codes. For a given TTI, each UE 115 may be using one or more of the HSDPA 

codes, depending on the downlink bandwidth allocated to the device during the TTI. 

[0056] 	In a MIMO system, there are N (# of transmitter antennas) by M (# of receiver 

antennas) signal paths from the transmit and the receive antennas, and the signals on 

these paths are not identical. MIMO creates multiple data transmission pipes. The 

pipes are orthogonal in the space-time domain. The number of pipes equals the rank of 

the system. Since these pipes are orthogonal in the space-time domain, they create little 

interference with each other. The data pipes are realized with proper digital signal 

processing by properly combining signals on the NxM paths. A transmission pipe does 

not correspond to an antenna transmission chain or any one particular transmission path. 

[0057] 	Communication systems may use a single carder frequency or multiple carrier 

frequencies. Each link may incorporate a different number of carrier frequencies. 

Furthermore, a UE 115 may be any data device that communicates through a wireless 

channel or through a wired channel, for example using fiber optic or coaxial cables. A 

UE 115 may be any of a number of types of devices including but not limited to PC 

card, compact flash, external or internal modem, or wireless or wireline phone. 

[0058] 	UE 115 that has established an active traffic channel connection with one or 

more Node Bs 105 is called active UE 115, and is said to be in a traffic state. UE 115 

that is in the process of establishing an active traffic channel connection with one or 

more Node Bs 105 is said to be in a connection setup state. The communication link 

through which the UE 115 sends signals to the Node Bs 105 is called an uplink 235. 

The communication link through which Node Bs 105 send signals to a UE 115 is called 

a downlink 240. 
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[0059] 	FIG. 3 is detailed herein below, and provides an example wherein a Node B 

105-d and RNC 120-g are in communication with a packet network interface 330. (In 

FIG. 3, only one of the Node Bs 105 and only one RNC 120 is shown for simplicity). 

The Node B I05-d and RNC 120-g may be part of a radio network 130-a (e.g., UTRAN 

130 of FIG. 1), shown in FIG. 3 as a dotted line surrounding one or more Node Bs 105 

and the RNC 120. The associated quantity of data to be transmitted is retrieved from a 

data queue 305 in the Node B 105-d and provided to the channel element 310 for 

transmission to the UE 115 associated with the data queue 305. 

[0060] 	The RNC 120-g interfaces with the Public Switched Telephone Network 

(PSTN) 205-a through a mobile switching center 210-a. Also, RNC 120-g interfaces 

with Node Bs 105 in the radio network 100 (only one Node B 105 is shown in FIG. 3 

for simplicity). In addition, the RNC 120-g interfaces with a packet network interface 

330. The RNC 120-g coordinates the communication between the UE 115 in the radio 

network 100 and other users connected to packet network interface 330 and PSTN 205-

a. The PSTN 205-a interfaces with users through a standard telephone network (not 

shown in FIG. 3). 

[0061] 	The RNC 120-g contains many selector elements 335, although only one is 

shown in FIG. 3 for simplicity. Each selector element 335 is assigned to control 

communication between one or more Node Bs 105 and one UE 115 (not shown). If the 

selector element 335 has not been assigned to a given UE 115, a call control processor 

340 is informed of the desire to page the UE 115. The call control processor 340 directs 

the Node B 105-d to page the UE 115. 

[0062] 	Data source 345 contains a quantity of data which is to be transmitted to a 

given UE 115. The data source 345 provides the data to the packet network interface 

330. The packet network interface 330 receives the data and routes the data to the 

selector element 335. The selector element 335 transmits the data to the Node B 105-d 

in communication with the target UE 115. In the exemplary embodiment, each Node B 

105 maintains a data queue 305 which stores the data to be transmitted to the UE 115. 

[0063] 	For each data packet, a channel element 310 inserts the control fields. The 

channel element 310 performs a cyclic redundancy check, CRC, encoding of the data 

packet and control fields and inserts a set of code tail bits. The data packet, control 

fields, CRC parity bits, and code tail bits comprise a formatted packet. The channel 
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element 310 encodes the formatted packet and interleaves (or reorders) the symbols 

within the encoded packet. The interleaved packet is covered with a Walsh code, and 

spread with the short PNI and PNQ codes. The spread data is provided to RF unit 320 

which quadrature modulates, filters, and amplifies the signal. The downlink signal is 

transmitted over the air through an antenna to the downlink. The memory 355 of Node 

B 105-d may include random access memory (RAM) and read-only memory (ROM). 

The control unit 350 may be an intelligent hardware device, e.g., a central processing 

unit (CPU) such as those made by Intel® Corporation or AMD®, a microcontroller, an 

application specific integrated circuit (ASIC), etc. The Node B 105-d may store, e.g., in 

the memory 355, computer-readable, computer-executable software code 315 

containing instructions that are configured to, when executed, cause the control unit 350 

to perform Node B functionality described herein. 

[0064] 	At the UE 115, the downlink signal is received by an antenna and routed to a 

receiver. The receiver filters, amplifies, quadrature demodulates, and quantizes the 

signal. The digitized signal is provided to a demodulator (DEMOD) where the digitized 

signal is despread with the short PNI and PNQ codes and decovered with the Walsh 

cover. The demodulated data is provided to a decoder which performs the inverse of the 

signal processing functions done at the Node B 105-d, specifically the de-interleaving, 

decoding, and CRC check functions. The decoded data is provided to a data sink. 

[0065] 	FIG. 4 is a block diagram 400 illustrating an example of a user equipment 

(UE) 115-f in which the UE 115-f includes transmit circuitry 405 (including PA 410), 

receive circuitry 415, power controller 420, decode processor 425, a processing unit 430 

for use in processing signals, memory 435, and one or more antennas. The transmit 

circuitry 405 and the receive circuitry 415 may allow transmission and reception of 

data, such as audio communications, between the UE 115-f and a remote location. The 

transmit circuitry 405 and receive circuitry 415 are coupled to an antenna(s) 445. 

[0066] 	The processing unit 430 controls operation of the UE 115-f The processing 

unit 430 may also be referred to as a CPU. The processing unit 430 may measure 

channel quality information for a number of downlink carriers. The processing unit 430 

may configure an uplink control channel based on the number of activated carriers, and 

whether those carriers are configured with MIMO. Thus, a processing unit 430 may 

flexibly configure the frame structure, encoding, and mapping based on the number of 
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activated carriers. The memory 435, which may include both read-only memory 

(ROM) and random access memory (RAM), provides instructions and data to the 

processing unit 430. A portion of the memory 435 may also include non-volatile 

random access memory (NVRAM). 

[0067] 	The various components of the UE 115 are coupled together by a bus system 

450 which may include a power bus, a control signal bus, and a status signal bus in 

addition to a data bus. For the sake of clarity, the various busses are illustrated in FIG. 

4 as the bus system 450. 

[0068] 	The steps of the methods discussed may also be stored as instructions in the 

form of software or firmware 440 located in the memory 435 in the Node B 105. These 

instructions may be executed by the control unit 350 of Node B 105 in FIG. 3. 

Alternatively, or in conjunction, the steps of the methods discussed may be stored as 

instructions in the form of software or firmware 440 located in the memory 435 in the 

UE 115. These instructions may be executed by the processing unit 430 of the UE 115 

in FIG. 4. 

[0069] 	FIG. 5 illustrates an example functional block flow diagram 500 for a 

transmission from a UE 115. A data source 505 provides data d(t) 506 to an FQI / 

encoder 510. The FQI / encoder 510 may append a frame quality indicator (FQI) such 

as a cyclic redundancy check (CRC) to the data d(t) 506. The FQI / encoder 510 may 

further encode the data and FQI using one or more coding schemes to provide encoded 

symbols 511. Each coding scheme may include one or more types of coding, e.g., 

convolutional coding, Turbo coding, block coding, repetition coding, other types of 

coding, or no coding at all. Other coding schemes may include automatic repeat request 

(ARQ), hybrid ARQ (H-ARQ), and incremental redundancy repeat techniques. 

Different types .of data may be encoded with different coding schemes. The FQI / 

encoder 510 may, in one example, flexibly configure the frame structure, encoding, and 

mapping based on the number of activated carriers. 

[0070] 	An interleaver 515 interleaves the encoded data symbols 511 in time to combat 

fading, and generates symbols 516. The interleaved symbols of signal 516 may be 

mapped by a frame format block 520 to a pre-defined frame format to produce a frame 

521. A frame format may specify the frame as being composed of a plurality of sub- 

segments. Sub-segments may be any successive portions of a frame along a given 
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dimension, e.g., time, frequency, code, or any other dimension. A frame may be 

composed of a fixed plurality of such sub-segments, each sub-segment containing a 

portion of the total number of symbols allocated to the frame. For example, according 

to the W-CDMA standard, a sub-segment may be defined as a slot. According to the 

cdma2000 standard, a sub-segment may be defined as a power control group (PCG). In 

one example, the interleaved symbols 516 are segmented into a plurality S of sub-

segments making up a frame 521. 

[0071] 	A frame format may further specify the inclusion of, e.g., control symbols (not 

shown) along with the interleaved symbols 516. Such control symbols may include, 

e.g., power control symbols, frame format information symbols, etc. 

[0072] 	A modulator 525 modulates the frame 521 to generate modulated data 526. 

Examples of modulation techniques include binary phase shift keying (BPSK) and 

quadrature phase shift keying (QPSK). The modulator 525 may also repeat a sequence 

of modulated data. 

[0073] 	A baseband-to-radio-frequency (RF) conversion block 530 may convert the 

modulated signal 526 to RF signals for transmission via one or more antenna(s) 535 as 

signal 536 over a wireless communication link to one or more Node Bs 105. 

[0074] 	Turning next to FIG. 6, a block diagram illustrates an example of a mobile 

terminal 115-g, which may be adapted so as to flexibly configure an uplink control 

channel. This mobile terminal 115-g may be a UE 115 as described with reference to 

FIG. 1, 2, or 4, implemented in the system 100 of FIG. 1 or system 200 of FIG. 2. 

[0075] 	The mobile terminal 115-g includes one or more antennas 605, a receiver 

module 610, a carrier detection module 615, a CQI measurement module 620, a 

feedback encoder module 625, and a transmitter module 630, which each may be in 

communication with each other. These modules may, individually or collectively, be 

implemented with one or more Application Specific Integrated Circuits (ASICs) 

adapted to perform some or all of the applicable functions in hardware. Alternatively, 

the functions may be performed by one or more other processing units (or cores), on one 

or more integrated circuits. In other examples, other types of integrated circuits may be 

used (e.g., Structured/Platform ASICs, Field Programmable Gate Arrays (FPGAs), and 

other Semi-Custom ICs), which may be programmed in any manner known in the art. 

The functions of each unit may also be implemented, in whole or in part, with 
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instructions embodied in a memory, formatted to be executed by one or more general or 

application-specific processors. 

[0076] 	The receiver module 610 may receive wireless signals (e.g., transmitted from a 

Node B 105 of FIG. 1, 2, or 3) via one or more antennas 605. These wireless signals 

may be payload data on a High Speed Downlink Shared Channel (HS-DSCH) and/or 

control information associated with the downlink data on High Speed Shared Control 

Channel (HS-SCCH). The carrier detection module 615 may identify the number of 

activated carriers, and further identify when the number of activated carriers has 

changed. 

[0077] 	The CQI measurement module 620 may estimate channel quality information 

for each of the identified downlink carriers. The feedback encoder module 625 is 

adapted to configure and/or modify an uplink control channel based on a number of 

activated downlink carriers, among other factors. Thus, the configuration of the uplink 

control channel may be flexibly adapted based on the number of activated carriers. The 

feedback encoder module 625 may encode downlink channel quality information and 

acknowledgment information for transmission on the uplink. The transmitter module 

630 may transmit the downlink channel quality information on each carrier and 

acknowledgement information (e.g., transmitting the information to a Node B 105 of 

FIG. 1, 2, or 3). 

[0078] 	This flexible configuration may take a variety of forms. For example, as will 

be addressed in more detail below, the feedback encoder module 625 may repeat 

codewords when certain numbers of carriers are active, and transmit different 

codewords when other numbers of carriers are active. In one example, codewords are 

repeated in one or more slots of a transmit timing interval when there are certain 

numbers of activated carriers, while different codewords are used for the one or more 

slots of the transmit timing interval when there are larger numbers of activated carriers. 

The feedback encoder module 625 may reduce transmission power in the mobile device 

when a codeword is repeated. While some aspects are flexible, the feedback encoder 

module 625 may maintain a constant feedback cycle when different numbers of carriers 

are activated. 

[0079] 	There are a number examples of using repetition in a flexible manner, in 

relation to both channel quality information and acknowledgement information. In 
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some examples (e.g., assuming that there are two of four carriers activated), the 

feedback encoder module 625 may group channel quality information for a carrier in a 

single codeword, and repeat the codeword in two successive slots of a transmit timing 

interval. When there are additional activated carriers (e.g., when all four carriers are 

activated), the feedback encoder module 625 may encode channel quality information 

for a first carrier in a codeword and channel quality information for a second carrier in a 

different codeword, and group those codewords for transmission within two successive 

slots of the transmit timing interval. 

[0080] 	In another set of examples (e.g., assuming that there are four of four carriers 

activated), the feedback encoder module 625 may encode acknowledgement 

information for a first carrier and a second carrier using a first codeword and 

acknowledgement information for a third carrier and a fourth carrier using a second 

codeword. The feedback encoder module 625 may group the first codeword and the 

second codeword for transmission within a slot of a transmit timing interval. When 

there arc fewer activated carriers (e.g., when two of four carriers arc activated), the 

feedback encoder module 625 may encode acknowledgement information for two 

carriers using a different codeword, and repeat the codeword within the slot of the 

transmit timing interval. In still another example, there are three activated carriers (e.g., 

when three of four carriers are activated), and the feedback encoder module 625 may 

encode acknowledgement information for a first carrier and a second carrier using a 

codeword and acknowledgement information for a third carrier using a second 

codeword, and group these codewords for transmission within a slot of a transmit timing 

interval (e.g., each codeword using a half slot). 

[0081] 	The feedback encoder module 625 may modify an uplink control channel 

based on whether one or more of activated carriers are configured with MIMO. For 

example, the feedback encoder module 625 may use different codewords depending on 

whether the activated carriers arc configured with MTMO. The feedback encoder 

module 625 may also use different spreading factors for given portions of a transmit 

timing interval depending on the number of activated carriers. A spreading factor used 

for channel quality information or acknowledgement information may, in one example, 

be 128 or 256 depending on the number of activated carriers. The feedback encoder 

module 625 may also map carriers to different portions of a transmit timing interval 
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depending on the number of activated carriers. This mapping flexibility may be related 

to channel quality information or acknowledgement information slots. 

[0082] 	On another example, the feedback encoder module 625 may maintain logical 

sequential ordering even as carriers are deactivated. Assume that there are four carriers 

activated, the four carriers associated with a logical sequential order. When one or more 

of the carriers are deactivated, the logical sequential order of the remaining active 

carriers may be preserved in the uplink control channel. 

[0083] 	In another example, the CQI measurement module 620 is configured to 

identify activation of an additional carrier, and the feedback encoder module 625 is 

configured to modify configuration of the uplink control channel responsive to the 

activation of the additional carrier. 

[0084] 	Turning next to FIG. 7, a block diagram 700 illustrates an example of an 

encoder module 625-a that may be implemented, for example, in the mobile terminal 

115-g of FIG. 6. This encoder module 625-a may also be implemented in a UE 115 as 

described with reference to FIG. 1, 2, or 4, implemented in the system 100 of FIG. 1 or 

system 200 of FIG. 2. 

[0085] 	The encoder module 625-a includes an ACK/NACK codebook selection 

module 705, a CQI codeword selection module 710, a mapper module 715, and an 

encoder 720. The encoder module 625-a may receive an identification of the number of 

activated carriers, along with downlink channel quality information for each carrier and 

acknowledgement information. 

[0086] 	The ACKMACK codebook selection module 705 may receive the 

identification of the number of activated carriers, along with acknowledgement 

information. Based on the number of carriers and perhaps other factors (e.g., whether 

each carrier is configured with MIMO), the ACK/NACK codebook selection module 

705 may select the encoding scheme (e.g., which codcbooks and spreading factor) to 

use for the acknowledgement. The coding scheme, code repetition, spreading factor, 

and power use may be varied depending on the number of activated carriers. 

[0087] 	The CQI codeword selection module 710 may receive the identification of the 

number of activated carriers, along with downlink channel quality information for each 

carrier. Based on the number of carriers and perhaps other factors (e.g., whether each 
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carrier is configured with MIMO), the CQI codeword selection module 710 may select 

the encoding scheme (e.g., which codewords and spreading factor) to use for the CQI 

transmission on the uplink. The coding scheme, code repetition, spreading factor, and 

power use may be varied depending on the number of activated carriers. 

[0088] 	The mapper module 715 may map the downlink channel quality information 

for each carrier and acknowledgement information to different slots, depending on the 

number of activated carriers. In some instances, the logical sequential order of 

remaining active carriers may be preserved in the uplink control channel when carriers 

are deactivated. The encoder 720 may encode the data to be transmitted according to 

the selections by the ACK/NACK codebook selection module 705, CQI codeword 

selection module 710, and mapper module 715. 

[0089] 	As described above, HSDPA is an enhanced 3G mobile telephony 

communications protocol, which allows networks based on UMTS to have higher data 

transfer speeds and capacity. HSDPA may support multiple downlink carriers. In a 

version known as four-carrier HSDPA, the uplink control channel transmitted by a UE 

may be required to contain feedback information such as ACK/NAK or CQI 

information for up to four downlink carriers. Each downlink carrier may be configured 

as a multiple-input multiple-output (MIMO) carrier or a non-MIMO carrier. To transmit 

such feedback information, the symbols of the HS-DPCCH channel may be spread 

using a spreading factor of 128. In this case, 20 code symbols are available per slot to 

carry the feedback information, as opposed to 10 code symbols if a spreading factor of 

256 is used, as in releases of the W-CDMA standard up to Rel-9. 

[0090] 	For transmission of the feedback information in 4C-HSDPA, the codebooks 

for SC- or DC-HSDPA (i.e., single carrier or dual carrier non-MIMO) and SC- or DC- 

MIMO (i.e., single-carrier or dual-carrier MIMO) currently found in the existing W- 

CDMA standard may advantageously be re-utilized. 

[0091] 	In the following examples, flexibility related to the uplink transmission of 

channel quality and acknowledgement information is illustrated. In the examples, up to 

four downlink carriers may be activated. However, as evident to those skilled in the art, 

there may be more, or fewer, carriers in other examples. 

[0092] 	For HSDPA, the HS-DPCCH carries acknowledgment information and a 

current channel quality indicator of the user. This may be used by the Node B to 
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calculate how much data to send to the UE on the next transmission. In the following 

example, a HSDPA system is used for purposes of example (e.g., the system 100 of 

FIG. 1 or system 200 of FIG. 2, wherein a UE 115 transmits to a Node B 105 on a HS- 

DPCCH channel). However, this is for purposes of example only, and novel aspects 

may be implemented in a number of different systems. 

10093] 	In various examples below, there may be two, three, or four downlink carriers 

activated at a time. All, some, or none of the carriers may be configured with MIMO. 

The configuration of the uplink control channel may vary depending upon the number 

of activated carriers, and the number of those carriers configured with MIMO. Various 

spreading factors (e.g., 128 or 256) may be used. In one example, regardless of the 

configuration (two, three, or four carriers, each with, or without, MIMO), the feedback 

cycle remains constant. The feedback cycle identifies the number of TTIs between each 

transmission of CQI for a carrier. Various techniques are described that may result in 

power saving (e.g., by repeating information for certain carriers, or combining 

information for certain carriers). 

10094] 	The following scenarios illustrate a HS-DPCCH configuration for channel 

quality information and/or acknowledgement information when different numbers of 

carriers are activated. The following examples assume that there may be up to four 

carriers activated, but in other examples there may be other numbers of carriers. In 

some examples, the feedback cycle is two, although it is worth emphasizing that the 

feedback cycle may differ in other examples: 

10095] 	Referring to FIG. 8, consider a design wherein all four downlink carriers are 

activated, and are configured with MIMO (denoted by Cl, C2, C3 and C4). Precoding 

control indication (PCI) and CQI data is reported for each carrier, and a spreading factor 

of 128 is used. FIG. 8 illustrates the example configuration 800 of two TTIs. In this 

scenario, the CQI feedback 805 is transmitted in a TDM fashion for each carrier. All 

the carriers are configured with MIMO, the CQI coding scheme uses a single carrier 

CQI (20, 10) code (using SC-MIMO CQI codebooks in this example). The feedback 

cycle in this configuration is two (which may be 4 ms, since one TTI is of 2ms 

duration). The PCI and the CQI data pertaining to a carrier are sent in the same CQI 

codeword and correspond to that carrier (codeword 805-a for Cl, codeword 805-b for 

C2, codeword 805-c for C3, codeword 805-d for C4). 
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[0096] 	In this example, there is no repetition for the CQI data within a TTI, as the 

CQI codewords for Cl and C2 are grouped for successive transfer in the first TTI 810-a, 

and codewords for C3 and C4 are grouped for successive transfer in the second TTI 

810-b. In this example, there is no repetition for the ACKJNACK information in a 

given TTI, and the DC-MIMO codebooks may be used. The acknowledgement 

information for Cl and C2 are combined and jointly encoded in an ACK/NACK 

codeword in a half slot in the first TTI 815-a, and acknowledgement information for C3 

and C4 are combined and jointly encoded in an ACK/NACK codeword in the second 

half slot for successive transfer in the first TTI 815-a. The use of these codebooks may 

be repeated in the next TTI 815-b. 

[0097] 	Turning to the scenario where all four downlink carriers are activated, none are 

configured with MIMO. PCI and CQI information are reported for each carrier. There 

are two different example schemes set forth below, and either may be used. 

[0098] 	FIG. 9 illustrates the example configuration 900 of two TTIs for the four 

carriers (denoted by Cl, C2, C3 and C4). In this scenario, the CQI feedback 905 is 

transmitted in a TDM fashion for each carrier. The CQI coding scheme uses a single 

channel CQI (20, 10) code (SC-HSDPA). The feedback cycle in this configuration 

remains two (which may be 4 ms). The PCI and the CQI information pertaining to a 

carrier are sent in the same CQI codeword and correspond to that carrier (codeword 

905-a for Cl, codeword 905-b for C2, codeword 905-c for C3, codeword 905-d for C4). 

[0099] 	In this example, there is no repetition for the ACK/NACK information in a 

given TTI, and although DC-HSDPA ACK/NACK codebooks are shown, other 

codebooks (e.g., the DC-MIMO ACK/NACK codebooks) may be used. The 

acknowledgement information for Cl and C2 are combined and jointly encoded in an 

ACK/NACK codeword in a half slot of the first TTI 910-a, and acknowledgement 

information for C3 and C4 are combined and jointly encoded in an ACK/NACK 

codeword in the second half slot for successive transfer in the first TTI 910-a. The use 

of these codebooks may be repeated in the next TTI 910-b. 

[0100] 	FIG. 10 illustrates the example configuration 1000 of two TTIs for the four 

carriers (denoted by Cl, C2, C3 and C4). In this scheme, the CQI configuration is 

based on grouping carriers Cl and C2 and jointly encoding the CQI information in a 

single codeword 1005-a, which is repeated. Transmission power may be reduced when 
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a codeword is repeated. Similarly, carriers C3 and C4 are grouped together and jointly 

encoded in a single codeword 1005-b, which is repeated. As noted, the CQI for carriers 

CI and C2 is repeated to cover both available slots, and the CQI for carriers C3 and C4 

is also repeated. This scheme may allow for up to link efficiency gain due to the 

repetition. Although the beta factors used in the case of HSDPA CQI encoding are 2dB 

higher, the gain due to repetition means that a gain of +/- 1dB may be obtained as 

compared with reporting CQI data in FIG. 9. 

[0101] 	Although this scheme is more link efficient when compared to FIG. 9, it may 

be more complicated since a different CQI configuration can potentially result from 

each combination of MIMO and non-MIMO carriers. As a result, the CQI 

configuration would change when one or more carriers are activated or deactivated. 

This design principle is a "flexible mapping" approach. Different tradeoffs can be 

employed. For example, different codebooks, spreading factors, repetition, mapping, 

and joint encoding may be used when there are different numbers of carriers activated, 

and considering whether MIMO is used. Using these techniques, a constant feedback 

cycle may be maintained in some examples, and power savings at the UE may result. 

[0102] 	Refening to FIG. 11, three downlink carriers are activated, and one is 

configured with MIMO (denoted by Cl, C2, and C3 (MIMO)). Precoding control 

indication (PCI) and CQI information is reported for Cl and C2 and jointly encoded in 

codeword 1105-a, and repeated, and for C3 alone in codeword 1105-b, and repeated. 

FIG. 11 again illustrates the example configuration 1100 of two TTIs. The feedback 

cycle in this configuration is two (which may be 4 ms). The configuration is flexible as 

the mapping and encoding scheme used is varied based on the number of activated 

carriers. The MIMO CQI is repeated while the two carrier channel quality information 

encoded into one codeword is also repeated. 

[0103] 	In this example, there is no repetition for the ACK/NACK information in a 

given TTI, and use of DC-HSDPA and DC-MIMO codebooks are shown. In other 

embodiments, only DC-MIMO codebooks are used for the ACK/NACK information. 

The acknowledgement information for CI and C2 are combined and jointly encoded in 

an ACK/NACK codeword (using a DC-HSDPA codebook) in a half slot the first TTI 

1110-a, and acknowledgement information for C3 is encoded in an ACK/NACK 

codeword (using a DC-MIMO codebook) in the second half slot for successive transfer 
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in the first TTI 1110-a. The use of these codebooks may be repeated in the next TTI 

1110-b. 

[0104] 	Referring to FIG. 12, two downlink carriers are activated, and are configured 

with MIMO (denoted by Cl and C2). PCI and CQI information are reported for each 

carrier. FIG. 12 illustrates the example configuration 1200 of two TTIs, and a spreading 

factor of 256 is used. In this scenario, the CQI feedback 1205 is transmitted in a TDM 

fashion for each carrier. The feedback cycle in this configuration is two (which may be 

4 ms). The PCI and the CQI information pertaining to a carrier are sent in the same 

CQI codeword and correspond to that carrier (codeword 1205-a for C I, codeword 1205-

b for C2). 

[0105] 	Instead of, or in addition to, using the higher spreading factor, CQI data and 

acknowledgement information may be repeated, which may thereby result in power 

savings at a UE. CQI data for a dual carrier codebook may be repeated, and/or CQI 

data for a single carrier codebook may be repeated (e.g., see FIG. 11). This CQI 

repetition may be for MIMO or non-MIMO carriers. 

[0106] 	FIGS. 8-12 thus illustrate examples of how different codebooks, spreading 

factors, repetition, and joint encoding of CQI data and acknowledgement information 

may be used to maintain a constant feedback cycle and/or to reduce power consumption. 

The foregoing examples illustrate flexible mappings of the CQI information of carriers 

with or without repetitions so as to improve link efficiency in CQI transmission or to 

power used for transmission. 

101071 	Turning to FIGS. 13-16, a series of examples are shown illustrating how 

acknowledgement information may be sent in a slot of a TTI when two downlink 

carriers are activated. There are four different options set forth below, and any may be 

used. 

[0108] 	In these examples, acknowledgment (ACK/NAK) channels for downlink 

carriers may be accommodated in a single slot of an DPCCH. Referring to FIG. 13, a 

block diagram 1300 illustrates a first option using SF 128, where acknowledgement 

information for Cl and C2 are combined and jointly encoded in an ACKJNACK 

codeword (using a DC-HSDPA codebook) in a half slot in the first TTI 1305-a for 

carriers 1 and 2 in the first 10 code symbols, and further repeated in a second half-slot in 

the second 10 code symbols. The codebook used in each half-slot may be the same as 
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the codebook used in Rel-8 for DC-HSDPA in a full slot. Other codebooks may be 

used (e.g., DC-MIMO ACK/NACK codebooks may be used). 

[0109] 	Referring to FIG. 14, a block diagram 1400 illustrates a second option using 

SF 128, where acknowledgement information for Cl and C2 are combined and jointly 

encoded in an ACKJNACK codeword (using a DC-HSDPA codebook) in a half slot in 

the second TTI 1405-a for carriers 1 and 2 in the first 10 code symbols. For the second 

half of the slot, the HS-DPCCH portion of the UE transmissions may be turned off. 

[0110] 	Referring to FIG. 15, a block diagram 1500 illustrates a third option, wherein 

the acknowledgement information for carriers 1 and 2 are transmitted for the whole slot 

1505 using SF 256. The ACKJNAKs for carriers 1 and 2 may be transmitted using the 

same as the codebook used in Rel-8 for DC-HSDPA. According to the third option, the 

spreading factor may thus be changed per slot depending on the number of carriers 

being received at the time. 

[0111] 	Turning to FIG. 16, block diagram 1600 illustrates a fourth option, where the 

acknowledgement information for carriers 1 and 2 is transmitted in the first 10 code 

symbols 1605. In the second 10 code symbols, a codeword 1610 signifying a 

discontinuous transmission (or "DTX") for the other two carriers (e.g., carriers 3 and 4) 

may be transmitted. A DC-HSDPA or DC-MIMO codebook may, for example, be 

modified to include such an additional codeword. 

[0112] 	One of ordinary skill in the art will appreciate that modifications to the channel 

structures for acknowledgement information shown in FIGS. 13-16 may readily be 

made to accommodate the case wherein the two carriers detected by the UE instead 

include carriers 3 and 4, rather than carriers 1 and 2. 

[0113] 	There are a number of different ways in which legacy codebooks (e.g., 

ACK/NAK codebooks up to Rel-9) may be mapped to the HS-DPCCH channel when 3 

DL carriers (MIMO and/or non-MIMO) arc configured for operation, and Table 1 

provides one illustration: 
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Table 1. Mapping of legacy codebooks to activated carriers; 3 DL carriers 

configured 

10114] 	Table 2 further provides an example of how legacy codebooks may be mapped 

to the HS-DPCCH channel when 4 DL carriers (MIMO and/or non-MIMO) are 

configured for operation. 
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Table 2: Mapping of legacy codebooks to activated carriers; 4 DL carriers 

configured 

[0115] 	There are a number of additional options for flexibility. In one set of 

examples, feedback of CQI and ACYJNAK signals for 3 DL carriers with 1 MIMO 

canier may be supported using the two options described below. In the examples 

shown, carriers 1 and 2 are non-MIMO, while carrier 3 is MIMO. 

[0116] 	FIG. 17 illustrates a first option for transmitting CQI and acknowledgement 

information in a TTI 1700. In FIG. 17, the acknowledgement information for non-

MIMO carriers 1 and 2 may be encoded using the DC-HSDPA ACK/NAK codebook 

1705, while the acknowledgement information for MIMO carrier 3 may be encoded 

using the SC-MIMO ACK/NAK codebook 1710. The channel quality information for 

non-MIMO carriers 1 and 2 may be encoded using codewords from the DC-HSDPA 

CQI codebook, and provided in a single slot 1715. The channel quality information for 
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MIMO caner 3 may be encoded using codewords from the SC-MIMO CQI codebook 

in the subsequent slot 1720. The CQI feedback cycle may be 1 for all three carriers 1, 

2, and 3. 

[0117] 	FIG. 18 illustrates a second option for transmitting CQI and acknowledgement 

information in a TTI 1800. In FIG. 18, the acknowledgement information for non- 

MIMO carrier 1 may be encoded using the SC-HSDPA ACK/NAK codebook 1805, 

while the acknowledgement information for non-MIMO carrier 2 and MIMO carrier 3 

may be encoded using the DC-MIMO ACK/NAK codebook 1810. Furthermore, the 

channel quality information for non-MIMO carrier 1 may be encoded using codewords 

from the SC-HSDPA CQI codebook 1815, while the channel quality information for 

non-MIMO carrier 2 and MIMO carrier 3 may be encoded using codewords from the 

DC-MIMO CQI codebook 1820. Furthermore, the CQI feedback cycle for carriers 2 

and 3 may be 2, while the CQI feedback cycle for carrier I may be I. 

[0118] 	In another example, feedback of CQI and ACK/NAK signals for 3 DL carriers 

with 2 MIMO carrier may be supported. Carrier 1 is non-MIMO, while carriers 2 and 3 

are MIMO. FIG. 19 illustrates an option for transmitting CQI and acknowledgement 

information in a TTI 1900. In FIG. 19, the acknowledgement information for non- 

MIMO carrier 1 and MIMO carrier 2 may be encoded using the DC-MIMO ACK/NAK 

codebook 1905, while the acknowledgement information for MIMO carrier 3 may be 

encoded using the SC-MIMO ACK/NAK codebook 1910, as earlier described herein. 

Furthermore, the CQI for non-MIMO carrier 1 may be encoded using codewords from 

the SC-HSDPA CQI codebook 1915, while the CQI for one of the MIMO carriers 

(MIMO carrier 2 in FIG. 19) may be encoded using codewords from the SC-MIMO 

CQI codebook in the subsequent slot 1920. Note the CQI signal for the other MIMO 

carrier (i.e., MIMO carrier 3 in this example) may be transmitted in a later slot. The 

CQI feedback cycle may be 1.5 for all three carriers, and the C/P of SC-HSDPA CQI 

may be 2dB lower than the C/P of the DC-MIMO CQI. 

[0119] 	Thus, as illustrated in the examples set forth in FIGS. 8-19, different 

codebooks, spreading factors, and mapping may be used when transmitting CQI and 

acknowledgement information on the uplink, and the configuration may depend on the 

numbers of carriers activated and on whether MIMO is used. Repetition and joint 
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encoding may also be used based on these factors. Using these techniques in a flexible 

manner, a constant feedback cycle is maintained in some examples. 

[0120] 	A number of techniques may also be used for logical mapping of active 

carriers in the system. In an HSDPA system, the logical mapping of carriers to 

frequencies may be provided by RRC signaling, and may be made as follows: Cl ->F I, 

C2 ->F2, C3 ->F3, and C4 ->F4, wherein CI-C4 denote logical cattier numbers 1 

through 4, and F I-F4 denote actual carrier frequencies 1 through 4. In one example, if 4 

DL carriers are configured and the NodeB deactivates 1 carrier, a possible resultant set 

of active carriers may be listed: 

[0121] 	1) 3 DL carriers; 3 Non-MIMO carriers; 

[0122] 	2) 3 DL carriers; 2 Non-MIMO carriers + 1 MIMO carrier; 

[0123] 	3) 3 DL carriers; 1 Non-MIMO carrier + 2 MIMO carriers; and 

[0124] 	4) 3 DL carriers; 3 MIMO carriers. 

[0125] 	Because of the fact that so many combinations are possible, rules for mapping 

may be desireable. In one example, the order of logical mapping shall be maintained 

when a carrier is deactivated. 

[0126] 	FIG. 20 is a flowchart of a method 2000 for configuring an uplink control 

channel. The method 2000 may be performed, for example, in whole or in part by a UE 

115 as described with reference to FIG. 1, 2, 4, or 6, implemented in the system 100 of 

FIG. 1 or system 200 of FIG. 2. At block 2005, channel quality information is 

estimated for a plurality of downlink carriers. At block 2010, an uplink control channel 

is configured based at least in part on a number of carriers in the plurality. 

[0127] 	FIG. 21 is a flowchart of a method 2100 for configuring an uplink control 

channel. The method 2100 may be performed, for example, in whole or in part by a UE 

115 as described with reference to FIG. 1, 2, 4, or 6, implemented in the system 100 of 

FIG. I or system 200 of FIG. 2. 

[0128] 	At block 2105, channel quality information is estimated for a plurality of 

downlink carriers. At block 2110, the number of active carriers are identified. At block 

2115, the number of active carriers configured with MIMO are identified. At block 

2120, an uplink control channel is configured based at least in part on the number of 
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carriers in the plurality and the number of carriers configured with MIMO, wherein the 

feedback cycle remains constant. 

[0129] 	FIG. 22 is a flowchart of a method 2200 for configuring an uplink control 

channel. The method 2200 may be performed, for example, in whole or in part by a UE 

115 as described with reference to FIG. 1, 2, 4, or 6, implemented in the system 100 of 

FIG. 1 or system 200 of FIG. 2. 

[0130] 	At block 2205, the number of active carriers on the downlink are identified. 

At block 2210, a number of the active carriers configured with MIMO are identified. At 

block 2215, CQI and acknowledgement information for each active carrier are 

identified. At block 2220, the codebooks, use of repetition, and mapping related to 

transmission of acknowledgement information are selected, based on the number of 

active carriers and the number of MIMO carriers. At block 2225, the codebooks, use of 

repetition, and mapping related to transmission of CQI are selected, based on the 

number of active carriers and the number of MIMO carriers. 

Considerations Regarding the Description 

[0131] 	The detailed description set forth above in connection with the appended 

drawings describes exemplary embodiments and does not represent the only 

embodiments that may be implemented or that are within the scope of the claims. The 

term "exemplary" used throughout this description means "serving as an example, 

instance, or illustration," and not "preferred" or "advantageous over other 

embodiments." The detailed description includes specific details for the purpose of 

providing a thorough understanding of the described techniques. These techniques, 

however, may be practiced without these specific details. In some instances, well-

known structures and devices are shown in block diagram form in order to avoid 

obscuring the concepts of the described embodiments. 

[0132] 	Information and signals may be represented using any of a variety of different 

technologies and techniques. For example, data, instructions, commands, information, 

signals, bits, symbols, and chips that may be referenced throughout the above 

description may be represented by voltages, currents, electromagnetic waves, magnetic 

fields or particles, optical fields or particles, or any combination thereof. 
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[0133] 	The various illustrative blocks, servers, and modules described in connection 

with the disclosure herein may be implemented or performed with a general-purpose 

processor, a digital signal processor (DSP), an application specific integrated circuit 

(ASIC), a field programmable gate array (FPGA) or other programmable logic device, 

discrete gate or transistor logic, discrete hardware components, or any combination 

thereof designed to perform the functions described herein. A general-purpose 

processor may be a microprocessor, but in the alternative, the processor may be any 

conventional processor, controller, microcontroller, or state machine. A processor may 

also be implemented as a combination of computing devices, e.g., a combination of a 

DSP and a microprocessor, multiple microprocessors, one or more microprocessors in 

conjunction with a DSP core, or any other such configuration. 

[0134] 	The functions described herein may be implemented in hardware, software 

executed by a processor, firmware, or any combination thereof. If implemented in 

software executed by a processor, the functions may be stored on or transmitted over as 

one or more instructions or code on a computer-readable medium. Computer-readable 

media includes both computer storage media and communication media including any 

medium that facilitates transfer of a computer program from one place to another. A 

storage medium may be any available medium that can be accessed by a general 

purpose or special purpose computer. By way of example, and not limitation, 

computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or other 

optical disk storage, magnetic disk storage or other magnetic storage devices, or any 

other medium that can be used to early or store desired program code means in the form 

of instructions or data structures and that can be accessed by a general-purpose or 

special-purpose computer, or a general-purpose or special-purpose processor. Also, any 

connection is properly termed a computer-readable medium. For example, if the 

software is transmitted from a website, server, or other remote source using a coaxial 

cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless 

technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic 

cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and 

microwave are included in the definition of medium. Disk and disc, as used herein, 

include compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy 

disk and blu-ray disc where disks usually reproduce data magnetically, while discs 
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reproduce data optically with lasers. Combinations of the above are also included 

within the scope of computer-readable media. 

[0135] 	The previous description of the disclosure is provided to enable a person 

skilled in the art to make or use the disclosure. Various modifications to the disclosure 

will be readily apparent to those skilled in the art, and the generic principles defined 

herein may be applied to other variations without departing from the spirit or scope of 

the disclosure. Throughout this disclosure the term "example" or "exemplary" indicates 

an example or instance and does not imply or require any preference for the noted 

example. Thus, the disclosure is not to be limited to the examples and designs 

described herein but is to be accorded the widest scope consistent with the principles 

and novel features disclosed herein. 

101361 	These units of the device may, individually or collectively, be implemented 

with one or more Application Specific Integrated Circuits (ASICs) adapted to perform 

some or all of the applicable functions in hardware. Alternatively, the functions may be 

performed by one or more other processing units (or cores), on one or more integrated 

circuits. In other embodiments, other types of integrated circuits may be used (e.g., 

Structured/Platform ASICs, Field Programmable Gate Arrays (FPGAs), and other Semi- 

Custom ICs), which may be programmed in any manner known in the art. The 

functions of each unit may also be implemented, in whole or in part, with instructions 

embodied in a memory, formatted to be executed by one or more general or application-

specific processors. 
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WHAT IS CLAIMED IS: 

1. A method for wireless communications, comprising: 

estimating channel quality information for a plurality of downlink carriers; and 

configuring an uplink control channel based at least in part on a number of 

activated carriers in the plurality. 

2. The method of claim I, wherein the configuring the uplink control 

channel comprises: 

repeating a codeword within a portion of a transmit timing interval when there 

is a first number of activated carriers in the plurality. 

3. The method of claim 2, wherein the configuring the uplink control 

channel further comprises: 

reducing power in a mobile device transmitting the uplink control channel 

responsive to the repeating. 

4. The method of claim I, wherein the uplink control channel is 

configured to maintain a constant feedback cycle for different numbers of activated carriers. 

5. The method of claim 1, wherein the configuring the uplink control 

channel comprises: 

encoding, when there is a first number of activated carriers in the plurality, 

channel quality information for a first carrier in a first codeword and channel quality 

information for a second carrier in a second codeword; and 

grouping the first codeword and the second codeword for transmission within 

a transmit timing interval. 

6. The method of claim 5, wherein the configuring the uplink control 

channel further comprises: 

grouping, when a second number of the plurality of downlink carriers are 

activated, channel quality infonnation for a first carrier in a third codeword; and 

repeating the codeword in the transmit timing interval. 

7. The method of claim 1, wherein the configuring the uplink control 

channel comprises: 

encoding, when there is a first number of activated carriers in the plurality, 

acknowledgement information for a first carrier and a second carrier using a first codeword 
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and acknowledgement information for a third carrier and a fourth carrier using a second 

codeword; and 

grouping the first codeword and the second codeword for transmission within 

a slot of a transmit timing interval. 

8. The method of claim 7, wherein the configuring the uplink control 

channel further comprises: 

encoding, when there is a second number of activated carriers in the plurality, 

acknowledgement information for one or more carriers using a third codeword; and 

repeating the third codeword within the slot of the transmit timing interval. 

9. The method of claim 1, wherein the configuring the uplink control 

channel comprises: 

encoding, when there are three activated carriers in the plurality, 

acknowledgement information for a first carrier and a second carrier using a first codeword 

and acknowledgement information for a third carrier using a second codeword; and 

grouping the first codeword and the second codeword for transmission within 

a slot of a transmit timing interval. 

10. The method of claim 1, wherein the configuring the uplink control 

channel comprises: 

encoding acknowledgement information for one or more carriers using a first 

codeword for transmission within a half-slot of a transmit timing interval. 

11. The method of claim 1, wherein the configuring the uplink control 

channel further comprises: 

configuring an uplink control channel based at least in part on whether one or 

more of the plurality of downlink carriers are configured with MIMO. 

12. The method of claim 1, wherein the configuring the uplink control 

channel further comprises: 

using a first spreading factor for a portion of transmit timing interval when 

there is a first number of activated carriers in the plurality; and 

using a second spreading factor for the portion of transmit timing interval 

when there is a second number of activated carriers in the plurality, the second number 

different from the first number. 
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13. The method of claim 1, wherein the configuring the uplink control 

channel further comprises: 

encoding, when there is a discontinuous transmission for one or more 

activated carriers in the plurality, acknowledgement information for the one or more carriers 

using a codeword signifying a discontinuous transmission. 

14. The method of claim 1, wherein the configuring the uplink control 

channel further comprises: 

mapping a first carrier to a first portion of a transmit timing interval when 

there is a first number of activated carriers in the plurality; and 

mapping the first carrier to a second portion of a transmit timing interval when 

there is a second number of activated carriers in the plurality, the second number different 

from the first number. 

15. The method of claim 1, wherein the configuring the uplink control channel 

further comprises: 

identifying at least four carriers, the four carriers associated with a logical 

sequential order; 

identifying deactivation of one of the at least four carriers; and 

preserving a logical sequential order of remaining active carriers on the uplink 

control channel. 

16. The method of claim 1, wherein the configuring the uplink control channel 

further comprises: 

identifying activation of a first number of carriers; 

identifying activation of an additional carrier; and 

changing configuration of the uplink control channel responsive to the 

activation of the additional carrier. 

17. A mobile tenninal for wireless communications, comprising: 

a channel quality information measurement module configured to estimate 

channel quality information for a plurality of downlink carriers; and 

a feedback encoder module, communicatively coupled with the channel 

quality information measurement module, and configured to modify an uplink control 

channel based at least in part on a number of activated carriers in the plurality. 
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18. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

repeat a codeword for a portion of a transmit timing interval when there is a 

first number of activated carriers in the plurality; and 

use varied codewords for the portion of the transmit timing interval when there 

is a second number of activated carriers in the plurality, the second number different from the 

first number. 

19. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

repeat a codeword in a transmit timing interval; and 

reduce transmission power in the mobile terminal responsive to the repetition. 

20. The mobile terminal of claim 17, wherein the feedback encoder 

module is configured to: 

maintain a constant feedback cycle for different numbers of activated carriers. 

21. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

group, when a first number of the plurality of downlink carriers are activated, 

channel quality information for a first carrier in a first codeword; and 

repeat the codeword in a portion of a transmit timing interval. 

22. The mobile terminal of claim 21, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

encode, when there is a second number of activated carriers in the plurality, 

channel quality information for a first carrier in a second codeword and channel quality 

information for a second carrier in a third codeword; and 

group the second codeword and the third codeword for transmission within the 

portion of the transmit timing interval. 

23. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

encode, when there is a first number of activated carriers in the plurality, 

acknowledgement information for a first carrier and a second carrier using a first codeword 
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and acknowledgement information for a third carrier and a fourth carrier using a second 

codeword; and 

group the first codeword and the second codeword for transmission within a 

slot of a transmit timing interval. 

24. The mobile terminal of claim 23, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

encode, when there is a second number of activated carriers in the plurality, 

acknowledgement information for two carriers using a third codeword; and 

repeat the third codeword within the slot of the transmit timing interval. 

25. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

encode, when there are three activated carriers in the plurality, 

acknowledgement information for a first carrier and a second carrier using a first codeword 

and acknowledgement information for a third carrier using a second codeword; and 

group the first codeword and the second codeword for transmission within a 

slot of a transmit timing interval. 

26. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

encode acknowledgement information for one or more carriers using a first 

codeword for transmission within a half-slot of a transmit timing interval. 

27. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

encode, when there is a first number of activated carriers in the plurality, 

acknowledgement information for the one or more of the activated carriers using a codeword 

signifying a discontinuous transmission. 

28. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

modify an uplink control channel based at least in part on whether one or more 

of the plurality of downlink carriers are configured with MIMO. 

29. The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 
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use a first spreading factor for a portion of a transmit timing interval when 

there is a first number of activated carriers in the plurality; and 

use a second spreading factor for the portion of the transmit timing interval 

when there is a second number of activated carriers in the plurality, the second number 

different from the first number. 

30. 	The mobile terminal of claim 17, wherein to modify the uplink control 

channel, the feedback encoder module is configured to: 

map a first carrier to a first portion of a transmit timing interval when there is a 

first number of activated carriers in the plurality; and 

map the first carrier to a second portion of a transmit timing interval when 

there is a second number of activated carriers in the plurality, the second portion different 

from the first portion. 

31. The mobile terminal of claim 17, wherein, 

at least four carriers are activated, the four carriers associated with a logical 

sequential order; and 

when one of the at least four carriers are de-activated, the logical sequential 

order of the remaining active carriers is preserved in the uplink control channel. 

32. The mobile terminal of claim 17, wherein, 

the channel quality information measurement module is further configured to: 

identify a first number of carriers; and 

identify activation of an additional carrier; and 

the feedback encoder module is further configured to modify configuration of 

the uplink control channel responsive to the activation of the additional carrier. 

33. A device for wireless communications, comprising: 

means for estimating channel quality information for a plurality of downlink 

carriers; and 

means for configuring an uplink control channel based at least in part on a 

number of activated carriers in the plurality. 

34. The device of claim 33, wherein the means for configuring the uplink 

control channel comprises: 
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means for repeating a codeword within a portion of a transmit timing interval 

when there is a first number of activated carriers in the plurality. 

35. 	The device of claim 34, wherein the means for configuring the uplink 

control channel comprises: 

means for reducing power in a mobile device transmitting the uplink control 

channel responsive to the repeating. 

36. The device of claim 33, wherein the means for configuring the uplink 

control channel maintains a constant feedback cycle for different numbers of activated 

carriers. 

37. The device of claim 33, wherein the means for configuring the uplink 

control channel comprises: 

means to configure an uplink control channel based at least in part on whether 

one or more of the plurality of downlink carriers are configured with MIMO. 

38. A computer program product, comprising: 

computer-readable medium comprising: 

code for causing a computer to estimate channel quality 

information for a plurality of downlink carriers; and 

code for causing a computer to configure an uplink control 

channel based at least in part on a number of activated carriers in the plurality. 

39. The computer program product of claim 38, wherein the code for 

causing a computer to configure the uplink control channel comprises: 

code for causing a computer to repeat a codeword within a portion of a 

transmit timing interval when there is a first number of activated carriers in the plurality. 

40. The computer program product of claim 39, wherein the code for 

causing a computer to configure the uplink control channel comprises: 

code for causing a computer to reduce power in a mobile device transmitting 

the uplink control channel responsive to the repeating. 

41. The computer program product of claim 38, wherein the code for 

causing a computer to configure the uplink control channel comprises: 
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code for causing a computer to configure an uplink control channel based at 

least in part on whether one or more of the plurality of downlink carriers are configured with 

MIMO. 
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