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RESOURCE ALLOCATION IN WIRELESS
COMMUNICATION SYSTEMS

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to wireless
communications and, more particularly, to radio resource allocation to

wireless terminals in wireless communication systems.

BACKGROUND

[0002] It is anticipated that some wireless communications
protocols will support spectrum aggregation wherein a compliant user
terminal, also referred to as user equipment (UE), will be expected to
receive data on multiple component carriers in a single sub-frame. One
such protocol is 3GPP LTE-Advanced (LTE-A). Existing control
signaling schemes for LTE Release 8 can only be used to allocate

resources to a UE on only a single Release 8 compliant carrier.

[0003] U.S. Publication 2006/0274712 entitled “Multi-carrier
Operation In Data Transmission Systems” discloses a method and
apparatus for preserving compatibility of legacy devices when adding
multi-carrier capability to single carrier communication systems.
Recent LTE RAN WGI1 contributions R1-082468, R1-082380 and R1-
083681 describe high level principles for resource allocation in LTE-A.
These publications however do not explicitly describe a control

signaling scheme.
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[0004] The various aspects, features and advantages of the
invention will become more fully apparent to those having ordinary
skill in the art upon a careful consideration of the following Detailed
Description thereof with the accompanying drawings described below.
The drawings may have been simplified for clarity and are not

necessarily drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates a wireless communication system.

[0006] FIG. 2 illustrates a schematic block diagram of a user
terminal.

[0007] FIG. 3 illustrates a process flow diagram.

[0008] FIG. 4 illustrates a sub-frame with control signaling for

multi-carrier operation

DETAILED DESCRIPTION

[0009] In FIG. 1, a wireless communication system 100 comprises
one or more fixed base infrastructure units 101, 102 forming a network
distributed over a geographical region for serving remote units in the
time and/or frequency domain. A base unit may also be referred to as
an access point, access terminal, base, base station, Node-B, eNode-B or

by other terminology used in the art. The one or more base units each

2



WO 2010/107604 PCT/US2010/026500

comprise one or more transmitters for downlink transmissions 104, 105
and one or more receivers for receiving uplink transmissions. The base
units are generally part of a radio access network that includes one or
more controllers communicably coupled to one or more corresponding
base units. The access network is generally communicably coupled to
one or more core networks, which may be coupled to other networks,
like the Internet and public switched telephone networks, among other
networks. These and other elements of access and core networks are
not illustrated but they are well known generally by those having

ordinary skill in the art.

[00010] In FIG. 1, the one or more base units serve a number of
remote units 103, 110 within a corresponding serving area, for example,
a cell or a cell sector via a wireless communication link. The remote
units may be fixed units or mobile terminals. The remote units may
also be referred to as subscriber units, mobiles, mobile stations, users,
terminals, subscriber stations, user equipment (UE), user terminals, or
by other terminology used in the art. The remote units also comprise
one or more transmitters and one or more receivers. In FIG. 1, the base
unit transmits downlink communication signals to serve remote unit
102 in the time and/or frequency domain. The remote unit 102
communicates directly with base unit 110 via uplink communication

signals. A remote unit 108 communicates directly with base unit 112.

[00011] In one implementation, the wireless communication system
is compliant with the Third Generation Partnership Project (3GPP)

Universal Mobile Telecommunications System (UMTS) Long Term
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Evolution (LTE) protocol, also referred to as EUTRA or Release-8 (Rel-8)
3GPP LTE or some later generation thereof, wherein the base unit
transmits using an orthogonal frequency division multiplexing (OFDM)
modulation scheme on the downlink and the user terminals transmit on
the uplink using a single carrier frequency division multiple access (SC-
FDMA) scheme. More generally, however, the wireless communication
system may implement some other open or proprietary communication
protocol, for example, WiMAX, among other protocols. The disclosure
is not intended to be limited to the implementation of any particular

wireless communication system architecture or protocol.

[00012] In FIG. 2, a user terminal (UE) 200 comprises a
controller/processor 210 communicably coupled to memory 212, a
database 214, a transceiver 216, input/output (I/O) device interface 218
connected through a system bus 220. The UE is compliant with the
protocol of the wireless communication system within which it
operates, for example, the 3GPP LTE Rel-8 or later generation protocol
discussed above. In FIG. 2, the controller/processor 210 may be
implemented as any programmed processor. However, the
functionality described herein may also be implemented on a general-
purpose or a special purpose computer, a programmed microprocessor
or microcontroller, peripheral integrated circuit elements, an
application-specific integrated circuit or other integrated circuits,
hardware/electronic logic circuits, such as a discrete element circuit, a
programmable logic device, such as a programmable logic array, field
programmable gate-array, or the like. In FIG. 2, the memory 212 may

include volatile and nonvolatile data storage, including one or more
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electrical, magnetic or optical memories such as a random access
memory (RAM), cache, hard drive, read-only memory (ROM),
firmware, or other memory device. The memory may have a cache to
speed access to specific data. Data may be stored in the memory or in a
separate database. The database interface 214 may be used by the
controller/processor to access the database. The transceiver 216 is
capable of communicating with user terminals and base stations
pursuant to the wireless communication protocol implemented. The
I/O device interface 218 connects to one or more input devices that may
include a keyboard, mouse, pen-operated touch screen or monitor,
voice-recognition device, or any other device that accepts input. The
I/O device interface may also connect to one or more output devices,
such as a monitor, printer, disk drive, speakers, or any other device

provided to output data.

[00013] According to one aspect of the disclosure, a wireless
communication infrastructure entity, for example, a base station
transmits a first control message on an anchor carrier, wherein the first
control message includes a resource assignment for the anchor carrier.
The base station also transmits a second control message on the anchor
carrier. The second control message is associated with a set of
component carriers, wherein the set of component carriers are distinct
from the anchor carrier. In this regard, the wireless communication
infrastructure entity generally comprises a controller that configures a
transceiver to transmit a first control message on the anchor carrier and
the controller configures the transceiver to transmit a second control

message on the anchor carrier wherein the first and second control
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messages are transmitted such that resource assignment for the set of
component carriers can be determined using the first and second
control messages. An anchor carrier is one of the component carriers
that a UE is directed to monitor or is capable of monitoring. For
example, a release 8 LTE UE would only be capable of monitoring a
release 8 compatible LTE carrier but not necessarily a release 9 or carrier
supporting a subsequent release of the LTE specification. In this case
the UE monitors the control region (first “n” symbols of each sub-
frame) of its anchor carrier and may not monitor the control region of
other (non-anchor) component carriers. Monitoring includes trying to

blindly detect control channels called PDCCH in the control region.

[00014] In the process flow diagram 300 of FIG. 3, at 310, a wireless
communication terminal receives a first control message on an anchor
carrier. The first control message includes a resource assignment for the
anchor carrier. At 320, the terminal also receives a second control
message on the anchor carrier, wherein the second control message is
associated with the set of component carriers. The set of component

carriers are distinct from the anchor carrier.

[00015] In one embodiment, the base stations transmits the first
and second control messages as separate first and second physical
downlink control channel (PDCCH) messages. According to this
embodiment, the wireless communication terminal receives the first
and second control messages as first and second PDCCH messages.
More generally, however, the first and second control messages may be

some other type of message. In one implementation, the first control
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message is communicated as a PDCCH message selected from a group
of downlink control information [DCI] formats comprising: [0]; [1];
[TA]; [1B]; [1C]; [1D]; [2] or [2A]. Such DCI formats are described in
3GPP TS 36.212, section 5.3.3.1.

[00016] In one embodiment, the base station is configured to
transmit a message identifying the set of component carriers associated
with the anchor carrier. Such a message may indicate to the user
terminal where resource allocations are expected. In one embodiment,
the message identifying the set of component carriers is embedded

within a PDCCH message.

[00017] In FIG. 3, at 330, the terminal determines a resource
assignment for at least one component carrier in the set of component
carriers using both the first and the second control messages. More
generally, the terminal determines a resource assignment for each
component carrier in the set of component carriers using both the first
and the second control messages. In one implementation, the resource
assignment for at least one component carrier in the set of component
carriers is determined using both the first and the second control
messages based on bit map information. The bit map information may
indicate the presence and/or absence of the resource assignment for the
component carrier. In one implementation, the bit map information

constitutes part of the first or second control messages.

[00018] In one implementation, the base station is configured to

encode the first control message using a first mask, the first mask
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scrambled with a first identifier and to encode the second control
message using a second mask, the second mask scrambled with a
second identifier. In one embodiment, the first and second masks are
first and second cyclic redundancy check (CRC) masks and the first and
second identifiers are first and second Cell -Radio Network Temporary
Identifiers (C-RNTI). The user terminal thus identifies the first control
message for the anchor carrier using a first CRC mask scrambled with a
first identifier, and the user terminal identifies the second control
message is using a second CRC mask scrambled with a second
identifier. In an alternate embodiment, the first and second identifiers
are predefined identifiers, e.g., integer 0 and 1, respectively, that are
combined with the UE Cell -Radio Network Temporary Identifier (C-
RNTI).

[00019] In one implementation, the second control message
includes resource assignment type information indicating how to
interpret the second control message. In one embodiment, the resource
type information is in the form of offset information. In one
implementation, the second control message includes a resource
assignment offset for at least one component carrier in the set of
component carriers. For example, the offset could be offset relative to
the resource assignment for anchor carrier. Thus the wireless
communication terminal determines the resource assignment for one or
more component carriers in the set of component carriers using the
resource assignment offset in the second control message. In a more
particular implementation, the second control message includes a

modulation coding scheme (MCS) offset for at least one component
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carrier in the set of component carriers. The MCS offset could be an
offset relative to the MCS for anchor carrier or relative to some other
reference. According to this implementation, the resource assignment is
determined for the one or more component carriers in the set of
component carriers using the modulation coding scheme offset in the

second control message.

[00020] In another implementation, the second control message
includes information for at least one component carrier wherein the
information is selected from a group comprising a hybrid automatic
repeat request (HARQ) process identity, a new data indicator, and a
redundancy version (RV). The wireless communication terminal then
determines the resource assighment for at least one component carrier
in the set of component carriers using the information in the second

control message.

[00021] In one embodiment, the functionality performed by the
wireless communication terminal during the implementation of the
process of FIG. 3 is performed by a processor or controller executing
instructions such as program modules, routines, objects, components,
data structures stored in memory wherein the processor or controller
performs particular tasks or implements corresponding functions.
Alternatively, this functionality may be performed by equivalent hard
elements or a combination of hardware and software elements as

suggested above
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[00022] In first exemplary implementation, the base station
configures UE via radio resource control (RRC) signaling with an
anchor carrier. The UE is expected to only monitor PDCCH messages
from the anchor carrier after initial access. Before assigning resources
on non-anchor component carriers via individual PDCCH in each
component carrier, base unit sends a configuration message to the UE
instructing the UE, the set of component carriers, whose PDCCH
messages are also expected to be monitored. The UE is expected to
monitor the PDCCH of those component carriers that have been
activated by the last received configuration message. The configuration
message is signaled to the UE via higher layer signaling, for example a
radio resource control (RRC) message. In an alternative embodiment,
the configuration message is signaled to the UE via physical layer
signaling on physical downlink shared channel (PDSCH) of UE’s
anchor carrier. According to this alternative, a portion of PDSCH
resource elements (REs) are punctured to transmit the configuration

message.

[00023] In one embodiment, the information in the configuration
message is a long term bitmap, with each bit corresponding to each
component carrier in the set of component carriers that are configured.
The UE is expected to monitor the PDCCH of only those component
carriers whose bit is set.  Alternatively, the information in the
configuration message is a single bit. According to this alternative
embodiment, the UE is expected to monitor the PDCCH of all the

configured component carriers only if the single bit is set.

10
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[00024] In a second exemplary implementation, the base station
configures UE via radio resource control (RRC) signaling with an
anchor carrier. The UE is expected to only monitor PDCCH messages
from the anchor carrier after initial access. Before assigning resources
on non-anchor component carriers via individual PDDCH messages in
each component carrier, base unit sends a configuration message to the
UE, instructing the UE, the set of component carriers, whose a PDCCH
messages are also expected to be monitored. The UE is expected to
monitor the PDCCH messages of those component carriers that have
been activated by the last received configuration message. In this
implementation, the configuration message is signaled to the UE via
physical layer signaling on the physical downlink control channel
(PDCCH) of anchor carrier. The configuration message is embedded
within an activation PDCCH message (PDCCH-A) and signaled to the
UE. Size of PDCCH-A message can the same as the existing 3GPP LTE
Rel-8 Downlink control information (DCI) format sizes, for example,
Format 1C or Format 1A as described in 3GPP LTE Rel-8 specification
TS36.212 section 5.3.3.1, or a new format with some other size. If the
size of PDCCH-A is the same as existing LTE Rel-8 DCI format sizes, a
LTE-A UE can detect PDCCH-A with reduced complexity as the unique
number of PDCCH message sizes the UE has to detect is reduced. In
some embodiments, the UE identifies PDCCH-A using a using a Rell0
specific Cell -Radio Network Temporary Identifier (C-RNTI) assigned
to it by the base station. The C-RNTI is used by the base station to
scramble the Cyclic Redundancy Check (CRC) bits used for error
detection coding of PDCCH-A message.

11
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[00025] In one embodiment, the information in the configuration
message is a long term bitmap (or a single bit) indicating the component
carriers whose PDCCH the UE is expected to monitor. Optionally, an
embedded uplink grant can also be included in the configuration
message along with the long term bitmap. The embedded uplink grant
instructs the UE to send channel Quality information (CQI) for the set of
component carriers identified in the long term bitmap. If the
configuration message is embedded in PDCCH-A, the uplink grant can
be made compact and also embedded in PDCCH-A in a manner similar
to embedding a Random Access Channel (RACH) response message in
a PDCCH as described in the LTE Rel-8 specification (3GPP TS 36.213
Section 6.2). The PDCCH-A can also include or indicate resources for
acknowledging the transmission of the configuration message to
increase reliability of signaling of the configuration message.
Optionally, the base unit can also instruct the UE to send CQI for the set
of component carriers identified in the long term bitmap by signaling a
CQI-only uplink grant in the same sub-frame where PDCCH-A is
transmitted. The configuration message can also optionally include a
time offset limit before which UE should configure its receiver to
monitor PDCCH messages from multiple component carriers. The time
offset limit could be signaled as a number of sub-frames. Such a time
offset limit can help the base unit and UE identify when exactly the UE
will be ready to monitor PDCCH messages from multiple component

carriers.

[00026] In one embodiment to increase the reliability of PDCCH-A

reception, the base station assigns resources to the UE on component

12
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carriers activated by PDCCH-A only after receiving feedback from the
UE. The feedback can be either ACK/DTX/NACK. A NACK can be
signaled by the UE to reject the configuration message from the base
unit based on current measurements or based on co-existence
optimization. Feedback transmission from the UE is possible on
physical uplink control channel/physical uplink shared channel
(PUCCH/PUSCH) of the anchor carrier. The PUCCH resource index
implicitly assigned to the UE by the base station based on the lowest
index of the Control Channel element (CCE) on which PDCCH-A is
transmitted. When a PDSCH is also scheduled to the UE in the same
sub-frame as the PDCCH-A, multiple ACK/NACKs (one each for
PDCCH-A and the PDSCH) can be transmitted using multiple PUCCH
resources. Alternatively, multiple ACK/NACKS can be transmitted
using ACK/NACK bundling or ACK/NACK channel selection. With a
concurrent uplink Physical Uplink Shared Channel (PUSCH)
transmission, multiple ACK/NACKs can be accommodated by
puncturing the PUSCH transmission. Alternately, in order to avoid
transmission of concurrent ACK/NACKSs, a scheduler restriction can be
used to not schedule PDSCH in sub-frames on which the PDCCH-A is
sent. Optionally, the base station may signal the PDCCH-A more than
once to the UE in the same sub-frame to increase reliability of PDCCH-

A reception.

[00027] In a third exemplary implementation, the base station
configures UE via radio resource control (RRC) signaling with an
anchor carrier. The UE is expected to only monitor the anchor carrier

after initial access. Before assigning resources on component carriers

13
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other than the anchor carrier, base unit sends a configuration message
to the UE, instructing it, the set of component carriers, where PDSCH
resource allocations are expected. The configuration message allows
the UE to semi-statically configure its receiver to receive PDSCH on the
set of component carriers. The configuration message can be signaled
to the UE via RRC signaling. Alternatively, the configuration message
can be embedded within an activation PDCCH message (PDCCH-A)
and signaled to the UE.

[00028] In one embodiment, the information in the configuration
message can contain a bitmap (or a single bit) indicating the component
carriers on which PDSCH assignments are expected (long term bitmap).
Optionally, an embedded uplink grant can also be included in the
configuration message along with the long term bitmap. The embedded
uplink grant for example instructs the UE to send Channel Quality
information (CQI) for the set of component carriers identified in the
long term bitmap. Such an uplink grant can be made compact and
embedded in the activation PDCCH message in a manner similar to
embedding a Random Access Channel (RACH) response message in a
PDCCH as described in the LTE Rel-8 specification (3GPP TS 36.213
Section 6.2). The PDCCH-A can also include or indicate resources for
acknowledging its transmission to increase reliability. Optionally, the
base unit can also instruct the UE to send CQI for the set of component
carriers identified in the long term bitmap by signaling a CQI-only
uplink grant in the same sub-frame where PDCCH-A is transmitted.
Optionally, the configuration message can also include a time offset

limit before which UE should semi-statically configure its receiver to

14
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receive PDSCH on multiple component carriers. The time offset limit
could be signaled as a number of sub-frames. Such a time offset limit
can help the base unit and UE identify when exactly the UE will be

ready to receive PDSCH on multiple component carriers.

[00029] To assign resources on multiple component carriers using
only the anchor carrier, the base station signals the UE using a first
PDCCH message with a Rel-8 complaint DCI format (PDCCH-1) that
includes a resource assignment for the anchor carrier and an additional
second PDCCH message in the same sub-frame with multi-component
carrier information (PDCCH-2). A Rel-8 compliant DCI format can be
one of DCI format 0, 1, 1A, 1B, 1C, 2 or 2A as described in LTE Rel-8
specification 3GPP TS 36.212 Section 5.3.3.1. While contents of PDCCH-
2 messages will be different from Rel-8 PDDCH messages, the size of
PDCCH-2 messages can be the same as one of the existing Rel-8
complaint DCI format sizes. This may be beneficial to reduce the
number of distinct PDDCH message sizes that a LTE-A UE has to
blindly decode.

[00030] The information in PDCCH-2 message can be a bitmap
indicating presence or absence of assighed PDSCH resources in each
component carrier. The bitmap is valid for only the current sub-frame.
Optionally, the information may be a resource allocation offset for each
component carrier, or a modulation coding scheme (MCS) offset for
each component carrier, or a New data indicator (NDI), Redundancy
Version indicator (RV) or a Hybrid ARQ process number (HARQ ID)

for each component carrier.

15
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[00031] FIG 4 illustrates a sub-frame 400 in which the PDCCH-1
message 410 and the PDCCH-2 message 411 are signhaled. A LTE-A UE
detects the PDCCH-1 message 410 in the sub-frame by monitoring the
PDCCH region 401 of the anchor carrier 430. The UE can identify
PDCCH-1 message 410 using a LTE Rel-8 specific Cell -Radio Network
Temporary Identifier (C-RNTI) assigned to it by the base station. The C-
RNTI is used to scramble the Cyclic Redundancy Check (CRC) bits used
for error detection coding of PDCCH messages. The UE uses Downlink
Control Information (DCI) fields in the PDCCH-1 message 410 to
determine its PDSCH resource assignment 420 for the anchor carrier
430. The UE further detects PDCCH-2 message 411 also in the PDCCH
region 401 of the anchor carrier 430. The UE can identity PDCCH-2 411
using for example a LTE Rell0 specific C-RNTT assigned to it by the
base station. The UE uses DCI information in PDCCH-2 411 and DCI
information in PDCCH-1 410 to determine its PDSCH resource
assignment 421 for the first component carrier 431 and the PDSCH
resource assignment 422 for the second component carrier 432. More
generally, the UE can use, DCI information in both PDCCH-1 and
PDCCH-2 messages to determine its PDSCH resource allocations in a
set of component carriers that it has been configured to receive. Since
both PDCCH-1 message 410 and PDCCH-2 message 411 are signaled to
the UE on the anchor carrier 430, the UE is not required to monitor the
PDCCH region of component carriers (e.g. PDCCH region 402 of first
component carrier 431). This allows the base unit to not configure a
PDCCH region in every component carrier thereby reducing control
signaling overhead. For example, in FIG 4 the second component carrier

432 is not configured with a PDDCH region.

16



WO 2010/107604

PCT/US2010/026500

[00032] Table 1 below shows contents of an exemplary PDCCH-1

message with a Rel-8 compliant DCI format - ‘Format 1" as described in

3GPP TS 36.212 section 5.3.3.1.2 assuming a 20MHz anchor carrier

bandwidth.

Table 1 - Contents of PDCCH-1 message with DCI Format 1

Field identifier

Number of bits

Resource allocation header

1

Resource Block assignment 25

MCS 5

HARQ process number 3

New Data Indicator 1

RV 2

TPC command for PUCCH 2
CRC (scrambled with Rel-8 C-RNTI) 16
Total 55

Table 2 below shows contents of an exemplary PDCCH-2 message with

multi-component carrier specific information for the cases where the UE

is configured to receive PDSCH resource allocation on a set of one or on

a set of two component carriers in addition to the anchor carrier.

Table 2 - Contents of PDCCH-2 message (for a UE configured with a set

of 1 or a set of 2 component carriers)

Field identifier

Bit field configuration
for one component

carrier

Bit field configuration
for two component

carriers

Resource allocation header (optional)

1x1=1

2x1=2

17
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Resource Block assignment (offset) 1x28=28 2x10=20
MCS (offset) 1x4=4 2x4=8
HARQ process number (optional) 0 0
New Data Indicator 1x1=1 2x1=2
Redundancy version 1x2=2 2x2=4
Padding bits (optional) 3 3
CRC (scrambled with Rel10 C-RNTT) 16 16
Total 55 55

[00033] If the UE is configured to receive PDSCH on one
component carrier in addition to the anchor carrier, the UE can interpret
the bits assigned to each DCI field in PDCCH-2 as shown in the “Bit
field configuration for one component carrier” column in Table 2. If the
UE is configured to receive PDSCH on a set of two component carriers
in addition to the anchor carrier, the UE can interpret the bits assigned
to each DCI field in PDCCH-2 as shown in the “Bit field configuration

for two component carriers” column in Table 2.

[00034] The ‘MCS (offset)” bits signal the modulation and coding
scheme (MCS) used for the PDSCH resource assignment of each
component carrier. The number of bits used to signal the MCS of the
resource assignment of each component carrier can be reduced by
signaling an offset value that corresponds to an offset to the MCS value

signaled for the anchor carrier resource assignment in PDCCH-1.

[00035] The ‘Resource allocation header” bits can be used to signal
additional information to the UE giving it information on how to
interpret the Resource Block assignment bits. Based on the value

signaled in the Resource allocation header bits, the UE can choose an
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appropriate mapping function to map the Resource Block assignment
bits to a set of resource block indices assigned for PDSCH transmission.
For example, the Resource allocation header bits can indicate the UE to
use either a “type 0” mapping function or a “type 1” mapping function
as described in 3GPP TS 36.213 section 7.1.6. Alternately, if the
‘Resource allocation header” bits are not signaled in PDCCH-2, the UE
can use the Resource allocation header bit in PDCCH-1 message to
determine the mapping function. In a different example, the Resource
allocation header bits can indicate the UE to use the same RB
assignment of the anchor carrier signaled in PDCCH-1 (identical
assignment) is also used on the component carriers. In this case, when
the Resource allocation header bits can indicate the UE to replicate the
RB assignment of the anchor carrier, additional RB assignment bits are

not required in PDCCH-2.

[00036] The ‘Resource Block assignment’ bits signal the resource
blocks assigned to the UE for receiving PDSCH transmissions within
each component carrier. UE can choose an appropriate mapping
function to map the Resource Block assignment bits to a set of resource
block indices assigned for PDSCH transmission. The mapping function
can be a “type 0” mapping function or a “type 1” mapping function or a
“type2” mapping function as described in 3GPP TS 36.213 section 7.1.6.
For example, if the UE is configured to receive PDSCH on a set of two
component carriers, a first set of ten of the twenty bits in the RB
assignment field can signal the resource block allocation for the first
component carrier and the remaining ten bits can signal the resource

block allocation for the second component carrier. Alternately, if the UE

19



WO 2010/107604 PCT/US2010/026500

is configured to receive PDSCH on only one component carrier then
twenty eight bits can be used for RB assignment field to signal the
resource block allocation for that single component carrier. In addition
to this, if the UE is configured to receive PDSCH on only one
component carrier, UE can interpret that the Resource Block assignment
bits are signaling a resource block assignment in groups of 4 resource
blocks each. If the UE is configured to receive PDSCH on a set of two
component carriers, UE can interpret that the Resource Block
assignment bits are signaling resource blocks in groups of 12 resource
blocks each. In a different example, the RB assignment bits in PDCCH-2
can be used to signal an offset value to the RB assignment of the anchor
carrier (signaled in PDCCH-1) for determining the RB assignment for
the component carrier. The RB numbering in each component carrier
can be labeled to begin with index 0.. If the RB assignment bits in
PDCCH-2 signal an offset value to the RB assignment of the anchor
carrier, the UE can add the offset value to the resource block indices of
the anchor carrier to determine the resource block indices for its PDSCH

allocations in the component carriers.

[00037] The "HARQ process number (optional)” bits in the PDCCH-
2 can be used to signal HARQ process identifier associated with the
PDSCH resource assignment for each component carrier in the set of
component carriers. Alternately, if the HARQ process number bits are
not signaled in PDCCHS-2, the UE can use the HARQ process number
signaled in PDCCH-1 to determine the HARQ process identifier
associated with the PDSCH resource assignment for each component

carrier. The ‘New Data Indicator” bits are used signal information that
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identifies whether the PDSCH resource assignment for each component
carrier corresponds to an initial transmission of new data, or, if the
PDSCH resource assignment for each component carrier corresponds to
a retransmission of previous data. The ‘Redundancy version” bits are
used signal information that indicates redundancy version of the data
transmitted on the PDSCH resource assignment.

[00038] As shown in Table 2, optional padding bits can be used in
PDCCH-2 to make the size of PDCCH-2 the same as that of one of the
existing Rel-8 DCI format sizes. For example, three padding bits can be
used in PDCCH-2 to make its size the same size of a LTE Rel-8 PDCCH
message with DCI format - ‘Format 1’. Having the DCI format size of
PDCCH-2 same as one of the existing Rel-8 DCI format sizes, reduces
the number of distinct PDDCH message sizes that a LTE-A UE has to
blindly decode before detecting the PDCCH-2 message addressed to it
thereby reducing UE complexity.

[00039] In an alternate embodiment, a component carrier indicator
bit map field may be included in PDCCH-2 message. The bit map
information may indicate the presence and/or absence of a resource
allocation for a component carrier. The UE may interpret the bits in
PDCCH-2 depending on the number of component carriers active in the
component carrier indicator bit map i.e., number of component carriers
for which resource allocation is present or signaled. For example, a UE
configured to receive PDSCH on a set of two component carriers in
addition to the anchor carrier receives in a sub-frame PDCCH-2 with
component carrier indicator bit map indicating only allocation for one

component carrier, the UE interprets the bits in the PDCCH-2 as shown
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in the “Bit field configuration for one component carriers” column in
Table 2. In a sub-frame when the UE receives a component carrier
indicator bit map indicating allocation in two component carriers, the
UE interprets the bits in the PDCCH-2 as shown in the “Bit field

configuration for two component carriers” column in Table 2.

[00040] In another embodiment, the resource allocation in PDCCH-
1 message may correspond to an allocation for a component carrier
other than the anchor carrier. A component carrier indicator bit map
may be included in PDCCH-2 message including bit field for the anchor
carrier as well as the component carrier. The bit map information may
indicate the presence and/or absence of a resource allocation for the
carrier. In this embodiment, the anchor carrier bit in the component
carrier indicator bit map is disabled i.e., indicating no resource
allocation for the anchor carrier. In one embodiment, the component
carrier for which the resource allocation in PDCCH-1 message
corresponds to the first component carrier with a presence of a resource
allocation as indicated in the component carrier indicator bit map
starting from for example, the MSB (most significant bit) in the bit map
field. In an alternate embodiment the component carrier indicator bit
map may be included in PDCCH-1 message by re-mapping some of the
bits in existing Rel-8 compliant DCI format used for PDCCH-1 to
indicate the component carrier indicator bit map. The component
carrier indicator bit map may be compressed (e.g., allowing only certain
combinations of active carriers) and may be jointly coded with other

fields in the control message.
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Table 3 - Contents of PDCCH-2 with multi-component carrier specific

information (for a UE configured with a set of 3 or a set of 4 component

carriers)
Bit field configuration | Bit field configuration
Field identifier for three component for four component
carriers carriers
Resource allocation header (optional) 3x1=3 4x1=4
Resource Block assignment (offset) 3x14=42 4x10=40
MCS (offset ) 3x3=9 4x3=12
HARQ process number (optional) 0 0
New Data Indicator 3x1=3 4x1=4
Redundancy version 3x2=6 4x2=8
Padding bits (optional) 5 0
CRC (scrambled with Rell0 C-RNTT) 16 16
Total 84 84

[00041] Table 2 showed contents of an exemplary PDCCH-2
message that can signal PDSCH resource assignment information to a
UE that is configured to receive PDSCH on a set one or a set of two
component carriers in addition to the anchor carrier. Table 3 shows
contents of another exemplary PDCCH-2 message that can signal
resource assignment information to a UE is configured to receive
PDSCH on a set of three or a set of four component carriers in addition
to the anchor carrier. If the UE is configured to receive PDSCH on three
component carriers in addition to the anchor carrier, the UE can
interpret the bits assigned to each DCI field in PDCCH-2 as shown in
the “Bit field configuration for three component carriers” column in
Table 3. If the UE is configured to receive PDSCH on a set of four
component carriers in addition to the anchor carrier, the UE can
interpret the bits assigned to each DCI field in PDCCH-2 as shown in
23
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the “Bit field configuration for four component carriers”. For PDCCH-2
message shown in Table 3, if the UE is configured to receive PDSCH on
three component carriers, UE can interpret that the Resource Block
assignment bits are signaling a resource block assignment in groups of 8
resource blocks each. If the UE is configured to receive PDSCH on a set
of four component carriers, UE can interpret that the Resource Block
assignment bits are signaling resource blocks in groups of 12 resource

blocks each.

[00042] While monitoring the PDCCH region, the UE can choose to
look for a PDCCH-2 message whose size corresponds to the set of
component carriers it is configured to receive. For example, a UE
configured to receive PDSCH on a set of one or two component carriers
will attempt to detect a PDCCH-2 message of size 55bits (as shown in
Table 2). The same UE when configured to receive PDSCH on a set of
three or four component carriers will attempt to detect a PDCCH-2
message of size 84bits (as shown in Table 3) and will not attempt to
detect the 55bit PDCCH-2 message. Such a UE operation reduces the
number of distinct PDDCH message sizes that the UE has to blindly
decode before detecting a PDCCH-2 message signaled to it by the base

station.

[00043] In an implementation where the configuration message
identifying the set of component carriers, where PDSCH resource
allocations are expected is embedded in an activation PDDCH message
(PDCCH-A), the UE is expected to receive only PDCCH-A or PDCCH-2
in a given sub-frame. The UE can differentiate between PDDCH-A and
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PDCCH-2 using an additional reserved bit in the payload of PDCCH-A
and PDCCH-2. Upon reception of PDCCH-A in a given sub-frame, the
UE receiver is configured for PDSCH reception on multiple component
carriers from the next sub-frame or from a later sub-frame determined

based on the sub-frame offset value signaled in PDCCH-A.

[00044] If the UE receives a PDCCH-A message and a PDCCH-1
message in the same sub-frame, it then processes the anchor carrier
PDSCH resource assignment signaled in PDCCH-1 and also configures
its receiver for PDSCH reception on multiple component carriers based
on the information given in PDCCH-A. In some embodiments, the last
symbol in sub-frame containing PDCCH-A may be used as a guard

period for reconfiguration based on the configuration message

embedded in PDCCH-A.

[00045] If the UE receives only a PDCCH-2 message in a sub-frame,
the UE realizes that it has missed the associated PDCCH-1 message.
Under these circumstances, the UE discards the PDCCH-2 message. The
base station must resend both PDCCH-1 and PDCCH-2 in a later sub-
frame. If the UE receives only a PDCCH-1 message in a sub-frame and
misses a PDCCH-2 message signaled by the base station, the UE uses
contents in the PDCCH-1 message to determine its PDSCH resource

assignment for the anchor carrier.

[00046] In another embodiment, A Rel-10 UE is expected to always
monitor the anchor carrier PDCCH region for two (or a fixed) number

of PDCCH messages that can be identified with a Rell0 specific C-
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RNTI. The UE can then combine the information in the individual
PDCCH messages to determine its resource assignments for set
component carriers on which the UE is configured to receive PDSCH

resource assignments.

[00047] For the first and second exemplary implementations, where
PDSCH resource assignments are signaled using individual PDCCH
messages on each component carrier, ACK/NACK bits that correspond
to the PDSCH assignments on individual component carriers in a given
sub-frame can be bundled and transmitted on the anchor carrier.
Bundling of ACK/NACK bits can be achieved by performing a logical
AND operation on ACK/NACK bits that correspond to the PDSCH
assignments on individual component carriers resulting in a single
ACK/NACK bit that corresponds to all the PDSCH assignments on
individual component carriers. If bundling of ACK/NACK bits is
performed, then a PDCCH message similar to PDCCH-2 could be
transmitted in the anchor carrier, with information indicating the
component carriers for which PDSCH resource assignments are
signaled in the sub-frame. Transmitting such a PDCCH-2 message can
help the UE to avoid error conditions while providing ACK/NACK
feedback.

[00048] In a fourth exemplary implementation, the base station
configures UE via radio resource control (RRC) signaling with an
anchor carrier. The UE is expected to only monitor PDCCH messages
from the anchor carrier after initial access. To assign resources on

multiple component carriers, the base station signals the UE using a
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PDCCH with Rel-8 complaint DCI format (PDCCH-1) and an additional
PDCCH in the same sub-frame with a Rel-10 specific multi-component
carrier information (PDCCH-2). The UE uses DCI information in both
PDCCH-1 and PDCCH-2 to determine its multi- component carrier
assignment for the next sub-frame. The one sub-frame delay is
introduced to accommodate processing time needed by the UE to both
decode the PDCCH messages and also to configure its receiver to
receive the PDSCH resource allocations signaled in the PDCCH
messages. In one embodiment, the sub-frame delay is indicated in a
broadcast control message or a control message by higher layer
signaling. The one sub-frame delay introduced between reception of
PDCCH messages (PDCCH-1 + PDCCH-2) and reception of assignhed
PDSCH resources can increase the delay between the sub-frame in
which the UE receives the PDCCH messages and the sub-frame in
which the UE can send an acknowledgement for the PDSCH resources
assigned by the PDCCH messages. This in-turn can increase the Hybrid
Automatic Repeat ReQuest (H-ARQ) round trip delay between the
initial transmission of packets (transmitted on the assighed PDSCH
resources) and their scheduled retransmissions in scenarios where the
initial transmissions were decoded erroneously. For example, in a LTE
Rel-8 system the H-ARQ round trip delay is 8ms for a single component
carrier PDSCH resource assignment. For a multi-carrier LTE Rell0
system using this exemplary implementation, the H-ARQ round trip
delay for data packets transmitted on PDSCH resources on multiple

component carriers will be 9 ms.
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[00049] In the fourth exemplary implementation, H-ARQ
ACK/NACK transmissions made by the UE that correspond to multi-
component carrier resource assignments in sub-frame n can overlap
with H-ARQ ACK/NACK transmissions made by the UE that
correspond to a single component carrier resource assignhment in sub-
frame n+1. UE processing delay for generating a H-ARQ
retransmission for multi-component carrier resource assignments can
be 5ms and UE processing delay for generating a H-ARQ
retransmission for single component carrier resource assignments can
be 4ms. If the sub-frame duration is 1ms, then both H-ARQ
ACK/NACK transmissions made by the UE that correspond to multi-
component carrier resource assignments in sub-frame n (HARQ1), and
H-ARQ ACK/NACK transmissions made by the UE that correspond to
a single component carrier resource assignment in sub-frame n+1
(HARQ?2), should be transmitted in sub-frame n+5. The UE can transmit
HARQ1 and HARQ? in separate frequency resources in sub-frame n+5.
This however increases the peak to average power ratio of the UEs
transmission in sub frame n+5 which is undesirable. Therefore, the
base station can avoid scheduling a single component carrier allocation
in a sub-frame that follows a sub-frame with multi-component carrier
allocation. If a sub frame n+1 with single component carrier allocation
must follow a sub frame n with multi-component carrier allocation,
both PDCCH-1 and PDCCH-2 can be transmitted in a sub-frame n+1 to
only schedule the single component carrier resource assignment. This
requires the UE to transmit the H-ARQ in sub-frame n+6 thereby
avoiding overlap. Such an implementation however may increase

PDCCH overhead.
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[00050] In the above embodiments and  exemplary
implementations, examples have been provided for the case of single
transport block transmission on a component carrier. It is obvious and
straightforward for a person skilled in the art to expand the invention to
cover other cases such as multiple transport block transmission on

components carriers such as with MIMO or spatial multiplexing.

[00051] Generally, while all the exemplary implementations
discussed herein focus on downlink resource assignments, in some

scenarios, they are relevant for to uplink resource grants as well.

[00052] While the present disclosure and the best modes thereof
have been described in a manner establishing possession and enabling
those of ordinary skill to make and use the same, it will be understood
and appreciated that there are equivalents to the exemplary
embodiments disclosed herein and that modifications and variations
may be made thereto without departing from the scope and spirit of the
inventions, which are to be limited not by the exemplary embodiments

but by the appended claims.

[00053] What is claimed is:
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CLAIMS

1. A wireless communication terminal comprising:

a wireless transceiver;

a controller coupled to the wireless transceiver,

the controller configuring the transceiver to receive a first
control message on an anchor carrier, the first control message
including a resource assignment for the anchor carrier,

the controller configuring the transceiver to receive a
second control message on the anchor carrier, the second control
message associated with a set of component carriers, the set of
component carriers are distinct from the anchor carrier,

the controller configured to determine a resource
assignment for at least one component carrier in the set of component

carriers using both the first and the second control messages.

2. The terminal of Claim 1, the controller configured to
determine a resource assignment for each component carrier in the set
of component carriers using both the first and the second control

messages.

3. The terminal of Claim 1, the controller configured to
determine a resource assignment for at least one component carrier in
the set of component carriers using both the first and the second control

messages based on bit map information,.
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4. The terminal of Claim 3, the control message includes

the bit map information.

5. The terminal of Claim 1, the first control message is a
first PDCCH message and the second control message is a second

PDCCH message.

6. The terminal of Claim 5, the first control message is a
PDCCH message selected from a group of downlink control
information [DCI] formats comprising: [0]; [1]; [LA]; [1B]; [1C]; [1D]; [2]
or [2A].

7. The terminal of Claim 1, the second control message
includes resource assignment type information indicating how to

interpret the second control message.

8. The terminal of Claim 1,

the second control message includes a resource assignment
offset for at least one component carrier in the set of component
carriers,

the controller configured to determine a resource
assignment for the at least one component carrier in the set of
component carriers using the resource assignment offset in the second

control message.

9. The terminal of Claim 1,
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the second control message includes a modulation coding
scheme offset [MCS] for at least one component carrier in the set of
component carriers,

the controller configured to determine a resource
assignment for the at least one component carrier in the set of
component carriers using the modulation coding scheme offset in the

second control message.

10. A method in a wireless communication terminal, the
method comprising:

receiving a first control message on an anchor carrier,

the first control message includes a resource assignment for
the anchor carrier;

receiving a second control message on the anchor carrier,

the second control message associated with a set of
component carriers, wherein the set of component carriers are distinct
from the anchor carrier,

determining a resource assignment for at least one
component carrier in the set of component carriers using both the first

and the second control messages.

11. The method of Claim 10, determining a resource
assignment for each component carrier in the set of component carriers

using both the first and the second control messages.

12.  The method of Claim 10, determining a resource

assignment for at least one component carrier in the set of component
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carriers using both the first and the second control messages based on

bit map information.

13. The method of Claim 12, the control message includes

the bit map information.

14. The method of Claim 10, receiving the first and second
control messages as separate first and second physical downlink control

channel (PDCCH) messages.

15. The method of Claim 14, receiving the first control
message includes receiving a PDCCH message selected from a group of
downlink control information formats comprising: [0]; [1]; [LA]; [1B];
[1C]; [1D]; [2] or [2A].

16. The method of Claim 10, wherein the second control
message includes resource assignment type information indicating how

to interpret the second control message.

17. The method of Claim 10,

the second control message includes a resource assignment
offset for at least one component carrier in the set of component
carriers,

determining a resource assignment for the at least one
component carrier in the set of component carriers using the resource

assignment offset in the second control message.
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18. The method of Claim 10,

the second control message includes a modulation coding
scheme offset for at least one component carrier in the set of component
carriers,

determining a resource assignment for the at least one
component carrier in the set of component carriers using the

modulation coding scheme offset in the second control message.

19. The method of Claim 10,

receiving the second control message includes information
for at least one component carrier, the information selected from a
group comprising a hybrid automatic repeat request process identity, a
new data indicator, and a redundancy version (RV),

determining a resource assignment for at least one
component carrier in the set of component carriers using the

information in the second control message.

20. The method of Claim 10,

identifying the first control message for the anchor carrier
using a first error detection mask,

identifying the second control message using a second

error detection mask.
21. The method of Claim 10, receiving a configuration

message identifying the set of component carriers associated with the

anchor carrier.
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