
1 METHODS OF RELIABLY SENDING CONTROL SIGNAL [0001] The present
Application for Patent claims priority to Provisional Application No.
61/040,823 entitled "METHODS OF RELIABLY SENDING CONTROL SIGNAL"
filed March 31, 2008, Provisional Application No. 61/053,347 entitled
"METHODS OF RELIABLY SENDING CONTROL SIGNAL" filed May 15, 2008, and
Provisional Application No. 61/074,861 entitled "METHODS OF RELIABLY
SENDING CONTROL SIGNAL" filed June 23, 2008. All of the
aforementioned provisional applications are assigned to the assignee
hereof and hereby expressly incorporated by reference herein.
BACKGROUND I.Field [0002] The following description relates generally
to wireless communications systems and more particularly to control
signals. Background [0003] Generally, a wireless multiple-access
communication system can simultaneously support communication for
multiple wireless terminals. Each terminal communicates with one or
more base stations via transmissions on the forward and reverse
links. The forward link (or downlink) refers to the communication
link from the base stations to the terminals, and the reverse link
(or uplink) refers to the communication link from the terminals to
the base stations. This communication link may be established via a
singlein-single-out, multiple-in-signal-out or a
multiple-in-multiple-out (MIMO) system. [0004] A MIMO system employs
multiple (Ny) transmit antennas and multiple (NR) receive antennas
for data transmission. A MIMO channel formed by the NT transmit and
NR receive antennas may be decomposed into Ns independent channels,
which are also referred to as spatial channels, where Ns min{NT, N}.
Each of the Ns independent channels corresponds to a dimension. The
MIMO system can provide improved performance (e.g., higher throughput
and/or greater reliability) if the additional dimensionalities
created by the multiple transmit and receive antennas are utilized.
[0005] A MIMO system supports a time division duplex (TDD) and
frequency division duplex (FDD) systems. In a TDD system, the forward
and reverse link transmissions are 



2 on the same frequency region so that the reciprocity principle
allows the estimation of the forward link channel from the reverse
link channel. This enables the access point to extract transmit
beamforming gain on the forward link when multiple antennas are
available at the access point. [0006] Within a wireless communication
system physical channels are normally further divided into dedicated
channels and common channels depending on the entities being
serviced. A dedicated channel is assigned to facilitating
communications between a base station and a specific LIE. A common
channel is shared by different UEs and is used by a base station to
transmit signals that are commonly communicated to all users within
the geographic area (cell) being serviced by the base station.
According to LTE technology, all allocations are signaled in Shared
Control Channels, which are coded separately. Hence, a downlink (or
uplink) channel is divided into two separate parts, one for each of
control and data messages. The data part (PDSCH - Physical Downlink
Shared Channel) carries downlink (or uplink) data for simultaneously
scheduled users, while the control part (PDCCH) carries (among
others) allocation information for scheduled users. Hence, reliable
exchange of control signals is necessary for implementing efficient
wireless communication systems. SUMMARY 100071 The following presents
a simplified summary of one or more aspects in order to provide a
basic understanding of such aspects. This summary is not an extensive
overview of all contemplated aspects, and is intended to neither
identify key or critical elements of all aspects nor delineate the
scope of any or all aspects. Its sole purpose is to present some
concepts of one or more aspects in a simplified form as a prelude to
the more detailed description that is presented later. [0008]
Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, 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., bandwidth and transmit power). Examples of such
multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency
division multiple  3 access (FDMA) systems, 3GPP Long Term Evolution
(LTE) systems, and orthogonal frequency division multiple access
(OFDMA) systems. 



[0009] A method of transmission that facilitates accurate decoding of
PDCCH by a UE is disclosed in accordance with an aspect. The method
involves determining an aggregation level for downlink PDCCH for the
UE. The payload size for the PDCCH is analyzed to determine if it is
ambiguous. In a further aspect, the payload size n is ambiguous if it
satisfies the condition n = m/k*24, where k, m are integers, m
represents the number of CCEs (Control Channel Elements) and k
represents the number of repetitions of a coded block. In a further
aspect, if the maximum coding rate is x and 0<x<1, then corresponding
maximum size of an ambiguous payload is 72*(8-m)*x. .Ambiguous
payload sizes are modified by zero-padding data packets for the
downlink 13DCCH with one or more bits and transmitting payload with
the zero padded data packets. The number of bits for zero padding can
be based on the payload size. [0010] Another aspect relates to a
processor configured to facilitate accurate decoding of PDCCH by a
UE. The processor can comprises a first module for determining if
payload size for the PDCCH is ambiguous. In a further aspect, the
payload size n is ambiguous if n = m/k*24, and n is less than
72*(8-m)*x wherein x is the maximum coding rate and 0<x<1 The
variables k, m are integers, m represents the number of CCEs and m is
less than eight. The integer k represents the number of repetitions
of a coded block. For ambiguous payload sizes, a second module also
comprised within the processor, changes size of the payload by
zero-padding data packets for the downlink PDCCH with one or more
bits for ambiguous payload size. [0011] A computer program product,
comprising a computer-readable medium is disclosed in accordance with
another aspect. The computer-readable medium comprises a first set of
codes for causing a computer to determine if payload size of data
packets for downlink PDCCH is ambiguous. The medium can also comprise
a second set of codes for causing the computer to include one or more
bits in the data packets that correspond to the ambiguous payload
size for zero padding. A third set of codes, also included in the
medium, determine a number of bits used for zero padding based at
least on the payload size. In accordance with a further aspect, the
payload size (n) is ambiguous if n = m/k*24, where k, m are integers.
The variable m is less than 8, m represents the number of CCEs. The
variable k represents the number of repetitions of a coded block.  4
[0012] An apparatus for facilitating accurate decoding of PDCCH by a
UE is disclosed in another aspect. The apparatus comprises means for
determining a payload size for the PDCCH and means for zero-padding
data packets for the downlink PDCCH by including one or more bits for
ambiguous payload sizes. Upon processing, the payload with zero
padding is transmitted utilizing transmission means also included in
the apparatus. [0013] A wireless communication apparatus comprising a
memory and a processor is disclosed in another aspect. The memory
stores instructions for analyzing if data packets for transmission in
downlink PDCCH have problematic sizes. If the packets have
problematic sizes, the memory stores further instructions for
changing the size of such data packets by zero padding them with one
or more bits based on the payload size. A processor, coupled to the
memory, is configured to execute the instructions stored in the
memory. [0014] A method of identifying a valid ACK/NACK
(acknowledgement/negative acknowledgement) from amongst a plurality
of ACK/NACKs received from a UE on different aggregation levels is
disclosed in this aspect. It is initially determined if more than one



5 received ACK/NACKs. The processor is coupled to the memory and is
configured to execute the instructions stored in the memory. [0016] A
computer program product comprising a computer-readable medium is
also disclosed in accordance with another aspect. The product
comprises a first set of codes for determining if more than one
ACK/NACK is received from the UE. A second set of codes for
identifying an aggregation level corresponding to downlink PDCCH for
which the HE has transmitted the plurality of ACK/NACKs are also
comprised within the medium. All ACK/NACKs received from the UE for
all valid aggregation levels less than or equal to the aggregation
level of the downlink PDCCH are decoded in accordance with a third
set of codes in the medium. A fourth set of codes analyze attributes
associated with each of the decoded ACK/NACKs and a fifth set of
codes select a valid ACK/NACK from the plurality of ACK/NACKs based
at least on the analyzed attributes. [0017] Another aspect relates to
a method that facilitates accurate decoding of PDCCH., The method
involves determining an aggregation level to be used for a downlink
PDCCH transmission to a specific UE and determining an offset based
at least on the aggregation level. Resources for uplink ACKJNACK for
the UE are mapped utilizing an offset determined based on the
aggregation level. Resource assignment messages with the aggregation
level dependent offset are generated and transmitted to the UE in the
downlink PDCCH. [0018] A wireless communication apparatus comprising
a memory and a processor is disclosed in accordance with another
aspect. The memory stores instructions for generating resource
assignment messages to be transmitted in a downlink PDCCH with an
aggregation level dependent offset. A processor, coupled to the
memory, is configured to execute the instructions stored in the
memory. [0019] Another aspect relates to a computer program product,
comprising a computer-readable medium. The medium comprises a first
set of codes for determining an aggregation level to be used for a
downlink PDCCH transmission to a specific HE. A second set of codes
for mapping resources for uplink ACK/NACK for the HE utilizing an
offset determined based on the aggregation level is also comprised in
the medium. Resource assignment messages with the aggregation level
dependent offset are generated and transmitted respectively to the UE
on the downlink PDCCH in accordance with the third and fourth set of
codes also included in the medium.  6 [0020] An apparatus that
facilitates accurate decoding of PDCCH is disclosed in accordance
with yet another aspect. It comprises means for detetuaining, means
for mapping resources and means for generating the resource
assignment messages. The means for detemfining is used to identify an
aggregation level to be used for a downlink PDCCH transmission to a
specific HE. Accordingly, resources for uplink ACK/NACK for the UE
utilizing an offset determined based on the aggregation level are
mapped by the mapping means while the messages to be transmitted in
the downlink PDCCH are generated by a generating means also comprised
within the apparatus. [0021] A method that facilitates in accurate
decoding of PDCCH is disclosed in yet another aspect. The method
involves determining an aggregation level associated with a downlink
PDCCH and generating a sequence corresponding to the aggregation
level for the PDCCH. The CRC (Cyclic Redundancy Check) bits for the
downlink PDCCH are scrambled utilizing the generated sequence and
transmitted in the downlink PDCCH. 



[0022] Another aspect relates to a wireless communication apparatus.
The apparatus comprises a memory that stores instructions for
scrambling CRC (Cyclic Redundancy Check) bits for downlink PDCCH
utilizing a sequence generated corresponding to an aggregation level
for the downlink PDCCH and a processor, coupled to the memory,
configured to execute the instructions stored in the memory. [0023] A
computer program product, comprising a computer-readable medium is
disclosed in accordance with this aspect. The medium comprises codes
for determining an aggregation level associated with a downlink PDCCH
and generating a scrambling sequence corresponding to the aggregation
level for the PDCCH. It further includes code for scrambling the CRC
(Cyclic Redundancy Check) bits for the downlink PDCCH utilizing the
generated scrambling sequence and transmitting the scrambled bits in
the downlink PDCCH. [0024] Another aspect is related to an apparatus
that facilitates accurate decoding of PDCCH. The apparatus comprises
means for scrambling CRC (Cyclic Redundancy Check) bits for a
downlink PDCCH utilizing an aggregation level dependent sequence and
means for transmitting the scrambled CRC bits. [0025] A method of
receiving PDCCH is disclosed in accordance with yet another aspect.
The method comprises receiving and decoding a downlink PDCCH
comprising CRC bits scrambled with an aggregation level dependent
sequence. It further comprises  7 steps of descrambling the decoded
bits using the scrambling sequence to identify the aggregation level
associated with the sequence and checking the CRC for the identified
aggregation level. [0026] Another aspect relates to a wireless
communication apparatus. The apparatus comprises a memory that stores
instructions for descrambling decoded CRC (Cyclic Redundancy Check)
bits received on downlink PDCCH. The CRC bits are descrambled
utilizing a sequence generated corresponding to an aggregation level
for the downlink PDCCH. A processor, coupled to the memory, is
configured to execute the instructions stored in the memory. 



[0027] A computer program product comprising a computer-readable
medium is also disclosed in yet another aspect. The medium comprises
code for determining an aggregation level associated with a downlink
PDCCH and generating a sequence corresponding to the aggregation
level for the PDCCH. The CRC (Cyclic Redundancy Check) bits for the
downlink PDCCH are scrambled utilizing the generated sequence and
transmitted in the downlink PDCCH. [00281 Another aspect relates to
an apparatus that facilitates accurate decoding of PDCCH. The
apparatus comprises means for receiving CRC bits scrambled with an
aggregation level dependent scrambling sequence and means for
decoding a received downlink PDCCH on an associated aggregation
level. The aggregation level is obtained by descrambling the CRC
(Cyclic Redundancy Check) bits received in the downlink PDCCH
utilizing the aggregation level dependent sequence. [0029] A method
of transmission that facilitates accurate decoding of PDCCH by a
plurality of UEs, is disclosed in accordance with yet another aspect.
An aggregation level associated with a downlink PDCCH for each of the
plurality of UEs is initially identified in accordance with this
method. A scrambling sequence corresponding to an aggregation level
for each of the UEs is generated and CRC bits for each of the UEs are
scrambled using respective scrambling sequence. The scrambled CRC
bits are then transmitted in a downlink PDCCH on an identified
aggregation level to each of the LIEs. [0030] Another aspect relates
to a wireless communication apparatus comprising a memory that stores
instructions for generating a respective scrambling sequence
corresponding to an aggregation level of a downlink PDCCH for each of
a plurality of UEs. A processor, coupled to the memory, is configured
to execute the instructions stored in the memory.  8 [0031] A
computer program product, comprising a computer-readable medium is
disclosed in accordance with this aspect. The medium comprises codes
for identifying an aggregation level associated with a downlink PDCCH
for each of the plurality of UEs. A second set of codes for
generating an scrambling sequence corresponding to an aggregation
level for each of the UEs are also comprised within the medium. The
CRC bits for each of the UEs using are scrambled respective
scrambling sequence in accordance with a third set of codes included
in the medium and the scrambled CRC bits are transmitted in a
downlink PDCCH on an identified aggregation level to each of the UEs
according to a fourth set of codes included in the medium. [0032] An
apparatus that facilitates accurate decoding of PDCCH is disclosed in
accordance with yet another aspect. The apparatus comprises means for
generating a scrambling sequence based on respective aggregation
levels associated with downlink PDCCH to be received by each of a
plurality of UEs. It also includes means for encoding CRC bits to be
transmitted to the plurality of UEs utilizing the aggregation level
dependent scrambling sequence and means for transmitting the PDCCH
with the encoded CRC bits to one or more of the plurality of UEs.
[0033] A method of transmission that facilitates UE to accurately
decode PDCCH is disclosed in accordance with yet another aspect. The
method comprises identifying an aggregation level to be associated
with downlink PDCCH of a specific UE and including at least a bit to
indicate the aggregation level within the downlink PDCCH. In a
further aspect, the bit is included if a payload size associated with
the downlink PDCCH is an ambiguous payload size that causes a
receiving UE to decode the downlink PDCCH on more than one



[0035] A computer program product, comprising a computer-readable
medium is disclosed in accordance with yet another aspect. The medium
comprises a first set of codes for identifying an aggregation level
associated with a downlink PDCCH for a UE. A second set of codes, are
also comprised in the medium, for including one or more bits within
the PDCCH, such that they indicate the aggregation level to the UE.
9 [0036] Another aspect relates to an apparatus that facilitates
accurate decoding of PDCCH,. The apparatus comprises means for
identifying an aggregation level associated with a downlink PDCCH for
a specific UE. The PDCCH comprising one or more bits that indicate
the aggregation level is sent to the UE by a transmitting means also
included within the apparatus. [0037] To the accomplishment of the
foregoing and related ends, the one or more aspects comprise the
features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set
forth in detail certain illustrative features of the one or more
aspects. These features are indicative, however, of but a few of the
various ways in which the principles of various aspects may be
employed, and this description is intended to include all such
aspects and their equivalents. BRIEF DESCRIPTION OF THE DRAWINGS
[0038] Fig. 1 is a schematic diagram of a multiple access wireless
communication system according to one or more aspects. [0039] Fig. 2
is a schematic figure illustrating search space associated with
different aggregation levels for various users. [0040] Fig. 3
illustrates an example of repetition for a particular payload size
(48 bits). [0041] Fig. 4 illustrates a methodology of transmission in
accordance with an aspect. [0042] Fig. 5 details a methodology of
transmission in accordance with an aspect that facilitates accurate
decoding of PDCCH by a HE. [0043] Fig. 6 illustrates a method of
reception that addresses consequences arising due to multiple CRC
passes in accordance with an aspect. 



[0044] Fig. 7 is a flow chart detailing a methodology of identifying
an ACK/NACK accurately from amongst a plurality of ACK/NACKs received
from a UE on different aggregation levels. [0045] Fig. 8 is a flow
chart detailing a methodology wherein accurate decoding of PDCCH is
facilitated by utilizing aggregation level dependent rate matching.
[0046] Fig. 9 details another method of transmission wherein
aggregation level dependent CRC (Cyclic Redundancy Check) mask is
used to aid in decoding PDCCH accurately.  10 10047) Fig. 10 shows a
methodology of transmitting downlink PDCCH in a manner that aids the
UE receiving it to accurately decode the PDCCH without increasing the
CRC false alarm rate. [0048] Fig. 11 illustrates a method of
transmission that facilitates a UE to accurately decode PDCCH. [0049]
Fig. 12 illustrates another method of transmission that facilitates
the UE to accurately decode PDCCH. 100501 Fig. 13 is a schematic
diagram of an example system configured to transmit downlink PDCCH in
a wireless communications network according to one or more aspects.
[0051] Fig. 14 illustrates another example system that is configured
to receive downlink PDCCH in a wireless communications network
according to one or more aspects. 



[0052] Fig. 15 illustrates a multiple access wireless communication
system according to one embodiment. [0053] Fig. 16 is a block diagram
of an embodiment of a transmitter system (also known as the access
point) and a receiver system (also known as access terminal) in a
MIMO system. DETAILED DESCRIPTION [0054] Various aspects are now
described with reference to the drawings. In the following
description, for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding of one or
more aspects. It may be evident, however, that such aspect(s) may be
practiced without these specific details. [0055] As used in this
application, the terms "component," "module," "system" and the like
are intended to include a computer-related entity, such as but not
limited to hardware, firmware, a combination of hardware and
software, software, or software in execution. For example, a
component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of illustration, both
an application running on a computing device and the computing device
can be a component. One or more components can reside within a
process and/or thread of execution and a component may be localized
on one computer and/or distributed between two or more computers. In
addition, these components can execute from various computer readable
media  11 having various data structures stored thereon. The
components may communicate by way of local and/or remote processes
such as in accordance with a signal having one or more data packets,
such as data from one component interacting with another component in
a local system, distributed system, and/or across a network such as
the Internet with other systems by way of the signal. 100561
Furthermore, various aspects are described herein in connection with
a terminal, which can be a wired terminal or a wireless terminal. A
terminal can also be called a system, device, subscriber unit,
subscriber station, mobile station, mobile, mobile device, remote
station, remote terminal, access terminal, user terminal, terminal,
communication device, user agent, user device, or user equipment
(UE). A wireless terminal may be a cellular telephone, a satellite
phone, a cordless telephone, a Session Initiation Protocol (SIP)
phone, a wireless local loop (WLL) station, a personal digital
assistant (PDA), a handheld device having wireless connection
capability, a computing device, or other processing devices connected
to a wireless modem. Moreover, various aspects are described herein
in connection with a base station. A base station may be utilized for
communicating with wireless terminal(s) and may also be referred to
as an access point, a Node B, or some other terminology. 100571
Moreover, the term "or" is intended to mean an inclusive "or" rather
than an exclusive "or." That is, unless specified otherwise, or clear
from the context, the phrase "X employs A or B" is intended to mean
any of the natural inclusive permutations. That is, the phrase "X
employs A or B" is satisfied by any of the following instances: X
employs A; X employs B; or X employs both A and B. In addition, the
articles "a" and "an" as used in this application and the appended
claims should generally be construed to mean "one or more" unless
specified otherwise or clear from the context to be directed to a
singular form. 100581 The techniques described herein may be used for
various wireless communication systems such as CDMA, TDMA, FDMA,
OFDMA, SC-FDMA and other systems. The terms "system" and "network"



12 technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), 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 Long Term Evolution (LTE) is a
release of UMTS that uses E-UTRA, which employs OFDMA on the downlink
and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS, LTE and GSM are
described in documents from an organization named "3rd Generation
Partnership Project" (3GPP). Additionally, cdma2000 and LIMB are
described in documents from an organization named "3rd Generation
Partnership Project 2" (3GPP2). Further, such wireless communication
systems may additionally include peerto-peer (e.g., mobile-to-mobile)
ad hoc network systems often using unpaired unlicensed spectrums,
802.xx wireless LAN, BLTJETOOTH and any other short- or long- range,
wireless communication techniques. [0059] Various aspects or features
will be presented in terms of systems that may include a number of
devices, components, modules, and the like. It is to be understood
and appreciated that the various systems may include additional
devices, components, modules, etc. and/or may not include all of the
devices, components, modules etc. discussed in connection with the
figures. A combination of these approaches may also be used. [0060]
Referring now to Fig. 1, a multiple access wireless communication
system 100 according to one or more aspects is illustrated. A
wireless communication system 100 can include one or more base
stations in contact with one or more UEs. Although a single UE is
shown, each base station 102 provides coverage for a plurality of
UEs. UE 104 is in communication with the BS 102 that transmits
information to UE 104 over forward link 106 and receives information
from UE 104 over reverse link 108. Forward link (or downlink) refers
to the communication link from the base stations to mobile devices,
and the reverse link (or uplink) refers to the communication link
from mobile devices to the base stations. Various data and control
signals are communicated by the BS 102 to UE 104 via common and
dedicated communication channels. In particular, UE specific control
signals such as information regarding uplink resources, is
communicated by the BS 102 via downlink PDCCH. Due to various reasons
such as problematic payload sizes, and multiple locations of PDCCH as
further detailed infra, the LIE 104 may not be able to accurately
decode PDCCH. As a result it is unable to identify resources
allocated to it for uplink communications.  13 [0061] In accordance
with various aspects further detailed infi-a, BS 102 or TIE 104 can
implement various methodologies to address issues associated with
PDCCH thereby leading to smoother communications. For example, BS 104
can be associated with an analysis component 110 and a processing
component 112 in accordance with an aspect. Although the analysis
component 110 and processing component 112 are illustrated as
different components for clarity, it can be appreciated that the
functions described herein can be executed by a single component. The
analysis component 110 identifies if payload sizes for downlink PDCCH
are problematic or cause ambiguity in decoding downlink PDCCH by a
receiving UE. In an aspect, the payload size can include both
information fields and CRC bits. The processing component 112
facilitates avoiding transmission payloads that are identified by the
analysis component 110 as being associated with problematic sizes. In
accordance with a further aspect, the processing component 112 can
avoid the problematic transmission payload by zero padding. In a more



14 blindly searches its expected DCI from the common search space and
the UE specific search space. The starting CCE index of the UE
specific search space is given by a hashing function that can
comprise input parameters of UE ID, subframe number, total number of
CCEs and aggregation level. 100631 In accordance with current E-UTRA
specification, there exists common search space and UE-specific
search space defined in terms of aggregated CCEs with a certain
aggregation level over which the UE performs blind decoding of PDCCH.
CCEs in a set are contiguous and sets are spaced apart by a fixed
number of CCEs. A CCE corresponds to a set of resource elements such
that one PDCCH can be made up of 1, 2, 4, 8 CCEs. As channel
conditions with respect to a given BS can vary for different UEs, the
BS transmits to these UEs with different power levels corresponding
to respective channel conditions. This is achieved via the
aggregation levels of CCEs such that level 1 is the most aggressive
level that requires excellent channel conditions in order to transmit
to the UE while level 8 is the most conservative such that UEs with
bad channel conditions can also receive the BS signals transmitted on
this level. However, at any given time a UE is required to decode
multiple locations and within specific location a UE has to decode
different aggregation levels to identify PDCCH. Thus, for example, a
UE can try six possible locations for control transmissions with
aggregation levels 1 and 2, while the UE can try 2 possible locations
for levels 4 and 8 in order to decode PDCCH. Additionally, for each
level PDCCH can have two potential control formats to address
different purposes. As a result, the UE has to try 32 different
locations for identifying PDCCH transmissions. Further, the search
space can overlap or remain disjoint for different aggregation
levels. [00641 Fig. 2 is a schematic figure illustrating search space
associated with different aggregation levels for various users. UE
specific search space associated with three aggregation levels 1, 2
and 4 for four different users UE #1, UE #2, UE #3 and UE #4 is
illustrated in this figure. The search space for UE #1 for
aggregation level 1 extends from CCE index 10 to CCE index 15, for
aggregation level 2 the search space extends for CCE index 4 to CCE
index 7 while for aggregation level 4 the search space extends from
CCE index 0 to CCE index 1. Therefore, there is no overlapping of the
search space corresponding to different aggregation levels for TYE
#1. The search space for aggregation level 1 of UE #2 spans from CCE
index 1 to CCE index 6, the search space for aggregation level 2
spans from CCE index 1 to CCE index 4 while for aggregation  15 level
4 the search space spans CCE index 1 and CCE index 2. Thus, the
search space for aggregation level 4 can contain some part of search
space of aggregation level 2 for UE #2. As a result, if the control
channel PDCCH is transmitted on level 4 UE #2 may be able to decode
multiple PDCCH for downlink assignment. As a result, it can be
conjectured that either the UE is decoding another user's assignment
or the UE is decoding one PDCCH more than once as illustrated for TIE
#2 in Fig. 2. The later situation can arise when the UE decodes one
PDCCH with different aggregation sizes due to overlapping of their
search spaces. The search space of different aggregation levels can
overlap due to certain specific payload sizes as detailed infra. Such
overlapping of search space for different aggregation levels leads to
certain ambiguity regarding resources for uplink transmissions. This
is because the first CCE of the downlink PDCCH is used to determine



example, according to LTE advanced (Release 9 and beyond), the
maximum payload size can be larger than 80. Accordingly, an
additional ambiguous payload size of 96 bits can be identified for
PDCCH when m=4, k=1 wherein m represents the number of CCEs and k
represents the number of repetitions of the coded block. [0066] Fig.
4 illustrates a methodology of transmission 400 in accordance with an
aspect. The method begins at 402 wherein payload sizes are
determined. At 404, messages are generated in a manner that
problematic payload sizes are avoided. These messages are transmitted
as shown at 406. Through this methodology, transmission of payloads
that cause a plurality of aggregation levels to be decoded for one
PDCCH is mitigated. However, this methodology is dependent on various
factors such as bandwidth definition, carrier frequency, number of
transmit antennas and on whether the system implements TDD (Time
Division Duplex) or FDD (Frequency Division Duplex). Additionally,
this method increases the complexity of processing at the base
station as all possible combinations of aggregation levels should be
tested to avoid specific payload sizes. [0067] As mentioned supra,
ten problematic or ambiguous payload sizes are identified. Based on
factors such as 1/3 convolutional coding rate, QPSK modulation and
the fact that each CCE corresponds to 36 resource elements, the
problematic payload sizes n should satisfy the following condition:
n*3/2*k = m*36, or, n = m/k*24, where k,m are integers, and m<8 - n
represents the payload size - m represents the number of CCEs k
represents the number of repetitions of the coded block n should be
less than (8-m)*36*2*x = 72 * (8-m)*x where x is the maximum coding
rate constraint and 0< x <1  If m=7, n<54              If m=6, n<108,
etc. - For nstance n=48 (m=2, k=1) n=36 (m=3, k=2) n=32 (m=4, k=3),
etc. 



17 In accordance with a further aspect coding rate can be less than %
in order to facilitate the UE to decode the PDCCH. 100681 Fig. 5
details another methodology of transmission 500 in accordance with an
aspect that facilitates accurate decoding of PDCCH by a UE. The
methodology begins at 502 wherein it is determined if packets for
downlink PDCCH correspond to ambiguous payload sizes identified
supra. If the data packets do not correspond to the aforementioned
ambiguous payload sizes, the method moves to 508 wherein they are
transmitted to the 15E. If at 502, it is determined that the packets
correspond to one of the ambiguous payload sizes, based on the packet
size the number of bits for zero padding can be determined as shown
at 504. For example, if a payload of size 40 is padded with two bits,
it results in a payload of size 42 which is another problematic size.
Hence, the number of bits for zero padding can vary based at least on
the payload size. At 506, the payload is processed to include the
zero padding bits as determined at 504. At 508, the packets processed
thus to include the zero padding bits are transmitted to a designated
UE. This methodology thereby avoids ambiguous payload sizes and aids
the UE in accurately decoding PDCCH as it mitigates overlapping of
aggregation levels. [0069] Fig. 6 illustrates a method of reception
600 that addresses consequences arising due to multiple CRC passes in
accordance with an aspect. This method does not require changes at
the base station, rather, it is implemented by the UE to
unambiguously select uplink ACK/NACK resources. In accordance with
this method, a UE decodes all possible aggregation sizes as shown at
602. At 604, it is determined if the TIE has decoded PDCCH on more
than one aggregation level. If the UE decodes only one PDCCH, the
method terminates at the end block as the uplink ACK/NACK resources
are accurately identified. However, if at 604, it is determined that
the UE has successfully decoded more than one PDCCH, the method
proceeds to 606. At 606, the lowest CCE index among those valid
PDCCHs (the CCE corresponding to the highest passing aggregation
level) is selected. At 608, uplink ACKJNACK is transmitted utilizing
the resources determined at step 606. The method subsequently
terminates on the end block. This method thus facilitates in
unambiguously identifying resources for uplink ACK/NACK but require
the UE to do a complete search of all the PDCCHs it can decode in
order to identify the CCE with the lowest index.  18 [0070] Fig. 7 is
a flow chart 700 detailing a methodology of identifying an ACK/NACK
accurately from amongst a plurality of ACK/NACKs received from a UE
on different aggregation levels. The method begins at 702 wherein a
base station receives uplink transmissions from a UE. In accordance
with this aspect, the uplink transmissions can comprise ACK/NACK
associated with previously transmitted downlink communications. At
704 it is determined if a plurality of ACK/NACKs have been received.
If it is determined at 704 that the base station has received only a
single ACKJNACK corresponding to uplink resources allocated to the
HE, the process terminates on the end block. However, if it is
determined at 704 that the base station has received more than one
ACK/NACK from the HE, the method proceeds to 706 wherein the
aggregation level g(k) corresponding to the downlink PDCCH for which
the UE has transmitted the ACK/NACKs is identified. At 708, all the
ACK/NACKs received from a UE for all valid aggregation levels less
than or equal to g(k) are decoded. At 710, the attributes associated
with each of the decoded ACK/NACKs are determined and analyzed. At



19 bit collection, selection and transmission are detailed below in
accordance with this aspect. The circular buffer of length K, = 3Kn
is generated as follows:    Denoting by E the rate matching output
sequence length for this coded block, the rate matching output bit
sequence is ek,k= 0,1,..., E-1. Al(u) is defined wherein u is the
possible aggregation level for control channel, i.e., u=1,2,4,8 Set k
0 and j = 0 while k CE) if vv./ mod Kw #< NULL> 



ek= 141( j+ 4(apsod k= k +1 j = j +1 else j =j +1 end if end while
[00721 The method 800 illustrated in Fig. 8 begins at 802 wherein the
aggregation level to be used for a downlink PDCCH transmission to a
specific UE is determined. The resources for uplink ACK/NACK for the
UE are mapped utilizing an offset as shown at 804. In accordance with
a further aspect, the offset is determined based on the aggregation
to be used for the downlink PDCCH. At 806, resource assignment
messages to be transmitted in the downlink PDCCH are generated such
that they comprise the aggregation level dependent offset. At 808,
the PDCCH is transmitted to the UE thereby aiding it in accurately
decoding PDCCH. Upon receiving the PDCCH, the UE extracts information
considering the aggregation level dependent shift. 100731 Fig. 9
relates to yet another aspect wherein aggregation level dependent CRC
(Cyclic Redundancy Check) mask is used to aid in decoding PDCCH
accurately. This method can aid in the downlink PDCCH being
accurately decoded without increasing  



20 the CRC false alarm rate. This is achieved by scrambling the CRC
bits by a sequence which is determined by the aggregation level (for
example, 1, 2, 4 or 8). The CRC bits are calculated by the entire
transport block for one PDCCH. At the receiver, for each aggregation
level the UE descrambles the bits first by the aggregation level
dependent scrambling code. Subsequently it checks the CRC for one
aggregation level corresponding to the scrambling sequence thereby
ensuring that only one aggregation level passes the CRC. The method
of transmission 900 begins at 902 wherein an aggregation level
associated with a downlink PDCCH is initially determined. At 904 a
sequence corresponding to the aggregation level for the PDCCH is
generated. At 906, the CRC bits for the downlink PDCCH are scrambled
utilizing the generated sequence and the scrambled bits are
transmitted in the downlink communication as shown at 908 before
terminating at the end block. 100741 Fig. 10 relates to another
aspect associated with transmitting downlink PDCCH in a manner that
aids the UE receiving it to accurately decode the PDCCH without
increasing the CRC false alarm rate. According to this method,
aggregation level dependent scrambling codes are applied to the
PDCCH. One aspect relates to scrambling the entire transport block
and the corresponding CRC bits which are calculated based on the
entire transport block. The receiver descrambles the decoded bits
before checking the CRC. Another aspect relates to scrambling the
bits after channel coding or rate matching such that the receiver
initially descrambles the received signal before decoding.As a means
of illustration and not limitation, one design for 4CRC mask can be:
<0, 0, 0, 0, 0, 



0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0> <1, 



1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 



1, 1, 1> <0, 1, 0, 1, 0, 1, 0, I, 0, 



1, 0, 1, 0, 1, 0, 1> <1,0, 1, 0, 



1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1,0>  



100751 The method 1000 begins with identifying the aggregation level
to be used for a downlink PDCCH for a specific UE as shown at 1002.
In accordance with this aspect, if different aggregation levels are
used to transmit PDCCH for different UEs, then different scrambling
sequences corresponding to the various aggregation levels are
generated. The information to be transmitted on the downlink PDCCH
for each UE is then scrambled using the scrambling sequence
corresponding to the aggregation level  21 used for the PDCCH for
each respective HE. Accordingly, a scrambling sequence corresponding
to the aggregation level is generated as shown at 1004. The CRC bits
are then scrambled with the generated sequence as shown at 1006. As
mentioned supra, this can be achieved in two ways by either
scrambling the entire transport block and the corresponding CRC bits
calculated based on the transport block or the bits can be scrambled
after channel coding or rate matching. At 1008, the CRC bits
scrambled in accordance with the generated sequence are transmitted
in the downlink PDCCH and the method terminates at the end block.
[00761 Fig. 11 illustrates another method of transmission 1100 that
facilitates a UE to accurately decode PDCCH. The method begins at
1102 wherein the aggregation level for a downlink PDCCH for a
specific UE is determined. At 1104, bits are included in PDCCH to
indicate the aggregation level. In a more detailed aspect, two bits
can be included to indicate any one of the four aggregation levels
(1, 2, 4 or 8). PDCCH thus modified with the bits indicative of the
corresponding aggregation level is sent on the downlink to the
particular UE as shown at 1106. The receiver can initially decode the
indicator bits to identify the aggregation level on which it can
receive PDCCH. [0077] Fig. 12 illustrates another method of
transmission 1200 that facilitates the UE to accurately decode PDCCH.
The method begins at 1202 wherein a payload size for downlink PDCCH
for a specific UE is determined. At 1204, it is further determined if
the payload size is one of the ambiguous payload sizes mentioned
supra that cause confusion at the UE regarding the aggregation level
at which to decode downlink PDCCH. If the payload size does not cause
ambiguity at the receiver, the method proceeds to 1208 wherein the
packets are transmitted to the receiver. If at 1204 it is determined
that the payload size causes ambiguity at the receiver, then bits are
included in PDCCH to indicate the aggregation level as shown at 1206.
In a more detailed aspect, two bits can be included to indicate any
one of the four aggregation levels (1, 2, 4 or 8). PDCCH thus
modified with the bits indicative of the corresponding aggregation
level is sent on the downlink to the particular UE as shown at 1208.
The receiver can initially decode the indicator bits to identify the
aggregation level on which it can receive PDCCH. The aforementioned
aspects that relate to including aggregation level indicators in
downlink PDCCH can be applied for UL grants and DL power control
(Format 3/3A) to satisfy the requirement that Format 011A1313A should
have the same size.  22 [00781 In different aspects, a combination of
methodologies described herein can be used to aid the UE to
accurately decode the PDCCH. This facilitates the UE to correctly
identify resources for uplink ACKJNACK communications thereby
increasing efficiency and reducing interference within wireless
communication systems. [00791 With reference to Fig. 13, illustrated
is an example system 1300 that is configured to transmit downlink
PDCCH in a wireless communications network according to one or more



100801 System 1300 includes a logical grouping 1302 of electrical
components that can act separately or in conjunction. Logical
grouping 1302 can include means for determining that analyzes size of
the payload to be transmitted on downlink PDCCH and determines if the
size is ambiguous. For example, the size of the payload can be such
that it causes a receiving UE to decode the PDCCH on two aggregation
levels thereby creating ambiguity at the UE. Also included in logical
grouping 1302 is means for processing data packets 1306 that changes
size of payload that is determined to be ambiguous. In accordance
with different aspects, one or more bits can be included for zero
padding the payload, thereby changing its size such that it causes a
UE to decode downlink PDCCH on one aggregation level only. The system
can further include means for transmitting the zero padded data
packets 1308. [00811 In accordance with some aspects, the means for
determining 1304 can also analyze communications received from a UE
and determine if more than one ACK/NACK are received from the DIE. In
accordance with this aspect, logical grouping 1302 further includes
means for decoding all ACK/NACKs received from the IJE for all valid
aggregation levels less than or equal to the aggregation level of the
downlink PDCCH. Also included are means for analyzing attributes
associated with each of the decoded ACK/NACKs and means for selecting
a valid ACK/NACK from the plurality of ACK/NACKs based at least on
the analyzed attributes. 100821 In accordance with other aspects, the
means for determining 1304, can also determine an aggregation level
to be associated with a downlink PDCCH. Based at least on the
aggregation level an offset can be further determined such that
uplink ACK/NACK resources are mapped in downlink PDCCH utilizing the
offset. In accordance with this aspect, a means for mapping is
included in logical grouping 1302  23 such that resource assignment
messages can be created with the aggregation level dependent offset.
In this aspect the means for transmitting 1308 transmits the resource
assignment messages with the offset thereby aiding a UE receiving the
downlink PDCCH to decode the PDCCH on one aggregation level and
accurately identify uplink ACK/NACK resources. Another aspect relates
to including one or more bits in the downlink PDCCH to indicate the
aggregation level as determined by the means for determining 1304.
This aspect involves means for transmitting 1308 the aggregation
level indicator bits to respective UEs. A further aspect can involve
transmitting the aggregation level indicator bits only to UEs that
receive data packets of ambiguous payload sizes on the downlink
PDCCH. [0083] In another aspect, the grouping 1302 can also include
means for scrambling CRC bits utilizing an aggregation level
dependent sequence. In this aspect, the means for determining 1304
identifies the aggregation level corresponding to a UE specific
PDCCH. This aspect also comprises a means for generating an
aggregation level dependent sequence generator such that the CRC bits
are scrambled utilizing such a sequence. The means for transmitting
1310 transmits the scrambled CRC bits. 100841 Another aspect relates
to generating a scrambling sequence based on respective aggregation
levels associated a plurality of UEs for receiving a downlink PDCCH.
A means for encoding CRC bits to be transmitted to the plurality of
UEs utilizing the aggregation level dependent scrambling sequence is
included in the logical grouping 1302 according to this aspect.
[0085] Additionally, system 1300 can include a memory 1308 that
retains instructions for executing functions associated with



[0087] System 1400 includes a logical grouping 1402 of electrical
components that can act separately or in conjunction. Logical
grouping 1402 can include means for receiving CRC bits 1404 scrambled
with an aggregation level dependent scrambling  24 sequence. Means
for decoding 1406, also included within 1402, decodes a received
downlink PDCCH on an associated aggregation level. The aggregation
level is obtained by descrambling the CRC (Cyclic Redundancy Check)
bits received in the downlink PDCCH utilizing the aggregation level
dependent sequence. [0088] Additionally, system 1400 can include a
memory 1408 that retains instructions for executing functions
associated with electrical components 1404 and 1406, or other
components. While shown as being external to memory 1408, it is to be
understood that one or more of electrical components 1404 and 1406
can exist within memory 1308. [0089] Referring to Fig. 15, a multiple
access wireless communication system according to one embodiment is
illustrated. An access point 1500 (AP), also referred to as e-NodeB
or e-NB, includes multiple antenna groups, one including 1504 and
1506, another including 1508 and 1510, and an additional including
1512 and 1514. In Fig. 15, only two antennas are shown for each
antenna group, however, more or fewer antennas may be utilized for
each antenna group. Access terminal 1516 (AT), also referred to as
user equipment (UE), is in communication with antennas 1512 and 1514,
where antennas 1512 and 1514 transmit information to access terminal
1516 over forward link 1520 and receive information from access
terminal 1516 over reverse link 1518. Access terminal 1522 is in
communication with antennas 1506 and 1508, where antennas 1506 and
1508 transmit information to access terminal 1522 over forward link
1526 and receive information from access terminal 1522 over reverse
link 1524. In a FDD system, communication links 1528, 1520, 1524 and
1526 may use different frequency for communication. For example,
forward link 1520 may use a different frequency then that used by
reverse link 1518. [0090] Each group of antennas and/or the area in
which they are designed to communicate is often referred to as a
sector of the access point. In the embodiment, antenna groups each
are designed to communicate to access terminals in a sector, of the
areas covered by access point 1500. [00911 In communication over
forward links 1520 and 1526, the transmitting antennas of access
point 1500 utilize beamforming in order to improve the
signal-to-noise ratio of forward links for the different access
terminals 1516 and 1524. Also, an access point using beamforming to
transmit to access terminals scattered randomly through its coverage
causes less interference to access terminals in neighboring cells
than an access point transmitting through a single antenna to all its
access terminals.  



25 [0092] An access point may be a fixed station used for
communicating with the terminals and may also be referred to as an
access point, a Node B, or some other terminology. An access terminal
may also be called an access terminal, user equipment (TIE), a
wireless communication device, terminal, or some other terminology.
[0093] Fig. 16 is a block diagram of an embodiment of a transmitter
system 1610 (also known as the access point) and a receiver system
1650 (also known as access terminal) in a MIMO system 1600. At the
transmitter system 1610, traffic data for a number of data streams is
provided from a data source 1612 to a transmit (TX) data processor
1614. [0094] In an embodiment, each data stream is transmitted over a
respective transmit antenna. TX data processor 1614 formats, codes,
and interleaves the traffic data for each data stream based on a
particular coding scheme selected for that data stream to provide
coded data. [0095] The coded data for each data stream may be
multiplexed with pilot data using OFDM teclmiques. The pilot data is
typically a known data pattern that is processed in a known manner
and may be used at the receiver system to estimate the channel
response. The multiplexed pilot and coded data for each data stream
is then modulated (Le., symbol mapped) based on a particular
modulation scheme (e.g., BPSK, QSPK, MPSK, or M-QAM) selected for
that data stream to provide modulation symbols. The data rate,
coding, and modulation for each data stream may be determined by
instructions performed by processor 1630 in conjunction with memory
1632. [0096] The modulation symbols for all data streams are then
provided to a TX MIMO processor 1620, which may further process the
modulation symbols (e.g., for OFDM). TX MIMO processor 1620 then
provides NT modulation symbol streams to NT transmitters (TMTR) 1622a
through 1622t. In certain embodiments, TX MIMO processor 1620 applies
beamforming weights to the symbols of the data streams and to the
antenna from which the symbol is being transmitted. [0097] Each
transmitter 1622 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g.,
amplifies, filters, and upconverts) the analog signals to provide a
modulated signal suitable for transmission over the MIMO channel. NT
modulated signals from transmitters 1622a through 1622t are then
transmitted from NT antennas 1624a through 1624t, respectively.  26
[0098] At receiver system 1650, the transmitted modulated signals are
received by NR antennas 1652a through 1652r and the received signal
from each antenna 1652 is provided to a respective receiver (RCVR)
1654a through 1654r. Each receiver 1654 conditions (e.g., filters,
amplifies, and downconverts) a respective received signal, digitizes
the conditioned signal to provide samples, and further processes the
samples to provide a corresponding "received" symbol stream. 



[0099] An RX data processor 1660 then receives and processes the NR
received symbol streams from NR receivers 1654 based on a particular
receiver processing technique to provide NT "detected" symbol
streams. The RX data processor 1660 then demodulates, deinterleaves,
and decodes each detected symbol stream to recover the traffic data
for the data stream. The processing by RX data processor 1660 is
complementary to that performed by TX MIMO processor 1620 and TX data
processor 1614 at transmitter system 1610. [00100[A processor 1670
periodically determines which pre-coding matrix to use (discussed
below). Processor 1670 formulates a reverse link message comprising a
matrix index portion and a rank value portion. [00101] The reverse
link message may comprise various types of information regarding the
communication link and/or the received data stream stored in memory
1672. The reverse link message is then processed by a TX data
processor 1658, which also receives traffic data for a number of data
streams from a data source 1656, modulated by a modulator 1680,
conditioned by transmitters 1654a through 1654r, and transmitted back
to transmitter system 1610. [00102]At transmitter system 1610, the
modulated signals from receiver system 1650 are received by antennas
1624, conditioned by receivers 1622, demodulated by a demodulator
1640, and processed by a RX data processor 1642 to extract the
reserve link message transmitted by the receiver system 1650.
Processor 1630 then determines which pre-coding matrix to use for
determining the beamforming weights then processes the extracted
message. [00103] The various illustrative logics, logical blocks,
modules, and circuits described in connection with the embodiments
disclosed 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  27 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, a plurality of
microprocessors, one or more microprocessors in conjunction with a
DSP core, or any other such configuration. Additionally, at least one
processor may comprise one or more modules operable to perform one or
more of the steps and/or actions described above. [00104] Further,
the steps and/or actions of a method or algorithm described in
connection with the aspects disclosed herein may be embodied directly
in hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM memory, registers, a
hard disk, a removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium may be coupled
to the processor, such that the processor can read information from,
and write information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. Further, in some
aspects, the processor and the storage medium may reside in an ASIC.
Additionally, the ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside as
discrete components in a user terminal. Additionally, in some



28 other medium that can be used to carry or store desired program
code in the form of instructions or data structures and that can be
accessed by a computer. Also, any connection may be termed a
computer-readable medium. For example, if 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, includes
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 usually reproduce data optically with
lasers. Combinations of the above should also be included within the
scope of computer-readable media. 100106] While the foregoing
disclosure discusses illustrative aspects and/or embodiments, it
should be noted that various changes and modifications could be made
herein without departing from the scope of the described aspects
and/or embodiments as defined by the appended claims. Furthermore,
although elements of the described aspects and/or embodiments may be
described or claimed in the singular, the plural is contemplated
unless limitation to the singular is explicitly stated. Additionally,
all or a portion of any aspect and/or embodiment may be utilized with
all or a portion of any other aspect and/or embodiment, unless stated
otherwise.  29 Claims 1. A method of transmission that facilitates
accurate decoding of PDCCH by a UE (104) comprising: determining an
aggregation level for downlink PDCCH for the UE; characterized by 



determining if payload size of a payload for the PDCCH is ambiguous,
wherein an ambiguous payload size causes a UE to decode the downlink
PDCCH on more than one aggregation level; changing the payload size
by zero-padding data packets for the downlink PDCCH with one or more
bits for the ambiguous payload size; and transmitting the payload
with the zero padded data packets. 2. The method of claim 1, wherein
the number of bits for zero padding is based at least on the payload
size. 3. The method of claim 1, wherein the payload size n is
ambiguous if n = mi1(*24, where k, mare integers, m represents the
number of CCEs (Control Channel Elements) and k represents number of
repetitions of a coded block. 4. The method of claim 3 wherein m is
less than 8 and x is maximum coding rate, 0<)(5.1 such that n is less
than (8- m )*36*2*x. 5. A processor configured to facilitate accurate
decoding of PDCCH by a UE, the processor comprising: a zeroth module
for determining an aggregation level for downlink PDCCH for the UE;
characterized by a first module for determining if payload size of a
payload for the PDCCH is ambiguous, wherein an ambiguous payload size
causes the UE to decode the downlink PDCCH on more than one
aggregation level; and a second module for changing the payload size
by zero-padding data packets for the downlink PDCCH with one or more
bits for the ambiguous payload size and transmitting the payload with
the zero payload data pockets. 



6. The processor of claim 5, wherein the second module determines the
number of bits for zero padding based at least on the payload size.
7. The processor of claim 5, wherein the first module identifies the
payload size n as ambiguous if n = inik*24, where k, m are integers,
m represents the number of CCEs and k represents number of
repetitions of a coded block 8. The processor of claim 7, the first
module further identifies n as ambiguous if m is less than 8 and n is
less than 72* (8-m)*x wherein xis maximum coding rate and value of x
lies between zero and one.  30 9. A computer program product adapted
to execute a method of transmission that facilitates accurate
decoding of PDCCH by a UE, comprising: a computer-readable medium
comprising: a zeroth set of codes for determining an aggregation
level for downlink PDCCH for the UE; characterized by a first set of
codes for causing a computer to determine if payload size of a
payload for downlink PDCCH is ambiguous, wherein an ambiguous payload
size causes a UE to decode the downlink PDCCH on more than one
aggregation level; and a second set of codesfor causing the computer
to include one or more bits in the data packets that correspond to
the ambiguous payload size for zero padding and to transmit the
payload with the zero padded data packets. 10. The computer program
product of claim 9, further comprising a third set of codes that
determine a number of bits to be included into the data packets for
zero padding based at least on the payload size. 



11. The computer program product of claim 9, wherein the first set of
codes determines that the payload size (n) is ambiguous if n =
61(124, where k, m are integers, m represents the number of CCEs and
k represents number of repetitions of a coded block. 12. The computer
program product of claim 11, wherein the first set of codes
determines that the payload size (n) is ambiguous if m is less than 8
and n is less than 72*(8-m)*x wherein x is maximum coding rate and
0<xcl. 13. An apparatus for facilitating accurate decoding of PDCCH
by a UE, comprising: means (1304) for determining an aggregation
level for downlink PDCCH for the UE; means (1304) for determining
payload size of a payload for the PDCCH; characterized by means
(1306) for processing data packets for the downlink PDCCH by
including one or more bits for the ambiguous payload sizes, wherein
an ambiguous payload size causes a UE to decode the downlink PDCCH on
more than one aggregation level; and means (1308) for transmitting
the payload with the zero padded data packets. 14. A wireless
communication apparatus, comprising: a memory that stores
instructions for performing a method of any of the claims 1 to 4; and
a processor, coupled to the memory, configured to execute the
instructions stored in the memory. 


