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through validation of acknowledgment message detection by re-decoding. A transmitter sends a data packet from a sequence of

packets In one or more data transmissions. A receiver acknowledges the data packet upon obtaining sufficient transmissions to
decode the packet. The recelver re-decodes a successive data transmission in combination with previously received transmissions

to validate If the transmitter detected the acknowledgment.
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DETECTION VALIDATION OF A H-ARQ ACKNOWLEDGMENT BY DATA
- COMBINING AND RE-DECODING -

BACKGROUND
1L Field

[0002] ~ The following description relates generally to communications systems

and more particularly to validating transmissions between a transmitter and a receiver

by re-décoding transmissions.

11. Background

[0003] Wireless communication systems are widely deployed to prov1de various
types of communication content such as, for example, voice, data, and so on. Typlcal
wireless communication systems may be multiple-access systems capable of supportmg
communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems may
include code division multiple access (CDMA) systems, time divi.sion multiple access

(TDMA) systems, frequency division multiple access (FDMA) s&stems, orthogonal
trequency division multiple access (OFDMA) systems, and the like.

0004} Generally, wireless multiple-access communication systems may
simultaneously support communication for multiple mobile devices. Each mobile
device may communicate with one or more base stations vi’é transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the
communication link from mobile devices to base stations. Further, communications

between mobile devices and base stations may be established via single-input single-



CA 02679478 2009-08-27
WO 2008/116121 PCT/US2008/057755

output (SISO) systems, multiple-input single-output (MISO) systems, multiple-input
multiple-output (MIMO) systems, and so forth.

[0005] MIMO systems commonly employ multiple (V7) transmit antennas and
multiple (V) receive antennas for data transmission. A MIMO channel formed by the

Nr transmit and N receive antennas may be decomposed into Ng independent channels,

which may be referred to as spatial channels, where N < {N s IN } Each of the Ng

independent channels corresponds to a dimension. Moreover, MIMO systems may
provide improved performance (e.g., increased spectral efficiency, higher throughput
and/or greater reliability) if the additional dimensionalities created by the multiple
transmit and received antennas are utilized.

[0006] MIMO systems may support various duplexing techniques to divide
forward and reverse link communications over a common physical medium. For
instance, frequency division duplex (FDD) systems may utilize disparate frequency
regions for forward and reverse link communications. Further, in time division duplex
(TDD) systems, forward and reverse link communications may employ a common
frequency region. However, conventional techniques may provide limited or no
feedback related to channel information.

[0007] Sending and recerving mformation 18 at the core of the communications
industry. Recent increases in media content and applications have created high demand
for efficiency and reliability in transmitting and receiving data. Hybrid automatic repeat
request (H-ARQ) protocol 1s one mechanism for transmitting data that has been
somewhat effective; however, there are obstacles to truly efficient and seamless
transmission. Early solutions relied on power-hungry or highly complex routines which
simply re-allocate resources (such as computational time and power) rather than solving
the underlying problem.

[0008] H-ARQ and ACK protocols have furthered data transmissions, but there
arc shortcomings. The receiver sends an acknowledgment (ACK) to the transmitter to
signal receipt of the data. Upon receiving the ACK, the transmitter begins transmission
of the next data packet. This process continues until all data packets are transmitted and
recerved. Under ideal conditions, the ACK 1s always received promptly by the
transmitter, and there 18 little loss 1n throughput. However, 1deal conditions rarely, 1f
ever, exist. Frequently, the ACK 1s not received by the transmitter resulting 1n latency

as the transmitter continues to send transmissions that have already been successfully
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recerved by the receiver. Worse, the transmitter can be instructed by a scheduler to
suspend or postpone the data packet transmission when there 18 no substantial need to

take such drastic measures.

SUMMARY
[0009] The following presents a simplified summary of one or more
embodiments 1n order to provide a basic understanding of such embodiments. This
summary 18 not an extensive overview of all contemplated embodiments, and 1s
intended to neither 1dentify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose 18 to present some concepts of one or
more embodiments 1n a simplified form as a prelude to the more detailed description
that 1s presented later.
[0010] According to an aspect, a method for receiving a sequence of data
packets 1s described herein. The method can comprise receiving a data transmission
corresponding to a data packet from the sequence of data packets. In addition, the
method can include combining the data transmission with one or more previously
recerved data transmissions. The method can also comprise re-decoding the resultant
combination.
[0011] Another aspect relates to a wireless communications apparatus that can
comprise a memory that retains instructions related to receiving a data transmission
corresponding to a data packet from the sequence of data packets, combining the data
transmission with one or more previously received data transmissions and re-decoding
the resultant combination. The wireless communications apparatus can also include a
processor coupled to the memory, configured to execute the instructions retained in the
memory.
[0012] Yt another aspect relates to a wireless communications apparatus that
facilitates recerving a sequence of packets. The apparatus can include means for
receiving a data transmission corresponding to a data packet from the sequence of data
packets. In addition, the apparatus can include means for combining the data
transmission with one or more previously received data transmissions. The apparatus
can further comprise means for re-decoding the resultant combination.
[0013] Still another aspect relates to a machine-readable medium having stored

thereon machine-executable instructions for recerving a data transmission corresponding
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to a data packet from the sequence of data packets. The machine-readable medium
can further comprise instructions for combining the data transmission with one or
more previously received data fransmissions. In addition, the machine-readable

medium can include instructions for re-decoding the resultant combination.

[0014] According to another aspect, in a wireless communications system, an
apparatus can comprise an integrated circuit. The integrated circuit can be configured
to receive a data transmission corresponding to a data packet from the sequence of
data packets. The integrated circuit can further be configured to combine the data
transmission with one or more previously received data transmissions. In addition,

the integrated circuit can be configured to re-decode the resuitant combination.

[0014a] According to one aspect of the present invention, there is provided a
method for communications, comprising: decoding one or more previously received
data transmissions comprising one or more previous data packets; receiving a data
transmission comprising a data packet from a sequence of data packets; combining
the data transmission with the previously received data transmissions; and re-
decoding the resultant combination, even if the previously recelved data

transmissions were already successfully decoded.

[0014b] According to another aspect of the present invention, there is provided
an apparatus adapted for communications, comprising: a memory that retains
instructions related to decoding one or more previously received data transmissions
comprising one or more previous data packets, receiving a data transmission
comprising a data packet from a sequence of data packets, combining the data
transmission with the previously received data transmissions and re-decoding the
resultant combination, even if the previously received data transmissions were

already successfully decoded; and a processor coupled to the memory, configured to

execute the instructions retained in the memory.
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[0014c] According to still another aspect of the present invention, there is
provided an apparatus adapted for communications, comprising: means for decoding
one or more previously received data transmissions comprising one or more previous
data packets; means for receiving a data transmission ‘compr'ising a data packet from
a sequence of data packets; means for combining the data transmission with the
previously received data transmissions; and means for re-decoding the resultant

combination, even if the previously received data transmissions were already
successfully decoded.

[0014d] According to yet another aspect of the present invention, there is
provided a machine-readable medium having stored thereon machine-executable
instructions that when executed by a processor, cause the processor to perform a
method, the method comprising: decoding one or more previously received data
transmissions comprising one or more previous data packets; receiving a data
transmission comprising a data packet from a sequence of data packets; combining
the data transmission with the previously received data transmissions; and re-
decoding the resuitant combination, even if the previously received data

transmissions were already successfully decoded.

[0014e)] According to a further aspect of the present invention, there is provided
an apparatus, comprising: an integrated circuit configured to: decode one or more
previously received data transmissions comprising one or more previous data
packets; receive a data transmission comprising a data packet from a sequence of
data packets; combine the data transmission with the previously received data
transmissions: and re-decode the resultant combination, even if the previously

received data transmissions were already successfully decoded.

[0014f] According to yet a further aspect of the present invention, there Is
orovided an apparatus adapted for communications, comprising: a memory that
retains instructions related to: receiving a data transmission corresponding to a data

nacket from a sequence of data packets; if the data transmission is successfully

decoded, sending an acknowledgment message to a transmitter; receiving a next
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data transmission corresponding to a data packet from the sequence of data packets;
combining the next data transmission with one or more previously received data
transmissions; re-decoding the resultant combination to determine whether the next
data transmission corresponds to a last decoded data packet; if the resultant
combination is successfully re-decoded, sending a repeat acknowledgment message
to the transmitter; and if the resultant combination is not successfully re-decoded,
assigning the next data transmission to a subsequent data packet from the sequence
of data packets; and a processor coupled to the memory, configured to execute the

iInstructions retained in the memory.

[00149] According to still a further aspect of the present invention, there is
provided a method for communications, comprising: receiving a data transmission
corresponding to a data packet from a sequence of data packets; if the data
transmission Is successfully decoded, sending an acknowledgment message to a
transmitter; receiving a next data transmission corresponding to a data packet from
the sequence of data packets; combining the next data transmission with one or more
previously received data transmissions; re-decoding the resultant combination to
determine whether the next data transmission corresponds to a last decoded data
packet; if the resultant combination is successfully re-decoded, sending a repeat
acknowledgment message to the transmitter; and if the resultant combination is not
successfully re-decoded, assigning the next data transmission to a subsequent data

packet from the sequence of data packets.

[0014h] According to another aspect of the preseht invention, there is provided
a machine-readable medium having stored thereon machine-executable instructions
that when executed by a processor, cause the processor to perform a method, the
method comprising: receiving a data transmission corresponding to a data packet
from a sequence of data packets; if the data transmission is successfully decoded,
sending an acknowledgment message to a transmitter; receiving a next data
transmission corresponding to a data packet from the éequence of data packets;
combining the next data transmission with one or more previously received data

transmissions: re-decoding the resultant combination to determine whether the next
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data transmission corresponds to a last decoded data packet; if the resuitant

combination is successfully re-decoded, sending a repeat acknowledgment message
to the transmitter; and if the resultant combination is not successfully re-decoded,

assigning the next data transmission to a subsequent data packet from the sequence

of data packets.

[0014i] According to yet another aspect of the present invention, there is
provided an apparatus adapted for communications, comprising: means for receiving
a data transmission corresponding to a data packet from a sequence of data packets;
means for sending an acknowledgment message to a transmitter if the data
transmission is successfully decoded; means for receiving a next data transmission
corresponding to a data packet from the sequence of data packets; means for

combining the next data transmission with one or more previously received data

transmissions; means for re-decoding the resultant combination to determine whether
the next data transmission corresponds to a last decoded data packet; means for
sending a repeat acknowledgement message to the transmitter if the resultant
combination is successfully re-decoded; and means for assigning the next data
transmission to a subsequent data packet from the sequence of data packets if the

resultant combination is not successfully re-decoded.

[0014)] According to a further aspect of the present invention, there is provided

an apparatus adapted for communications, comprising: an integrated circuit
configured to: receive a data transmission corresponding to a data packet from a
sequence of data packets; if the data transmission is successfully decoded, send an
acknowledgment message to a transmitter; receive a next data transmission

corresponding to a data packet from the sequence of data packets; combine the next

data transmission with one or more previously received data transmissions; re-
decode the resultant combination to determine whether the next data transmission
corresponds to a last decoded data packet; if the resultant combination is

successfully re-decoded, send a repeat acknowledgment message 1o the transmitter;
and if the resultant combination is not successfully re-decoded, assign the next data

transmission to a subsequent data packet from the sequence of data packets.
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[0015] ‘To the accomplishment of the foregoing and related ends, the one or

more embodiments 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 aspects of the one or more embodiments. These

aspects are indicative, however, of but a few of the various ways in which the

principles of various embodiments may be employed and the described embodiments

are intended to include all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is an illustration of a wireless communication system in

accordance with various aspects set forth herein.

[0017] FIG. 2 is an illustration of an example communications apparatus for
employment in a wireless communications system according to an aspect of the

subject disclosure.

[0018] FIG. 3 is an illustration of an example receiver employable in a wireless

communications system according to an aspect of the subject disclosure.

[0019] FIG. 4 is an illustration of an example methodology that facilitates
acknowledgment detection validation by re-decoding in accordance with an aspect of

the subject disclosure.

[0020] FIG. 5 is an illustration of an example validation scheme according to

an aspect of the subject disclosure.

[0021] FIG. 6 is an illustration of an example methodology that facilitates

validation by re-decoding in accordance with an aspect of the subject disclosure.
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[0022] FIG. 7 1s an illustration of an example validation scheme according to an
aspect of the subject disclosure.

[0023] FIG. 8 is an 1illustration of an example methodology that facilitates
validation by re-decoding in accordance with an aspect of the subject disclosure.

[0024] FIG. 9 1s an 1llustration of an example mobile device that facilitates
validating acknowledgment detection by re-decoding.

[0025] FIG. 10 1s an illustration of an example system that facilitates validation
by re-decoding.

[0026] FIG. 11 1s an illustration of an example wireless network environment
that can be employed 1n conjunction with the various systems and methods described
herein.

[0027] FIG. 12 1s an illustration of an example system that facilitates validating
acknowledgment detection by re-decoding.

[0028] FIG. 13 1s an illustration of an example system configured to provide

reliable receipt of data packets.

DETAILED DESCRIPTION
[0029] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth 1n order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown 1n block

diagram form 1n order to facilitate describing one or more embodiments.

2% &6 2% &6

[0030] As used 1n this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software 1n execution.
For example, a component may be, but 1s not limited to being, a process running on a
pProcessor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of 1llustration, 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
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components can execute from various computer readable media having various data
structures stored therecon. The components may communicate by way of local and/or
remote processes such as 1in accordance with a signal having one or more data packets
(e.g., data from onec component interacting with another component 1n a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal).

[0031] Furthermore, various embodiments are described herein 1n connection
with a mobile device. A mobile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station, remote terminal, access
terminal, user terminal, terminal, wireless communication device, user agent, user
device, or user equipment (UE). A mobile device may be a cellular telephone, a
cordless telephone handset, a Session Initiation Protocol (SIP) phone, a wireless local
loop (WLL) station, a personal digital assistant (PDA), smart phones, MP3 players,
digital cameras, a handheld device having wireless connection capability, computing
device, or other processing device connected to a wireless modem. It 1s to be
appreciated that aspects described herein are not limited to devices with mobility. For
example, stationary UE or fixed wireless UE can be employed. Moreover, various
embodiments are described herein 1n connection with a base station. A base station may
be utilized for communicating with mobile device(s) and may also be referred to as an
access point, Node B, or some other terminology.

[0032] Moreover, various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein 1s intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), etc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, erc.).
Additionally, various storage media described herein can represent one or more devices
and/or other machine-readable media for storing information. The term “machine-
readable medium” can include, without being limited to, wireless channels and various

other media capable of storing, containing, and/or carrying mstruction(s) and/or data.
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10033] Referring now to Fig. 1, a wireless communication system 100 1s
illustrated m accordance with various embodiments presented herein. System 100
comprises a base station 102 that may include multiple antenna groups. For example,
on¢ antenna group may include antennas 104 and 106, another group may comprise
antennas 108 and 110, and an additional group may include antennas 112 and 114. Two
antennas are 1llustrated for each antenna group; however, more or fewer antennas may
be utilized for each group. Base station 102 may additionally include a transmitter
chain and a receiver chain, each of which can in turn comprise a plurality of
components associated with signal transmission and reception (e.g., processors,
modulators, multiplexers, demodulators, demultiplexers, antennas, etc.), as will be
appreciated by one skilled 1n the art.

[0034] Base station 102 may communicate with one or more mobile devices
such as mobile device 116 and mobile device 122; however, 1t 18 to be appreciated that
base station 102 may communicate with substantially any number of mobile devices
similar to mobile devices 116 and 122. Mobile devices 116 and 122 can be, for
example, cellular phones, smart phones, laptops, handheld communication devices,
handheld computing devices, satellite radios, global positioning systems, PDAs, and/or
any other suitable device for communicating over wireless communication system 100.
As depicted, mobile device 116 1s in communication with antennas 112 and 114, where
antennas 112 and 114 transmit information to mobile device 116 over a forward link
118 and recerve information from mobile device 116 over a reverse link 120.
Moreover, mobile device 122 18 in communication with antennas 104 and 106, where
antennas 104 and 106 transmit information to mobile device 122 over a forward link
124 and recerve information from mobile device 122 over a reverse link 126. In a
frequency division duplex (FDD) system, forward link 118 may utilize a different
frequency band than that used by reverse link 120, and forward link 124 may employ a
different frequency band than that employed by reverse link 126, for example. Further,
in a time division duplex (TDD) system, forward link 118 and reverse link 120 may
utilize a common frequency band and forward link 124 and reverse link 126 may utilize
a common frequency band.

[0035] The set of antennas and/or the arca in which they are designated to
communicate may be referred to as a sector of base station 102. For example, multiple

antennas may be designed to communicate to mobile devices 1n a sector of the arcas
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covered by base station 102. In communication over forward links 118 and 124, the
transmitting antennas of base station 102 may utilize beamforming to improve signal-to-
noise ratio of forward links 118 and 124 for mobile devices 116 and 122. Also, while
base station 102 utilizes beamforming to transmit to mobile devices 116 and 122
scattered randomly through an associated coverage, mobile devices in neighboring cells
may be subject to less interference as compared to a base station transmitting through a
single antenna to all its mobile devices.

[0036] According to an example, system 100 may be a multiple-input multiple-
output (MIMO) communication system. Further, system 100 may utilize any type of
duplexing such as FDD, TDD, efc. Pursuant to an 1illustration, base station 102 may
transmit over forward links 118 and 124 to mobile devices 116 and 122. Moreover,
mobile devices 116 and 122 may estimate respective forward link or downlink channels
and generate corresponding feedback that may be provided to base station 102 via
reverse links or uplinks 120 and 126. In addition, base station 102 may transmit data to
mobile device 116 and 122 over forward links 118 and 124 respectively 1n a plurality of
data packets. It 1s to be appreciated that mobile devices 116 and 122 can transmit data
to base station 102 via reverse links 120 and 126 respectively 1n a plurality of data
packets.

[0037] In packet transmission schemes, the transmitter (e.g., base station 102
and/or mobile devices 116 and 122) can segment a data stream nto a series of data
packets transmitted 1n turn. A hybrid automatic repeat request (H-ARQ) protocol can
be employed to improve reliability of a transmission of data packets. In an example H-
ARQ error control method, a recerver (e.g., base station 102 and/or mobile devices 116
and 122) that successfully decodes a received data packet signals the transmitter by
sending an acknowledgment (ACK) message. The transmitter continues to transmit or
retransmit a particular data packet in a series until an ACK 1s detected. In an
embodiment, a maximum number of retries can be specified. If the transmitter fails to
detect an ACK, synchronization is lost between the transmitter and the recerver resulting
in throughput loss. In the case of data transmission from base station 102 to mobile
devices 116 and 122 over the forward links 118 and 124, the mobile devices 116 and
122 can validate ACK detection by the base station 102 by re-decoding. The mobile
devices 116 and 122 can receive data packet transmission from the base station 102 and

combine successive transmissions until a successful decode 1s obtained. Upon
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successful decode, the mobile devices 116 and 122 signal the base station 102 with an
ACK message. The mobile devices can validate ACK detection by re-decoding a
subsequently received data packet transmission in combination with some or all
previously recerved transmissions. A successful re-decode can indicate that the ACK
message was not detected and should be sent again. A failed re-decode can indicate the
ACK message was detected and the current data transmission received 1s for the next
packet 1n the plurality of packets comprising the data transmission. For example, a
successful decode can occur at after the third packet retransmission. In this illustrative
instance, three transmissions of a data packet provide sufficient information or
redundancy for correct decoding. If re-decoding 1s successful with the fourth
transmission in combination with the previous transmission, an ACK message can be
sent again as the previous message may not have been detected. However, 1f re-
decoding fails, the fourth transmission can be a subsequent data packet in the series. It
1S to be appreciated that base station 102 can employ similar mechanisms in receiving
transmissions from mobile devices 116 and 122 via reverse links 120 and 126. In
addition, to reduce loss of throughput, transmissions received after a successful decode
can be normally decoded as 1f the transmission correlate to the next data packet in a
sequence. This normal decoding process can occur 1n parallel or concurrently with the
re-decoding.

[0038] Turning now to Fig. 2, 1llustrated 1s a communications apparatus 200 for
employment 1n a wireless communications environment. Communications apparatus
200 can be a base station or a portion thercof. In addition, communications apparatus
200 can be a mobile device or a portion thercof. Communications apparatus 200
includes a receiver 202 that obtains data transmissions from a transmitter (not shown).
The data transmissions can comprise a series of data packets. The receiver 202 can
employ H-ARQ mechanisms to improve transmission reliability and receiver-
transmitter synchronization. For example, the receiver 202 can obtain a data
transmission from a transmitter and, upon successful receipt and decoding, send an
acknowledgment (ACK) back to the transmitter. The acknowledgment indicates to the
transmitter that the data transmission has been successfully received and processed such
that the transmitter can commence transmission of a next data packet of a data stream.
However, the transmitter does not always detect the acknowledgment which results 1n

the transmitter sending redundant information. Synchronization between the receiver
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202 and the transmuitter 1s lost 1n this situation since the transmitter retransmits a
redundant packet while the receiver 202 expects the next packet of the data stream.
Accordingly, throughput of the communications system 1s also negatively affected.
[0039] Despite imperfect information regarding receipt of the acknowledgment
message, communications apparatus 200 can continue to receive and decode
transmissions from a transmitter. Once a data packet, recerved by communications
apparatus 200, 1s successtully decoded, subsequent packet transmissions can be
validated by re-decoding the subsequent transmission in combination with some or all
previously recerved transmissions. In addition, the subsequent transmission can be
decoded normally as if corresponding to a next data packet of the data stream. The
normal decode can occur in parallel with the re-decoding. Following a first successful
decoding, 1f the latest transmission successtully decodes in combination with the
previously recerved transmissions, the latest transmission corresponds to a data packet
that has already been successfully received and decoded. A successful re-decode
indicates that the transmitter did not detect the acknowledgment and 1t needs to be sent
again. If decoding of the latest transmission in combination with previously received
transmissions fails, the latest transmission corresponds to a next data packet in a series
of data packets comprising the data stream. Thus, 1t can be validated that the
acknowledgment was successfully detected by the transmitter. This decode, re-decode
and validation process can repeat on each successive data packet until all packets of a
stream are recerved and decoded.

[0040] Communications apparatus 200 includes the recerver 202 that obtains
data transmission and/or data packets from a transmitter (not shown). In addition,
communications apparatus 200 includes a decoder 204 that attempts to decode obtained
data transmissions and/or data packets to recover traffic data of a data stream from the
coded, modulated and/or interleaved symbols of the transmission. Several
retransmissions of a particular data packet can be required before a successful decode
can occur. For example, errors can be mtroduced in a transmission due to channel
conditions, power constraints, interference levels, or the like, such that the packet
cannot be decoded. Retransmissions of a particular packet provide decoder 204 with
sufficient information to successfully recover the traffic data associated with the data
packet. Communications apparatus 200 includes a buffer 206 that facilitates retaining

previous transmission for combination with newly obtained packets. Upon a successtul
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decode, communications apparatus 200 can send an acknowledgment to the transmitter.
The buffer 206 retains the previous data packet transmissions to validate
acknowledgment detection. The receiver 202 can collect a data packet transmission
from the transmitter after the successful decode. The newly obtained data packet can be
retained by buffer 206 along with the previously obtained packets also stored. The
decoder 204 can re-decode the newly obtained data packet in combination with some or
all the previously received packets. Moreover, the buffer 206 can retain the newly
obtained data packet such that decoder 204 can normally decode the packet in parallel
with re-decoding the combination to reduce loss in throughput. A successful re-decode
indicates that the transmitter did not detect the acknowledgment sent by
communications apparatus 200. A failed re-decode by decoder 204 indicates that the
newly obtained data packet 1s a packet subsequent to the last decoded packet in a series
of packets making up the data stream.

[0041] Morecover, although not shown, 1t 1s to be appreciated that
communications apparatus 200 may include memory that retains instructions with
respect to recerving data packet transmissions, combining data packet transmissions,
decoding data transmissions, sending acknowledgment messages, and the like. Further
the memory can retain previously recerved data packets for combination prior to
decoding. Further, communications apparatus 200 may include a processor that may be
utilized 1n connection with executing instructions (e.g., instructions retained within
memory, instructions obtained from a disparate source, ...).

[0042] Fig. 3 illustrates an example recerver system 300 employable 1n a
wireless communications system. System 300 can obtain data symbols and pilot
symbols. A demodulator 302 collects data symbols and demodulates the symbols to
facilitate additional processing. In addition, system 300 includes a channel estimator
304 that obtains pilot symbols from a pilot channel. The channel estimator 304 utilizes
pilot symbols to generate an estimate of channel response. The demodulator 302
processes the data symbols to reproduce the coded data mapped to symbols by a
transmitter and/or modulator. The demodulator 302 can demodulate based upon a
particular modulation scheme (e.g., BPSK, QSPK, M-PSK (phase shift keying), M-
QAM (quadrature amplitude modulation) wherein M can be any integer value, for
example M=2, ¢tc.) selected for transmission of a data stream corresponding to the data

symbols. Demodulator 302 provides demodulated data packets to log —likelihood ratio
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(LLR) 306. LLR 306 employs a logarithmic of the ratio of the likelihood (e.g,
probability) of a recerved bit being one versus being zero. A ratio equal to zero means
the received bit 1s equally likely to be a one or zero bit (e.g., uncertain what bit was
sent). The further away from zero the log ratio becomes, the higher the level of
confidence in knowing what bit value was sent. In a H-ARQ scheme, the log-likelihood
ratio of cach H-ARQ retransmission 1s combined to get improved decode reliability.
LLR 306 1s associated with buffers 308 and 310. After demodulator 302 forwards a
demodulated packet to LLR 306, the LLR 306 stores the packet in either buffer 308 or
buffer 310. In an embodiment, the LLR 306 stores the packet in combination with the
contents of the other buffer. For example, LLR can store a newly obtained packet in
buffer 308 combined with the packets retained by buffer 310. The data packet contents
of either bufter 308 or buffer 310 can be provided to a decoder 314 via a multiplexer
312. Decoder 314 attempts to decode buffter contents to recover traffic data of a data
stream from the coded data packets. The buffer contents are retained until a first
successful decoding. If decoding 1s successtul, the buffer contents are retained for
validation by re-decoding. In addition, receiver system 300 transmits an
acknowledgment signal to the originator of the data symbols. A packet obtained
subsequent to a successful decode and demodulated by demodulator 302 1s stored in
buffers 308 and/or 310 in combination with previously received packets. Decoder 314
attempts to re-decode the subsequent packet in combination with the previously retained

transmissions. A successful re-decode indicates that the data packet transmitter on the other

end of the communication link did not detect the acknowledgment sent by the transmitter on the
data packet recerver system 300. If system 300 1s employed on a mobile device, the base-station
did not detect the acknowledgment sent by the transmitter on the mobile device. On the other

hand, 1f system 300 1s employed a base-station, the mobile device did not detect the

acknowledgment sent by the transmitter on the base-station. A failed re-decode by decoder
314 indicates that the subsequent packet 1s a new packet 1in a series of packets making
up the data stream. Thus, the acknowledgement sent by the transmitter associated with
recerver system 300 has been correctly received by a transmitter on the other end of a
communications link with recerver system 300.

[0043] In addition, the packet obtained subsequent to the successtul decode and
stored in buffers 308 and/or 310 can be retained separately from previously recerved

transmissions. Decoder 314 can decode the subsequent transmission separately as if
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corresponding to a new data packet. The decode can be concurrent with re-decoding the
subsequent transmission 1n combination with previously received transmissions.
Receiver system 300 includes a controller 316 that provides logical control of LLR 306,
multiplexer 312 and decoder 314 to facilitate receipt, decode and validation by re-
decoding.

[0044] Referring to Figs. 4, §, 7, and 9, 1llustrated are methodologies relating to
facilitating enhanced data transmission and reception of a transmitter and a recerver
despite imperfect conditions there between. While, for purposes of simplicity of
explanation, the methodologies are shown and described as a series of acts, it 1S to be
understood and appreciated that the methodologies are not limited by the order of acts,
as some acts may, in accordance with one or more embodiments, occur 1n different
orders and/or concurrently with other acts from that shown and described herein. For
example, those skilled in the art will understand and appreciate that a methodology
could alternatively be represented as a series of interrelated states or events, such as 1n a
state diagram. Morcover, not all illustrated acts may be required to implement a
methodology 1n accordance with one or more embodiments.

[0045] Turning now to Fig. 4, 1llustrated 1s a methodology 400 that facilitates
reliably recerving a data transmission. Method 400 can be employed, among other
things, to validate that an acknowledgment message has been detected by a transmutter.
In an embodiment, method 400 can be implemented on a mobile device and/or a base
station 1n a wireless communications system. At reference numeral 402, a successful
decode occurs. It can take one or more transmission of a data packet before sufficient
redundancy 1s obtained to enable a first successtul decoding. At reference numeral 402,
a next data transmission 1s recerved. The data transmission can correspond to at least
on¢ packet from a plurality of data packets 1n a series that comprises a data stream. In
addition, the data transmission can be a retransmission of a previously sent packet. The
next data packet 1s retained for re-decoding to validate acknowledgment signal
detection. In addition, the transmission 1s forwarded to a normal decoding cycle A to
prevent loss of throughput. The normal decoding cycle A 1s described 1n detail below
with reference to Fig. 5. At reference numeral 406, the obtained data transmission 1s
combined with previously received transmissions. For example, the data packet can be
a first data packet subsequent to a successful decode and signaling of an

acknowledgment. As 1t can require several transmissions or encoded segments to
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provide sufficient redundancy for a successful decode, one or more transmissions of the
data packet can persist. The one or more copies can be combined with the first data
packet to facilitate validation of acknowledgment detection. At reference numeral 408,
a re-decode 18 attempted on the combined transmissions. At 410, a determination 18
made as to whether the re-decode 18 successtul. If the re-decode 1s successtul, the last
received data packet 1s a re-transmission of previously received packets. Accordingly, a
successtul re-decode provides an indication that the acknowledgment has not been
detected. If the re-decode 1s determined successful at reference numeral 410, the
method proceeds to 412 and another acknowledgment signal 1s sent. A next data packet
transmission 1s received at reference numeral 404 to be combined and re-decoded. 1t 1s
to be appreciated that the data transmission received after a successful re-decode can
also be forwarded to normal decoding cycle A. If, at reference numeral 410, the re-
decode 1s unsuccesstul, the method 400 proceeds to reference numeral 414. At 414,
validation that the acknowledgment signal has been detected occurs. Thus, an
unsuccessful re-decode of combined data packets provides an indication that the
acknowledgment signal has been detected.

[0046] Turning now to Fig. §, 1llustrated 1s a methodology 500 that facilitates
reliably recerving a data transmission. Method 500 can be employed, among other
things, to validate that an acknowledgment message has been detected by a transmutter.
In an embodiment, method 500 can be implemented on a mobile device and/or a base
station 1n a wireless communications system. The method 500 further depicts a normal
decode process that occurs in parallel to the re-decoding method 400 described with
reference to Fig. 4. A data transmission 1s forwarded to method 500 from method 400.
The data transmission can be a next data transmission following a first successtul
decode. In addition, the data transmission can be a transmission subsequent to a re-
decode or other event. At reference numeral 502, the data transmission 1s assigned to
correspond to a next data packet in a data stream. The next data packet 1s a successive
data packet to that successfully decoded at 402 of Fig. 4. At 504, the data transmission
1s combined with any previously received transmission, if any, that are also assigned to
correspond to the next data packet. In other words, the normal decode cycle can loop
on¢ or more times with a data transmission being received each loop. The data
transmissions are combined to provide redundancy to facilitate decoding. Also at 504

the data transmission or combination 18 decoded. At reterence numeral 506, a
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determination 1s made as to whether the decode is successful. If the decode is not
successful, the method 500 proceeds to reference numeral 508 where a subseauent data

transmission is received. The subsequent transmission is combined and decoded at 504

and another test is performed to determine success. If the decode is determined to be

successful at 506, the method 500 proceeds to reference numeral 510 where a

determination 1s made as to whether a successful re-decode has concurrently occurred in

a parallel process with the last received data transmission. If yes, the method 500
returns since the data transmission is a retransmission of previously received and
decoded data packet for which the acknowledgment may not have been detected. If a
parallel re-decode is unsuccessful, the last transmission corresponds to a subsequent
data packet and validation has occurred. At reference numeral 512, an acknowledgment
signal is sent to a transmitter indicating receipt of the subsequent data packet.

[0047] Referring to Fig. 6, illustrated is an example implementation of a
validation by re-decoding scheme according to an aspect of the subject disclosure. A
data packet is received as a plurality of transmissions. While transmissions 1 through 5
are depicted in Fig. 6, it is to be appreciated that a data packet can be received 1n any
number of transmissions. For exainple, a single transmission of a data packet can be
sufficient to enable successful decoding. In addition, two or more transmissions can be
necessary to collect a sufficient level of redundancy to overcome errors in mdividual

transmissions of a data packet. Upon successful decoding, re-decoding can occur on

subsequent transmissions to validate acknowledgment detection by a transmatter.

[0048] Pursuant to the illustration in Fig. 6, transmission 1 is received. This
fransmission can be retained by buffer 1. In this example, decoding of transmission 1 is
unsuccessful. Subsequently, transmission 2 is received and retained in buffer 2 along
with the contents previously retained in buffer 1. In other words, butfer 2 retains a
combination of transmissions 1 and 2. Again, pursuant to this example, decoding of the
contents of buffer 2 (i.e., transmissions 1 and 2 in combination) is unsuccessful. '
Transmission 3 is received and stored n buffer 1 in combination with the contents
retained previously by buffer 2. Accordingly, buffer 1 retains transmissions 1 through
3. Transmissions 1 through 3 provide sufficient redundancy to enable successful
decoding at which point an acknowledgment message is sent that signals the data packet

has been received and decoded.
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[0049] Due to many factors and constraints on data transmission, and 1n
particular on wireless data transmission, the acknowledgment 1s not always detected.
Proper detection of the acknowledgment signal ensures that a transmitter of the data can
proceed to the next successive data packet of a data stream. However, when the
acknowledgment signal 1s not successfully delivered, the transmitter and recerver fall
out of synchronicity. For example, the transmitter, failing to detect the
acknowledgment, re-transmits the packet while the recerver anticipates the next
successive packet. By re-decoding a next transmission, a receiver can validate whether
the acknowledgment has been detected or has not been detected.

[0050] Pursuant to the illustrated scheme 1n Fig. 6, the buffer states prior to
successful decoding are preserved. For example, transmissions 1 and 2 are retained but
not transmission 3. Transmission 4 18 received and combined 1n a buffer 1 with the
buffer state immediately prior to successtul decoding. In other words, buffer 1 retains
the combination of transmissions 1, 2 and 4. The combination of transmissions 1, 2 and
4 18 re-decoded to validate acknowledgment detection. A successful re-decode indicates
that transmission 4 18 a re-transmission of a data packet and not a subsequent packet 1n a
sequence as expected following an acknowledgment signal. Accordingly, an inference
can be made that the acknowledgment has not been detected by the transmitter. Upon a
successful re-decode, another acknowledgment signal can be sent and transmission 4 1s
retained by the buffer. It 1s to be appreciated that a normal decode can occur 1n parallel
to the re-decode process. Pursuant to an 1llustration, transmission 4 (e.g., the first
transmission following a successtul decode) can be retained by buffer 2 as 1f being the
first transmission of a data packet. A subsequent transmission, for example
transmission 5, can be recerved. Transmission 5 18 combined with the contents of buffer
1 and stored in buffer 2. A re-decode is performed on the combination of transmission
1,2, 4 and 5 to validate detection of the acknowledgment message. A successtul re-
decode provides an indication that the acknowledgment has not been detected. An
unsuccessful re-decode provides an indication that the acknowledgment has been
detected and that the latest transmission 1s part of a successive data packet in the data
strcam. In addition, transmission 5 can be combined only with transmission 4 and
decoded normally as 1f transmission 4 and 5 are the first and second transmissions of a

subsequent data packet.
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[0051] Fig. 7 1llustrates a methodology 700 that facilitates reliably receiving a
data transmission. Method 700 can be employed by a receiver, among other things, to
validate that an acknowledgment message has been detected by a transmitter. In an
embodiment, method 700 can be implemented on a mobile device and/or a base station
in a wireless communications system. At reference numeral 702, a data packet
transmission 18 received. The data packet can be at least one packet from a plurality of
data packets in a series that comprises a data stream. In addition, the data packet can be
a retransmission of a previously sent packet. At 704, a determination 1s made as to
which buftfer should retain the received data packet. For example, the receiver can
include one or more buffers that retain received transmissions prior to decoding. In an
embodiment, two bufters can be included and the receiver alternates between the two
bufters for each received transmission. At retference numeral 706, the obtained data
packet 1s combined with previously received packets. As it can require several
transmissions to provide sufficient redundancy for a successful decode, one or more
copics of the data packet can persist. At 708, a decode 1s attempted on the combination.
If the decode 1s unsuccesstul, the method 700 proceeds to reference numeral 702 where
another data packet transmissions 1s received. According to an aspect, the packet
transmission 1s a re-transmission of the previously received data packet.

[0052] If the decode 1s successtul, the method 700 proceeds to reference
numeral 710 where the last received transmission 1s discarded. In other words, the
transmission that leads to the successful decode 1s discarded and the buffers return to a
state before successful decoding occurred. At 712, a next data packet 1s received. This
packet 1s the transmission received subsequent to successful decoding. At reference
numeral 714, a determination 1s made again as to which buffer should retain the
recerved data packet. At 716, the newly obtained data packet 1s combined with
previously received packets. At reference numeral 718, a re-decode 1s attempted. If the
re-decode 1s successful, the last received data packet 1s a re-transmission of previously
received packets. Accordingly, a successful re-decode provides an indication that the
acknowledgment has not been detected. If the re-decode 1s determined successful at
reference numeral 718, the method proceeds to 712 and a next data packet transmission
18 recerved to be combined and re-decoded. If, at reference numeral 718, the re-decode
1s unsuccessful, the method 700 proceeds to reference numeral 720. At 720, validation

that the acknowledgment signal has been detected occurs. Thus, an unsuccessful re-
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decode of combined data packets provides an indication that the acknowledgment signal
has been detected. It 1s to be appreciated that a normal decode process such as the
method 500 described with reference to Fig. S can concurrently take place to the re-
decode process. For example, the data transmission received at reference numeral 712
can be forwarded to method 500 for normal decoding.

[0053] Referring to Fig. 8, 1llustrated 1s an example implementation of a
validation by re-decoding scheme according to an aspect of the subject disclosure. A
data packet 1s recerved as a plurality of transmissions. While transmissions 1 through 5
are depicted 1n Fig. 8, 1t 18 to be appreciated that a data packet can be received 1n any
number of transmissions. For example, a single transmission of a data packet can be
sufficient to enable successful decoding. In addition, two or more transmissions can be
necessary to collect a sufficient level of redundancy to overcome errors 1n individual
transmissions of a data packet. Upon successtul decoding, re-decoding can occur on
subsequent transmissions to validate acknowledgment detection by a transmutter.

[0054] Pursuant to the illustration 1n Fig. 8, transmission 1 1s received. This
transmission can be retained by buffer 1. In this example, decoding of transmission 1 1s
unsuccessful. Subsequently, transmission 2 1s received and retained in buffer 2 along
with the contents previously retained 1n buffer 1. In other words, buffer 2 retains a
combination of transmissions 1 and 2. Again, pursuant to this example, decoding of the
contents of buffer 2 (i.e., transmission 1 and 2 1n combination) 1s unsuccessful.
Transmission 3 is received and stored in buffer 1 1n combination with the contents
retained previously by buffer 2. Accordingly, buffer 1 retains transmissions 1 through
3. Transmissions 1 through 3 provide sufficient redundancy to enable successtul
decoding at which point an acknowledgment message 1s sent that signals the data packet
has been recerved and decoded.

[0055] Pursuant to the 1llustrated scheme 1n Fig. 8, the buffers are preserved
following decode. For example, transmissions 1, 2 and 3 are retained. Transmission 4
18 received and combined 1n a bufter 2 with the contents of bufter 1. In other words,
butfer 2 now retains the combination of transmissions 1, 2, 3 and 4. The combination of
transmissions 1, 2, 3 and 4 18 re-decoded. A successful re-decode indicates that
transmission 4 18 a retransmission of a data packet and not a subsequent packet 1n a
sequence as expected following an acknowledgment signal. Accordingly, an inference

can be made that the acknowledgment has not been detected by the transmitter. Upon a
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successful re-decode, another acknowledgment signal can be sent and transmission 4 1s
retained by the buffer in combination. It is to be appreciated that a normal decode can
occur 1n parallel to the re-decode process. Pursuant to an 1llustration, transmission 4
(e.g., the first transmission following a successful decode) can be retained by buffer 1 as
if being the first transmission of a data packet. A subsequent transmission, for example
transmission 5, can be recetved. Transmission 5 1s combined with the contents of buffer
2 and stored in buffer 1. A re-decode 1s performed on the combination of transmissions
1,2, 3,4 and 5 to validate detection of the acknowledgment message. A successful re-
decode provides an indication that the acknowledgment has not been detected. An
unsuccessful re-decode provides an indication that the acknowledgment has been
detected and that the latest transmission 1s part of a successive data packet 1n the data
stream. In addition, transmission 5 can be combined only with transmission 4 1n bufter
2 and decoded normally as 1f transmission 4 and 5 are the first and second transmissions
of a subsequent data packet.

[0056] Fig. 9 1llustrates a methodology 900 that facilitates relhiably receiving a
data transmission. Method 900 can be employed by a receiver, among other things, to
validate that an acknowledgment message has been detected by a transmitter. In an
embodiment, method 900 can be implemented on a mobile device and/or a base station
in a wircless communications system. At reference numeral 902, a data packet
transmission 1s received. The data packet can be at least one packet from a plurality of
data packets 1n a series that comprises a data stream. In addition, the data packet can be
a retransmission of a previously sent packet. At 904, a determination 1s made as to
which buffer should retain the received data packet. At reference numeral 906, the
obtained data packet 1s combined with previously received packets. As 1t can require
several transmissions to provide sufficient redundancy for a successful decode, one or
more copics of the data packet can persist. The one or more copies can be combined
with the first data packet to facilitate validation of acknowledgment detection. At 908, a
decode 1s attempted on the combination. If the decode 1s unsuccessful, the method 900
proceeds to reference numeral 902 where another data packet transmission 1s recerved.
In one aspect, the packet transmission 1s a re-transmission of the previously received
data packet.

[0057] If the decode 1s successful, the method 900 proceeds to reference

numeral 910 where all transmissions received until the successful decode are retained
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for code combining with later received transmissions. At 912, a next data packet is
received. This packet 1s the first transmission received subsequent to successful
decoding. At reference numeral 914, a determination 1s made as to which butfer should
retain the received data packet. At 916, the newly obtained data packet 1s combined
with previously received packets. At reference numeral 918, a re-decode 1s attempted.
If the re-decode 18 successtul, the last received data packet 1s a re-transmission of
previously received packets. If the re-decode 1s determined successful at reference
numeral 918, the method proceeds to 912 and a next data packet transmission 1S
received to be combined and re-decoded. If, at reference numeral 918, the re-decode 1s
unsuccessful, the method 900 proceeds to reference numeral 920. At 920, t validation
that the acknowledgment signal has been detected occurs. It 18 to be appreciated that a
normal decode process such as the method 500 described with reference to Fig. S can
concurrently take place to the re-decode process. For example, the data transmission
recerved at reference numeral 912 can be forwarded to method 500 for normal
decoding.

[0058] It will be appreciated that, 1n accordance with one or more aspects
described herein, inferences can be made regarding whether an acknowledgment signal
has been detected by a transmitter, a packet transmission should be disregarded, efc. As
used herein, the term to “infer” or “inference” refers generally to the process of
reasoning about or inferring states of the system, environment, and/or user from a set of
observations as captured via events and/or data. Inference can be employed to identify a
specific context or action, or can generate a probability distribution over states, for
example. The inference can be probabilistic—that is, the computation of a probability
distribution over states of interest based on a consideration of data and events.

Inference can also refer to techniques employed for composing higher-level events from
a sct of events and/or data. Such inference results 1n the construction of new events or
actions from a set of observed events and/or stored event data, whether or not the events
arc correlated 1n close temporal proximity, and whether the events and data come from
on¢ or several event and data sources.

[0059] According to an example, one or more methods presented above can
include making inferences pertaining to validating detection of an acknowledgment
signal. By way of further illustration, an inference may be made related to determining

whether a re-decode indicates the acknowledgment has been detected, code combining
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packet retransmissions to provide redundancy, selecting buffers for retaining recerved
packets, etc. It will be appreciated that the foregoing examples are 1llustrative 1n nature
and are not intended to limit the number of inferences that can be made or the manner 1n
which such inferences are made 1in conjunction with the various embodiments and/or
methods described herein.

[0060] Fig. 10 1s an illustration of a mobile device 1000 that facilitates
employing acknowledgment detection validation by re-decoding. Mobile device 1000
comprises a recerver 1002 that recerves a signal from, for instance, a receive antenna
(not shown), and performs typical actions thercon (e.g., filters, amplifies, downconverts,
etc.) the recerved signal and digitizes the conditioned signal to obtain samples. Receiver
1002 can be, for example, an MMSE receiver, and can comprise a demodulator 1004
that can demodulate received symbols and provide them to a processor 1006 for channel
estimation and the like. Processor 1006 can be a processor dedicated to analyzing
information received by recerver 1002 and/or generating information for transmission
by a transmitter 1016, a processor that controls one or more components of mobile
device 1000, and/or a processor that both analyzes information received by receiver
1002, generates information for transmission by transmitter 1016, and controls one or
more components of mobile device 1000.

[0061] Mobile device 1000 can additionally comprise memory 1008 that 1s
operatively coupled to processor 1006 and that may store data to be transmitted,
received data, information related to available channels, data associated with analyzed
signal and/or interference strength, information related to an assigned channel, power,
rate, or the like, and any other suitable information for estimating a channel and
communicating via the channel. Memory 1008 can additionally store protocols and/or
algorithms associated with estimating and/or utilizing a channel (e.g., performance
based, capacity based, etc.).

[0062] It will be appreciated that the data store (e.g., memory 1008) described
herein can be either volatile memory or nonvolatile memory, or can include both
volatile and nonvolatile memory. By way of illustration, and not limitation, nonvolatile
memory can include read only memory (ROM), programmable ROM (PROM),
clectrically programmable ROM (EPROM), electrically erasable PROM (EEPROM), or
flash memory. Volatile memory can include random access memory (RAM), which

acts as external cache memory. By way of illustration and not limitation, RAM 1s
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available 1n many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM
(DRRAM). The memory 1008 of the subject systems and methods 18 intended to
comprise, without being limited to, these and any other suitable types of memory.
[0063] Processor 1002 1s further operatively coupled to a decoder 1010 that
attempts to decode data transmissions and/or data packets obtained by receiver 1002 to
recover traffic data of a data stream from the coded, modulated and/or interleaved
symbols of the transmission. Several retransmissions of a particular data packet can be
required before a successful decode can occur. For example, errors can be introduced 1n
a transmission due to channel conditions, power constraints, interference levels, or the
like such that the packet cannot be decoded. Retransmissions of a particular packet
provide decoder 1010 with sufficient information or redundancies to successfully
recover the traffic data associated with the data packet. Processor 1006 1s further
coupled to a buffer 1012 that facilitates retaining previous transmissions for
combination with newly obtained packets. Upon a successful decode, mobile device
1000 can send an acknowledgment. The buffer 1012 retains the previous data packet
transmissions to validate acknowledgment detection. The decoder 1010 can re-decode
the newly obtained data packet in combination with the previously received packets.
Mobile device 1000 still further comprises a modulator 1014 and a transmaitter 1016 that
transmits a signal (e.g., acknowledgment message) to, for instance, a base station,
another mobile device, efc. Although depicted as being separate from the processor
1006, 1t 1s to be appreciated that decoder 1010, bufter 1012, and/or modulator 1014 may
be part of processor 1006 or a number of processors (not shown).

10064} Fig. 11 1s an 1llustration of a system 1100 that facilitates employing
acknowledgment validation by re-decoding. System 1100 comprises a base station
1102 (e.g., access point, ...) with a receiver 1110 that receives signal(s) from one or
more mobile devices 1104 through a plurality of receive antennas 1106, and a
transmitter 1122 that transmits to the one or more mobile devices 1104 through a
plurality of transmit antennas 1108. In an aspect, transmitter 1122 can transmit a data
stream to the one or more mobile devices 1104 as a sequence of data packets such that
cach packet 18 transmitted 1n turn until acknowledged. Receiver 1110 can receive

information from receive antennas 1106 and 1s operatively associated with a
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demodulator 1112 that demodulates received information. Demodulated symbols are
analyzed by a processor 1114 that can be similar to the processor described above with
regard to Fig. 10, and which 1s coupled to a memory 1116 that stores information
related to estimating a signal (e.g., pilot) strength and/or interference strength, data to be
transmitted to or received from mobile device(s) 1104 (or a disparate base station (not
shown)), and/or any other suitable information related to performing the various actions
and functions set forth herein. For example, receiver 1110 can receive an
acknowledgment signal from the mobile devices 1104 related to a last data packet sent
by transmitter 1124. Information to be transmitted may be provided to a modulator
1122. Modulator 1122 can multiplex the information for transmission by a transmitter
1126 through antenna 1108 to mobile device(s) 1104. Although depicted as being
separate from the processor 1114, 1t 1s to be appreciated that demodulator 1112 and/or
modulator 1122 may be part of processor 1114 or a number of processors (not shown).
[0065] Fig. 12 shows an example wireless communication system 1200. The
wireless communication system 1200 depicts one base station 1210 and one mobile
device 1250 for sake of brevity. However, 1t 1s to be appreciated that system 1200 may
include more than one base station and/or more than one mobile device, wherein
additional base stations and/or mobile devices may be substantially similar or different
from example base station 1210 and mobile device 1250 described below. In addition,
it 1S to be appreciated that base station 1210 and/or mobile device 1250 may employ the
systems (Figs. 1-3 and 10-11) and/or methods (Figs. 4, 5, 7 and 9) described herein to
facilitate wireless communication there between.

[0066] At base station 1210, traffic data for a number of data streams 1s
provided from a data source 1212 to a transmit (TX) data processor 1214. According to
an example, each data stream may be transmitted over a respective antenna. TX data
processor 1214 formats, codes, and interleaves the traffic data stream based on a
particular coding scheme selected for that data stream to provide coded data.

[0067] The coded data for each data stream may be multiplexed with pilot data
using orthogonal frequency division multiplexing (OFDM) techniques. Additionally or
alternatively, the pilot symbols can be frequency division multiplexed (FDM), time
division multiplexed (TDM), or code division multiplexed (CDM). The pilot data 1s
typically a known data pattern that 1s processed 1in a known manner and may be used at

mobile device 1250 to estimate channel response. The multiplexed pilot and coded data
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for each data stream may be modulated (e.g., symbol mapped) based on a particular
modulation scheme (e.g., binary phase-shift keying (BPSK), quadrature phase-shift
keying (QPSK), M-phase-shift keying (M-PSK), M-quadrature amplitude modulation
(M-QAM), etc.) 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 or provided by processor 1230.

[0068] The modulation symbols for the data streams may be provided to a TX
MIMO processor 1220, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1220 then provides Ny modulation symbol streams to Ny
transmitters (TMTR) 1222a through 1222t. In various embodiments, TX MIMO
processor 1220 applies beamforming weights to the symbols of the data streams and to
the antenna from which the symbol 1s being transmitted.

[0069] Each transmitter 1222 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. Further, Ny modulated signals from transmaitters
1222a through 1222t are transmitted from Ny antennas 1224a through 1224t,
respectively.

[0070] At mobile device 1250, the transmitted modulated signals are received
by Ny antennas 1252a through 1252r and the received signal from each antenna 1252 1s
provided to a respective receiver (RCVR) 1254a through 1254r. Each receiver 1254
conditions (e.g., filters, amplifies, and downconverts) a respective signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a
corresponding “received” symbol stream.

[0071] An RX data processor 1260 may receive and process the Ny received
symbol streams from Ny receivers 1254 based on a particular receiver processing
technique to provide Ny “detected” symbol streams. RX data processor 1260 may
demodulate, demnterleave, and decode each detected symbol stream to recover the traffic
data for the data stream. The processing by RX data processor 1260 1s complementary
to that performed by TX MIMO processor 1220 and TX data processor 1214 at base
station 1210.
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[0072] A processor 1270 may periodically determine which precoding matrix to
utilize as discussed above. Further, processor 1270 may formulate a reverse link
message comprising a matrix index portion and a rank value portion.

[0073] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message may be processed by a TX data processor 1238, which also receives traffic data
for a number of data streams from a data source 1236, modulated by a modulator 1280,
conditioned by transmitters 1254a through 1254r, and transmitted back to base station
1210.

[0074] At base station 1210, the modulated signals from mobile device 1250 are
recerved by antennas 1224, conditioned by recervers 1222, demodulated by a
demodulator 1240, and processed by a RX data processor 1242 to extract the reverse
link message transmitted by mobile device 1250. Further, processor 1230 may process
the extracted message to determine which precoding matrix to use for determining the
beamforming weights.

[0075] Processors 1230 and 1270 may direct (e.g., control, coordinate, manage,
etc.) operation at base station 1210 and mobile device 1250, respectively. Respective
processors 1230 and 1270 can be associated with memory 1232 and 1272 that store
program codes and data. Processors 1230 and 1270 can also perform computations to
derive frequency and impulse response estimates for the uplink and downlink,
respectively.

[0076] It 1s to be understood that the embodiments described herein may be
implemented 1n hardware, software, firmware, middleware, microcode, or any
combination thereof. For a hardware implementation, the processing units may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAS), processors, controllers,
micro-controllers, microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof.

[0077] When the embodiments are implemented in software, firmware,
middleware or microcode, program code or code segments, they may be stored 1n a
machine-readable medium, such as a storage component. A code segment may

represent a procedure, a function, a subprogram, a program, a routine, a subroutine, a
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module, a software package, a class, or any combination of instructions, data structures,
or program statements. A code segment may be coupled to another code segment or a
hardware circuit by passing and/or receiving information, data, arguments, parameters,
or memory contents. Information, arguments, parameters, data, efzc. may be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, efc.

[0078] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and
executed by processors. The memory unit may be implemented within the processor or
external to the processor, in which case 1t can be communicatively coupled to the
pProcessor via various means as 18 known in the art.

[0079] With reference to Fig. 13, illustrated 1s a system 1300 that effectuates
reliable receipt of data packets through enhancement of hybrid automatic repeat requests
by validating acknowledgment detection via re-decoding. For example, system 1300
may reside at least partially within a mobile device and/or base station. It 1s to be
appreciated that system 1300 1s represented as including functional blocks, which may
be functional blocks that represent functions implemented by a processor, software, or
combination thereof (e.g., firmware). System 1300 includes a logical grouping 1302 of
clectrical components that can act in conjunction. For instance, logical grouping 1302
may include an electrical component for receiving a data transmission. The data
transmission can correspond to a particular data packet among a sequence of data
packets. Further, logical grouping 1302 may comprise an ¢lectrical component for
combining the data transmission with previously received transmissions 1306. For
example, one or more buffers can be employed to retain previously retained
transmissions. Moreover, logical grouping 1302 can include an electrical component
for decoding and re-decoding a resultant combination 1308. For instance, the new data
transmission can be stored in the buffer in addition to the previously received data
transmissions and the complete contents of the buffer can be provided to a decoder for
re-decoding. Additionally, system 1300 may include a memory 1310 that retains
instructions for executing functions associated with electrical components 1304, 1306

and 1308. While shown as being external to memory 1308, 1t 1S to be understood that
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one or more of electrical components 1304, 1306 and 1308 may exist within memory
1310. _

[0080] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination

of components or methodologies for purposes of describing the aforementioned

embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations, modifications and
variations that fall within the scope of the appended claims. Furthermore, to

the extent that the term “includes” is used in either the detailed description or the

claims, such term is intended to be inclusive in a manner similar to the term

“comprising” as “comprising” 1s interpreted when employed as a transitional word in a

claim.
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CLAIMS:
1. A method for communications, comprising:

decoding one or more previously received data transmissions

comprising one or more previous data packets:

5 receiving a data transmission comprising a data packet from a

sequence of data packets:;

combining the data transmission with the previo-usly received data

transmissions; and

re-decoding the resultant combination, even if the previously received

10 data transmissions were already successfully decoded.

2. The method of claim 1, wherein the decoding comprises:

code combining the one or more previously received data transmission;

decoding the code combined one or more previously received data

transmissions: and

15 sending an acknowledgment signal to a transmitter of the one or more

previously received data transmissions.

3. The method of claim 2, further comprising discarding a last successive

data transmission from the one or more previously received data transmissions.

4. The method of claim 2, further comprising retaining the one or more

20  previously received data transmissions.

D. The method of claim 1, further comprising determining whether the data

transmission comprises a last decoded data packet from the previous data packets.



10

15

20

CA 02679478 2012-08-17

714769-2588

29

6. The method of claim 5, further comprising identifying that re-decoding

the resultant combination is successful.

/. The method of claim 6, further comprising signaling a repeat

acknowledgment message to a transmitter of the data transmission upon successful

re-decode.

8. The method of claim 5, further comprising identifying that re-decoaing

the resultant combination is unsuccessful.

9. The method of claim 8, further comprising assigning the data

transmission to a subsequent data packet from the sequence of data packets.

10. The method of claim 1, wherein the receiving a data transmission

comprises storing the data transmission in at least one buffer.

11. The method of claim 10, further comprising storing successive data

transmissions in one or more buffers.

12. The method of claim 11, further comprising storing data transmissions

in a primary buffer in combination with contents of a secondary buffer.

13. The method of claim 1, further comprising concurrently decoding the

data transmission.

14, An apparatus adapted for communications, comprising:

a memory that retains instructions related to decoding one or more
previously received data transmissions comprising one or more previous data
packets, receiving a data transmission comprising a data packet from a sequence of
data packets, combining the data transmission with the previously received data
transmissions and re-decoding the resultant combination, even if the previously

received data transmissions were already successfully decoded; and
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a processor coupled to the memory, configured to execute the

instructions retained in the memory.

15. The apparatus of claim 14, wherein instructions related to decoding
comprise instructions related to:

code combining the one or more previously received data transmission:;

decoding the code combined one or more previously received data
transmissions: and

sending an acknowledgment signal to a transmitter of the one or more

previously received data transmissions.

16. The apparatus of claim 15, wherein the memory further retains
instructions related to discarding a last successive data transmission from the one or

more previously received data transmissions.

17. The apparatus of claim 15, wherein the memory further retains the one
or more previously received data transmissions.

18. The apparatus of claim 14, wherein the memory further retains
instructions related to determining whether the data transmission comprises a last

received and decoded data packet from the previous data packets.

19. The apparatus of claim 18, wherein the memory further retains

instructions related to identifying that re-decoding the resultant combination is

successful.

20. The apparatus of claim 19, wherein the memory further retains

instructions related to signaling a repeat acknowledgement message to a transmitter

of the data transmission upon successful re-decode.
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21. The apparatus of claim 18, wherein the memory further retains

instructions related to identifying that re-decoding the resultant combination is
unsuccessful.

22. The apparatus of claim 21, wherein the memory further retains
instructions related to assigning the data transmission to a subsequent data packet

from the sequence of data packets.

23. The apparatus of claim 14, wherein the memory further retains

instructions related to concurrently decoding the data transmission.
24. An apparatus adapted for communications, comprising:

means for decoding one or more previously received data

transmissions comprising one or more previous data packets;

means for receiving a data transmission comprising a data packet from

a sequence of data packets;

means for combining the data transmission with the previously received

data transmissions: and

means for re-decoding the resultant combination, even if the previously

received data transmissions were already successfully decoded.
25. The apparatus of claim 24, wherein the means for decoding comprise:

means for code combining the one or more previously received data

transmission,

means for decoding the code combined one or more previously

received data transmissions; and

means for sending an acknowledgement signal to a transmitter of the

one or more previously received data transmissions.
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20. The apparatus of claim 25, further comprising means for discarding a

last successive data transmission from the one or more previously received data

transmissions.

27. The apparatus of claim 25, further comprising means for retaining the

one or more previously received data transmissions.

28. The apparatus of claim 24, further comprising means for determining
whether the data transmission comprises a last received and decoded data packet

from the previous data packets.

29. The apparatus of claim 28, further comprising means for identifying that

re-decoding the resultant combination is successful.

30. The apparatus of claim 29, further comprising means for signaling a

repeat acknowledgement message to a transmitter of the data transmission upon

successful re-decode.

31. The apparatus of claim 28, further comprising means for identifying that

re-decoding the resultant combination is unsuccessful.

32. The apparatus of claim 31, further comprising means for assigning the

data transmission to a subsequent data packet from the sequence of data packets.

33. The apparatus of claim 24, wherein the means for receiving a data

transmission comprises means for storing the data transmission in at least one buffer.

34. The apparatus of claim 33, further comprising means for storing

successive data transmissions in one or more buffers.

39. The apparatus of claim 34, further comprising means for storing data

transmissions in a primary buffer in combination with contents of a secondary buffer.

30. The apparatus of claim 24, further comprising means for concurrently

decoding the data transmission.
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37. A machine-readable medium having stored thereon machine-
executable instructions that when executed by a processor, cause the processor to
perform a method, the method comprising:

decoding one or more previously received data transmissions

comprising one or more previous data packets;

receiving a data transmission comprising a data packet from a
sequence of data packets;

combining the data transmission with the previously received data
transmissions; and

re-decoding the resultant combination, even if the previously received

data transmissions were already successfully decoded.

38. The machine-readable medium of claim 37, wherein the instructions for

decoding comprise instructions for:

code combining the one or more previously received data transmission;

decoding the code combined one or more previously received data

transmissions; and

sending an acknowledgment signal to a transmitter of the one or more

previously received data transmissions.

39. The machine-readable medium of claim 38, further comprising

instructions for discarding a last successive data transmission from the one or more

previously received data transmissions.

40. The machine-readable medium of claim 38, further comprising

instructions for retaining the one or more previously received data transmissions.
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41. The machine-readable medium of claim 37, further comprising

instructions for determining whether the data transmission comprises a last received
and decoded data packet from the previous data packets.

42. The machine-readable medium of claim 41, further comprising

5 instructions for identifying that re-decoding the resuitant combination is successful.

43 The machine-readable medium of claim 42, further comprising

instructions for signaling a repeat acknowledgment message to a transmitter of the

data transmission upon successful re-decode.

44 . The machine-readable medium of claim 41, further comprising

10 instructions for identifying that re-decoding the resuitant combination is unsuccesstul.

45. The machine-readable medium of claim 44, further comprising

instructions for assigning the data transmission to a subsequent data packet from the

sequence of data packets.

46. The machine-readable medium of claim 37, wherein receiving a data

15  transmission comprises storing the data transmission in at least one buffer.

47 . The machine-readable medium of claim 46, further comprising

instructions for storing successive data transmissions in one or more bufters.

48, The machine-readable medium of claim 47, further comprising
instructions for storing data transmissions in a primary buffer in combination with

20 contents of a secondary buffer.

49. The machine-readable medium of claim 37, further comprising

instruction for concurrently decoding the data transmission.
50. An apparatus, comprising:

an integrated circuit configuread to:
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decode one or more previously received data transmissions comprising

one or more previous data packets;

receive a data transmission comprising a data packet from a sequence

of data packets:;

5 combine the data transmission with the previously received data

transmissions; and

re-decode the resultant combination, even if the previously received

data transmissions were already successfully decoded.
51. The apparatus of claim 50, wherein the decoding comprises:
10 code combining the one or more previously received data transmission;

decoding the code combined one or more previously received data

transmissions; and

sending an acknowledgment signal to a transmitter of the one or more

previously received data transmissions.
15 52. An apparatus adapted for communications, comprising:

a memory that retains instructions related to:

receiving a data transmission corresponding to a data packet from a

sequence of data packets;

if the data transmission is successfully decoded, sending an

20  acknowledgment message to a transmitter;

receiving a next data transmission corresponding to a data packet from

the sequence of data packets;
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combining the next data transmission with one or more previously
received data transmissions;

re-decoding the resultant combination to determine whether the next

data transmission corresponds to a last decoded data packet;

If the resultant combination is successfully re-decoded, sending a

repeat acknowledgment message to the transmitter; and

If the resultant combination is not successfully re-decoded, assigning

the next data transmission to a subsequent data packét from the sequence of data
packets; and

a processor coupled to the memory, configured to execute the

instructions retained in the memory.

53. The apparatus of claim 52, wherein the memory further retains
instructions related to:

code-combining the one or more previously received data

transmissions;

decoding the code-combined one or more previously received data
transmissions; and

sending an acknowledgement message to the transmitter of the one or

more previously received data transmissions.

54. The apparatus of claim 53, wherein the memory further retains

instructions related to:

discarding a last successive data transmission from the one or more

previously received data transmissions.

5. The apparatus of claim 53, wherein the memory further retains

instructions related to:
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retaining the one or more previously received data transmissions.

506. The apparatus of claim 52, wherein the instructions related to receiving

a data transmission comprises storing the data transmission in at [east one buffer.

o7. The apparatus of claim 56, wherein the memory further retains

5 instructions related to:
storing successive data transmissions in alternate parallel buffers.

58. The apparatus of claim 57, wherein the rhemory further retains

instructions related to:

storing data transmissions in a primary buffer in combination with

10 contents of a secondary buffer.

59. The apparatus of claim 52, wherein the memory further retains

instructions related to:
decoding concurrently the data transmission.

60. A method for communications, comprising:

15 receiving a data transmission corresponding to a data packet from a

sequence of data packets;

if the data transmission is successfully decoded, sending an

acknowledgment message to a transmitter;

receiving a next data transmission corresponding to a data packet from

20 the sequence of data packets;

combining the next data transmission with one or more previously

received data transmissions;
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re-decoding the resultant combination to determine whether the next

data transmission corresponds to a last decoded data packet;

if the resultant combination is successfully re-decoded, sending a

repeat acknowledgment message to the transmitter; and

5 if the resultant combination is not successfully re-decoded, assigning

the next data transmission to a subsequent data packet from the sequence of data

packets.

61. The method of claim 60, further comprising:

code-combining the one or more previously received data

10  transmissions;

decoding the code-combined one or more previously received data

transmissions; and

sending an acknowledgment message to the transmitter of the one or

more previously received data transmissions.

15  062. The method of claim 61, further comprising:

discarding a last successive data transmission from the one or more

previously received data transmissions.
63. The method of claim 61, further comprising:

retaining the one or more previously received data transmissions.

20 64. The method of claim 60, wherein the receiving a data transmission

comprises storing the data transmission in at least one bufter.

69. The method of claim 64, further comprising:

storing successive data transmissions in alternate parallel buffers.
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66. The method of claim 65, further comprising:

storing data transmissions in a primary buffer in combination with
contents of a secondary buffer.

67. The method of claim 60, further comprising:
5 decoding concurrently the data transmission.
68. A machine-readable medium having stored thereon machine-

executable instructions that when executed by a processor, cause the processor to
perform a method, the method comprising:

receiving a data transmission corresponding to a data packet from a
10  sequence of data packets;

if the data transmission is successfully decoded, sending an

acknowledgment message to a transmitter;

receiving a next data transmission corresponding to a data packet from

the sequence of data packets;

15 combining the next data transmission with one or more previously

received data transmissions;

re-decoding the resultant combination to determine whether the next

data transmission corresponds to a last decoded data packet;

if the resultant combination is successfully re-decoded, sending a

20 repeat acknowledgment message to the transmitter; and

if the resultant combination is not successfully re-decoded, assigning

the next data transmission to a subsequent data packet from the sequence of data

packets.
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69. The machine-readable medium of claim 68, further comprising
Instructions for:

code-combining the one or more previously received data
transmissions;

decoding the code-combined one or more previously received data
transmissions; and

sending an acknowledgment message to the transmitter of the one or
more previously received data transmissions.

70. The machine-readable medium of claim 69, further comprising
iInstructions for:

discarding a last successive data transmission from the one or more

previously received data transmissions.

/1. The machine-readable medium of claim 69, further comprising
iInstructions for:

retaining the one or more previously received data transmissions.

12. The machine-readable medium of claim 68, wherein the machine-

executable instructions for receiving a data transmission comprises storing the data

transmission in at least one buffer.

73. An apparatus adapted for communications, comprising:

means for receiving a data transmission corresponding to a data packet

from a sequence of data packets;

means for sending an acknowledgment message to a transmitter if the

data transmission is successfully decoded;
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means for receiving a next data transmission corresponding to a data

packet from the sequence of data packets;

means for combining the next data transmission with one or more
previously received data transmissions;

means for re-decoding the resultant combination to determine whether

the next data transmission corresponds to a last decoded data packet;

means for sending a repeat acknowledgement message to the

transmitter if the resultant combination is successfully re-decoded; and

means for assigning the next data transmission to a subsequent data
packet from the sequence of data packets if the resultant combination is not

successfully re-decodeq.
/4. The apparatus of claim 73, further comprising:

means for code-combining the one or more previously received data

transmissions:

means for decoding the code-combined one or more previously

received data transmissions: and

means for sending an acknowledgment message to the transmitter of

the one or more previously received data transmissions.

/9. The apparatus of claim 74, further comprising:

means for discarding a last successive data transmission from the one

or more previously received data transmissions.
/6. The apparatus of claim 74, further comprising:

means for retaining the one or more previously received data

transmissions.
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77, The apparatus of claim 73, wherein the means for receiving a data

transmission comprises means for storing the data transmission in at least one buffer.

/8. An apparatus adapted for communicatiohs, comprising:

an integrated circuit configured to:

receive a data transmission corresponding to a data packet from a
sequence of data packets;

if the data transmission Is successfully decoded, send an

acknowledgment message to a transmitter;

receive a next data transmission corresponding to a data packet from
the sequence of data packets;

combine the next data transmission with one or more previously
received data transmissions; |

re-decode the resultant combination to determine whether the next data

transmission corresponds to a last decoded data packet;

if the resultant combination is successfully re-decoded, send a repeat

acknowledgment message to the transmitter; and

if the resultant combination is not successfully re-decoded, assign the
next data transmission to a subsequent data packet from the sequence of data

packets.

79. The apparatus of claim 78, wherein the integrated circuit is further

configured to:
code-combine the one or more previously received data transmissions;

decode the code-combined one or more previously received data

transmissions; and
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send an acknowledgment message to the transmitter of the one or

more previously received data transmissions.

80. The apparatus of claim 79, wherein the integrated circuit is further

configured to:

5 discard a last successive data transmission from the one or more

nreviously received data transmissions.

81. The apparatus of claim 79, wherein the integrated circuit is further

configured to:

retain the one or more previously received data transmissions.

10 82. The apparatus of claim 78, wherein receiving a data transmission

comprises storing the data transmission in at least one buffer.
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