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FIG. 3

multi radio access based wireless communication are provided. In one aspect,
a device configured to communicate via a wireless communication link is
provided. The device includes a controller configured to provide an acknow-
ledgement indicator, when the channel is configured for such operation. The
controller may be configured to adjust or alter the mechanism of the acknow-
ledgement indicator in the packets transmitted based in part on a condition of
the wireless communication link and a type of wireless communication that is
being transmitted by the device.
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SYSTEMS, METHODS AND APPARATUS FOR WIRELESS CONDITION
BASED MULTIPLE RADIO ACCESS BEARER COMMUNICATIONS

Cross-Reference to Related Applications

[0001] The disclosure claims priority to U.S. Provisional Patent Application
No. 61/533,893 filed September 13, 2011, entitled “SYSTEMS, METHODS AND
APPARATUS FOR WIRELESS CONDITION BASED MULTIPLE RADIO ACCESS
BEARER COMMUNICATIONS” and assigned to the assignee hereof. The disclosure
of this prior application is considered part of, and is incorporated by reference in, this

disclosure.

Field
[0002] Aspects of the present invention relate to wireless communication,
and in particular, to systems, method and apparatus configured to enable multiple radio

access bearer communications based on wireless conditions.

Background

[0003] Wireless communication systems are widely deployed to provide
various types of communication content such as voice, data, and so on. These systems
may be multiple-access systems capable of supporting communication with multiple
users by sharing the available system resources (e.g., bandwidth and transmit power).
Examples of such multiple-access systems include code division multiple access
(CDMA) systems, time division multiple access (TDMA) systems, frequency division
multiple access (FDMA) systems, 3GPP Long Term Evolution (LTE) systems, and
orthogonal frequency division multiple access (OFDMA) systems.

[0004] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals (e.g. cellphones,
tablet computers and other electronic devices). Each wireless terminal communicates
with one or more base stations via transmissions on one or more uplinks and downlinks.
A downlink (or forward link) refers to the communication link from the base stations to
the wireless terminal, and an uplink (or reverse link) refers to the communication link
from the wireless terminal to the base station. These communication links may be
established via a single-in-single-out (SISO), multiple-in-single-out (MISO), or a
multiple-in-multiple-out (MIMO) system.
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[0005] A MIMO system employs multiple transmit antennas and multiple
receive antennas for data transmission. A MIMO channel formed by the transmit and
receive antennas may be decomposed into independent channels, which are also referred
to as spatial channels. Each of the independent channels corresponds to a dimension.
The MIMO system can provide improved performance (e.g., higher throughput and/or
greater reliability) if the additional dimensions created by the multiple transmit and
receive antennas are utilized.

[0006] A MIMO system supports time division duplex (TDD) and frequency
division duplex (FDD) systems. In a TDD system, the uplink and downlink
transmissions are within the same frequency region so that the reciprocity principle
allows the estimation of the downlink channel from the uplink channel. This enables
the base station to extract transmit beamforming gain on the downlink when multiple
antennas are available at the base station.

[0007] The primary purpose of the base station is to provide connectivity
between a wireless terminal or terminals and the core communications network. In a
UMTS radio access network (RAN), the functionalities of a base station may be split
across two network elements: the Radio Network Controller (RNC) handles, among
other functions, connection setup, resource assignment and mobility; the base node
(NodeB) configured to handle the radio transmission and reception to and from wireless
terminals as well as the resource allocation for connected users on the shared channels.

[0008] To establish a call connection between a wireless terminal and a base
station, a Radio Access Bearer (RAB) is needed. The RAB carries voice or other data
between the wireless terminal and the core communication network. There are different
types of RABs for different types of data, such as, for example, voice data, streaming
data (e.g. streaming a video clip), interactive data (e.g. interacting with a website) and
others. Simultaneous voice and data connections require multiple RABs and may be
referred to as Multi-RAB or MRAB connections. In the early days of combined voice
and data networks, e.g. 3G UMTS, simultaneous voice and data connections were not
prevalent. However, newer wireless terminal devices (e.g. touch-screen cellular
telephones) increasingly use voice and data connections simultaneously. MRAB calls
are known to experience an increased rate of dropped calls or connections compared to

single RAB calls or connections. One cause for may be due to, for example, variable
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wireless signal conditions. Accordingly, there is a need to improve the communication

between a wireless terminal and a base station during MRAB calls.

SUMMARY

[0009] Various implementations of systems, methods and apparatus within
the scope of the appended claims each have several aspects, no single one of which is
solely responsible for the desirable attributes described herein. Without limiting the
scope of the appended claims, some prominent features are described herein. After
considering this discussion, and particularly after reading the section entitled “Detailed
Description” one will understand how the features of various implementations are used
to manage power allocation to various channels in MRAB calls.

[0010] In one aspect, a device configured to communicate via a wireless
communication link is provided. The device includes a controller. The controller is
configured to provide an acknowledgement indicator. The controller is further
configured to adjust the acknowledgement indicator based in part on a condition of the
wireless communication link and a type of wireless communication that is being
transmitted by the device. The condition of the wireless communication link may
include a quality of a wireless signal received by the device, an error rate for signals
received by the device, a number of packet re-transmissions from the device, and a reset
of the wireless communication link. The type of wireless communication is a multicast
radio access bearer communication. The acknowledgement indicator comprises a bit in
a packet header field. The wireless communication link comprises a universal mobile
telecommunication system. The wireless communication link comprises a 3G system.

[0011] In another aspect, a method of wireless communication is provided.
The method includes establishing a wireless communication link. The method includes
altering an acknowledgement indicator transmitted via the wireless communication link
based in part on a condition of the wireless communication link and a type of wireless
communication being transmitted. In some implementations, altering the
acknowledgement indicator may be based on a multiple radio access bearer wireless
communication type. In some implementations, altering the acknowledgement indicator
may be based on the condition of the wireless communication link comprises altering
the acknowledgement indicator based on at least one of a quality of a wireless signal

received by the device, an error rate for signals received by the device, a number of
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packet re-transmissions from the device, and a reset of the wireless communication link.
In some implementations, altering the acknowledgement indicator
may include altering a packet header value.

[0012] In yet another aspect, another device configured to communicate via

a wireless communication link is provided. The device includes means for establishing
the wireless communication link. The device includes means for altering an
acknowledgement indicator transmitted via the wireless communication link based in
part on a condition of the wireless communication link and a type of wireless
communication being transmitted by the device.
[0013] The means for altering may be configured to alter the
acknowledgement indicator based on a multiple radio access bearer wireless
communication type. In some implementations, the means for altering are configured to
alter the acknowledgement indicator based on at least one of a quality of a wireless
signal received by the device, an error rate for signals received by the device, a number
of packet re-transmissions from the device, and a reset of the wireless communication
link. The means for altering the acknowledgement indicator may include means for
altering a packet header value.

[0014] In another aspect, a non-transitory computer readable storage
medium comprising instructions is provided. The instructions, when executed by a
processor of an apparatus, cause the apparatus to establish a wireless communication
link. The instructions further cause the apparatus to alter an acknowledgement indicator
transmitted via the wireless communication link based in part on a condition of the
wireless communication link and a type of wireless communication being transmitted
by the apparatus. In some implementations, altering the acknowledgement indicator
may be based on a multiple radio access bearer wireless communication type. In some
implementations, altering the acknowledgement indicator may be based on the condition
of the wireless communication link comprises altering the acknowledgement indicator
based on at least one of a quality of a wireless signal received by the device, an error
rate for signals received by the device, a number of packet re-transmissions from the
device, and a reset of the wireless communication link. In some implementations,

altering the acknowledgement indicator may include altering a packet header value.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0015] So that the manner in which features of the present disclosure can be
understood in detail, a more particular description, briefly summarized above, may be
had by reference to aspects, some of which are illustrated in the appended drawings. It
is to be noted, however, that the appended drawings illustrate only certain typical
aspects of this disclosure and are therefore not to be considered limiting of its scope, for
the description may admit to other equally effective aspects.

[0016] FIG. 1 shows an exemplary functional block diagram of a wireless
communication system.

[0017] FIG. 2 shows an exemplary functional block diagram of components
that may be employed to facilitate communication between communication nodes, such
a wireless terminal and a base station.

[0018] FIG. 3 shows an exemplary flowchart illustrating an implementation
of a method of wireless condition based communication in a wireless terminal.

[0019] FIG. 4 shows an exemplary flowchart illustrating another
implementation of a method of wireless condition based communication in a wireless
terminal.

[0020] FIG. 5 shows an exemplary functional block diagram of another
wireless terminal.

[0021] In accordance with common practice the various features illustrated
in the drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may not depict all of the components of a given system, method or device.
Finally, like reference numerals may be used to denote like features throughout the

specification and figures.

DETAILED DESCRIPTION
[0022] Various aspects of implementations within the scope of the appended
claims are described below. It should be apparent that the aspects described herein may
be implemented in a wide variety of forms and that any specific structure and/or
function described herein is merely illustrative. Based on the present disclosure one
skilled in the art should appreciate that an aspect described herein may be implemented
independently of any other aspects and that two or more of these aspects may be

combined in various ways. Dor example, an apparatus may be implemented and/or a
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method may be practiced using any number of the aspects set forth herein. In addition,
such an apparatus may be implemented and/or such a method may be practiced using
other structure and/or functionality in addition to or other than one or more of the
aspects set forth herein.

[0023] The techniques described herein may be used for various wireless
communication networks such as Code Division Multiple Access (CDMA) networks,
Time Division Multiple Access (I'DMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA) networks, Single-Carrier
FDMA (SC-FDMA) networks, etc. The terms “networks™ and “systems”™ are often used
interchangeably. A CDMA network may implement a radio technology such as
Universal Terrestrial Radio Access (UTRA), cdma2000, etc. UTRA includes
Wideband-CDMA (W-CDMA) and Low Chip Rate (LCR). c¢cdma2000 covers 1S-2000,
IS-95 and IS-856 standards. A TDMA network may implement a radio technology such
as Global System for Mobile Communications (GSM). An OFDMA network may
implement a radio technology such as Evolved UTRA (E-UTRA), [EEE 802.11, IEEE
802.16, IEEE 802.20, IEEE 802.22, Flash-OFDMA, etc. UTRA, E-UTRA, and GSM
are part of Universal Mobile Telecommunication System (UMTS). Long Term
Evolution (LTE) is an upcoming release of UMTS that uses E-UTRA. UTRA, E-
UTRA, GSM, UMTS and LTE are described in documents from an organization named
“3rd Generation Partnership Project” (3GPP). Similarly, cdma2000 is described in
documents from an organization named “3rd Generation Partnership Project 27
(3GPP2).

[0024] In some aspects the teachings herein may be employed in a network
that includes macro scale coverage (e.g., a large area cellular network such as a 3G
network, typically referred to as a macro cell network) and smaller scale coverage (e.g.,
a residence-based or building-based network environment). As a wireless terminal
(WT) or user equipment (UE) moves through such a network, the wireless terminal may
be served in certain locations by base stations (BSs) or access nodes (ANs) that provide
macro coverage while the wireless terminal may be served at other locations by access
nodes that provide smaller scale coverage, e.g. femto nodes (FINs). In some aspects, the
smaller coverage nodes may be used to provide incremental capacity growth, in-
building coverage, and different services (e.g., for a more robust user experience). In

the discussion herein, a node that provides coverage over a relatively large area may be
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referred to as a macro node. A node that provides coverage over a relatively small area
(e.g., a residence) may be referred to as a femto node. A node that provides coverage
over an area that is smaller than a macro area and larger than a femto area may be
referred to as a pico node (e.g., providing coverage within a commercial building).

[0025] A cell associated with a macro node, a femto node, or a pico node
may be referred to as a macro cell, a femto cell, or a pico cell, respectively. In some
implementations, each cell may be further associated with (e.g., divided into) one or
more sectors.

[0026] In various applications, other terminology may be used to reference a
macro node, a femto node, or a pico node. For example, a macro node may be
configured or referred to as an access node, access point, base station, Node B, eNodeB,
macro cell, and so on. Also, a femto node may be configured or referred to as a Home
NodeB (HNB), Home eNodeB (HeNB), access point access point, femto cell, and so on.

[0027] FIG. 1 shows an exemplary functional block diagram of a wireless
communication system. The wireless communication system 10 may include at least
one wireless terminal 100 and at least one base station 101 configured to communicate
with each other over a first communication link 161 and a second communication link
163. Each of the first and second communication links 161, 163 can be a single-packet
communication link on which a single packet may be transmitted during each cycle or a
multi-packet communication link on which on which multiple packets may be
transmitted during each cycle. For example, the first communication link 161 can be a
dual-packet communication link on which zero, one, or two packets can be transmitted
during each cycle.

[0028] In the implementation shown in FIG. 1, the wireless terminal 100
includes a processor 110 coupled with a memory 120, an input device 130, and an
output device 140. The processor may be coupled with a modem 150 and a transceiver
160. The transceiver 160 shown is also coupled with the modem 150 and an antenna
170. The wireless terminal 100 and components thereof may be powered by a battery
180 and/or an external power source. In some implementations, the battery 180, or a
portion thereof, is rechargeable by an external power source via a power interface 190.
Although described separately, it is to be appreciated that functional blocks described
with respect to the wireless terminal 100 need not be separate structural elements. For

example, the processor 110 and memory 120 may be implemented in a single chip.
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Similarly, two or more of the processor 110, modem 150, and transceiver 160 may be
implemented in a single chip.

[0029] The processor 110 can be a general purpose processor, a digital
signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any suitable combination thereof
designed to perform the functions described herein. A processor may also be
implemented as a combination of computing devices, e.g2., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one Or more microprocessors in
conjunction with a DSP core, or any other such configuration.

[0030] In the implementation shown in FIG. 1, the processor 110 can be
coupled, via one or more buses, with read information from or write information to the
memory 120. The processor may additionally, or in the alternative, contain memory,
such as processor registers. The memory 120 can include processor cache, including a
multi-level hierarchical cache in which different levels have different capacities and
access speeds. The memory 120 can also include random access memory (RAM), other
volatile storage devices, or non-volatile storage devices. The storage can include hard
drives, optical discs, such as compact discs (CDs) or digital video discs (DVDs), flash
memory, floppy discs, magnetic tape, and Zip drives.

[0031] The processor 110 is also coupled with an input device 130 and an
output device 140 configured for, respectively, receiving input from and providing
output to, a user of the wireless terminal 100. Suitable input devices may include, but
are not limited to, a keyboard, buttons, keys, switches, a pointing device, a mouse, a
joystick, a remote control, an infrared detector, a video camera (possibly coupled with
video processing software to, e.g., detect hand gestures or facial gestures), a motion
detector, or a microphone (possibly coupled with audio processing software to, e.g.,
detect voice commands). Suitable output devices may include, but are not limited to,
visual output devices, including displays and printers, audio output devices, including
speakers, headphones, earphones, and alarms, and haptic output devices, including
force-feedback game controllers and vibrating devices.

[0032] The processor 110 may be coupled with a modem 150 and a
transceiver 160. The modem 150 and transceiver 160 may be configured to prepare data

generated by the processor 110 for wireless transmission over the communication links
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161, 163 via the antenna 170. The modem 150 and transceiver 160 also demodulate
data received over the communication links 161, 163 via the antenna 170. In some
implementations, the modem 150 and the transceiver 160 may be configured to operate
according to one or more air interface standards. The transceiver can include a
transmitter 162, a receiver 164, or both. In other implementations, the transmitter 162
and receiver 164 are two separate components. The modem 150 and transceiver 160,
can be implemented as a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any suitable combination thereof designed to perform the functions
described herein. The antenna 170 can include multiple antennas for multiple-
input/multiple-output (MIMO) communication.

[0033] The wireless terminal 100 and components thereof may be powered
by a battery 180 and/or an external power source. The battery 180 can be any device
which stores energy, and particularly any device which stores chemical energy and
provides it as electrical energy. The battery 180 can include one or more secondary
cells including a lithium polymer battery, a lithium ion battery, a nickel-metal hydride
battery, or a nickel cadmium battery, or one or more primary cells including an alkaline
battery, a lithium battery, a silver oxide battery, or a zinc carbon battery. The external
power source can include a wall socket, a vehicular cigar lighter receptacle, a wireless
energy transfer platform, or the sun.

[0034] In some implementations, the battery 180, or a portion thereof, is
rechargeable by an external power source via a power interface 190. The power
interface 190 can include a jack for connecting a battery charger, an inductor for near
field wireless energy transfer, or a photovoltaic panel for converting solar energy into
electrical energy.

[0035] In some implementations, the wireless terminal 100 is a mobile
telephone, a personal data assistant (PDAs), a hand-held computer, a laptop computer, a
wireless data access card, a GPS receiver/navigator, a camera, an MP3 player, a
camcorder, a game console, a wrist watch, a clock, or a television.

[0036] As shown in FIG. 1, the base station 101 also includes at least a
processor 111 coupled with a memory 112 and a transceiver 165. The transceiver 165

includes a transmitter 167 and a receiver 166 coupled with an antenna 171. 'The
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processor 111, memory 112, transceiver 165, and antenna 171 can be implemented as
described above with respect to the wireless terminal 100.

[0037] In the wireless communication system 10 of FIG. 1, the base station
101 can transmit data packets to the wireless terminal 100 via a first communication
link 161 and/or a second communication link 163.

[0038] FIG. 2 shows an exemplary functional block diagram of components
that may be employed to facilitate communication between communication nodes, such
a wireless terminal and a base station. Specifically, FIG. 2 is a simplified block diagram
of a first wireless device 210 (e.g., a base station) and a second wireless device 250
(e.g., a wireless terminal) of a communication system 200. At the first device 210,
traffic data for a number of data streams is provided from a data source 212 to a transmit
(TX) data processor 214.

[0039] In some implementations, each data stream is transmitted over a
respective transmit antenna. The TX data processor 214 may be configured to format,
code, and interleave the traffic data for each data stream based on a particular coding
scheme selected for that data stream.

[0040] The coded data for each data stream may be multiplexed with pilot
data using OFDM techniques. The pilot data is typically a known data pattern that is
processed in a known manner and may be used at the receiver system to estimate the
channel response. The multiplexed pilot and coded data for each data stream is then
modulated (i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK,
QSPK, M-PSK, or M-QAM) selected for that data stream to provide modulation
symbols. The data rate, coding, and modulation for each data stream may be
determined by instructions performed by a processor 230. A data memory 232 may
store program code, data, and other information used by the processor 230 or other
components of the device 210.

[0041] In the implementation shown in FIG.2, the modulation symbols for
some data streams may be provided to a TX MIMO processor 220, which may further
process the modulation symbols (e.g., for OFDM). The TX MIMO processor 220 then
provides modulation symbol streams to transceivers (XCVR) 222A through 222T. In
some aspects, the TX MIMO processor 220 applies beam-forming weights to the
symbols of the data streams and to the antenna from which the symbol is being

transmitted.
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[0042] Each transceiver 222 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 channel. Modulated signals from transceivers 222A through 2227
are then transmitted from antennas 224 A through 224T, respectively.

[0043] At the second device 250, the transmitted modulated signals are
received by antennas 252 A through 252R and the received signal from each antenna 252
is provided to a respective transceiver (XCVR) 254 A through 254R. Fach transceiver
254 may be configured to condition (e.g., filters, amplifies, and downconverts) a
respective received signal, digitizes the conditioned signal to provide samples, and
further processes the samples to provide a corresponding "received” symbol stream.

[0044] A receive (RX) data processor 165 then receives and processes the
received symbol streams from transceivers 254 based on a particular receiver processing
technique to provide "detected" symbol streams. The RX data processor 165 then
demodulates, deinterleaves, and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by the RX data processor 165 is
complementary to that performed by the TX MIMO processor 220 and the TX data
processor 214 at the device 210.

[0045] The processor 270 formulates an uplink message, which may
comprise various types of information regarding the communication link and/or the
received data stream. 'The reverse link message is then processed by a TX data
processor 238, which also receives traffic data for a number of data streams from a data
source 236, modulated by a modulator 280, conditioned by the transceivers 254A
through 254R, and transmitted back to the device 210.

[0046] At the device 210, the modulated signals from the second device 250
are received by the antennas 224, conditioned by the transceivers 222, demodulated by a
demodulator (DEMOD) 240, and processed by an RX data processor 242 to extract the
uplink message transmitted by the second device 250. The processor 230 then processes
the extracted message.

[0047] FIG. 2 also illustrates that the communication components may
include one or more components that perform access control. For example, an access
control component 290 may cooperate with the processor 230 and/or other components

of the device 210 to send/receive signals to/from another device (e.g., device 250).
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Similarly, an access control component 292 may cooperate with the processor 270
and/or other components of the device 250 to send/receive signals to/from another
device (e.g., device 210). It should be appreciated that for each device 210 and 250 the
functionality of two or more of the described components may be provided by a single
component. For example, a single processing component may provide the functionality
of the access control component 290 and the processor 230 and a single processing
component may provide the functionality of the access control component 292 and the
processor 270.

[0048] The interface between base stations and wireless terminals may be
described by a protocol stack that consists of a number of protocol layers, each giving a
specific service to the next layer above and/or below. For example, a top layer of the
protocol stack, sometimes referred to as the radio resource control (RRC) layer, may
control signaling to control the wireless connection to the wireless terminal. This layer
may additionally provide control of aspects of the wireless terminal from the base
station and may include functions to control radio bearers, physical channels, mapping
of different channel types, measurement and other functions.

[0049] To ensure proper handling of data packets transmitted, various
protocols may be implemented to allow the wireless terminal and the base station to
coordinate data packet transmission. One such protocol used in UMTS is the Radio
Link Control (RLC) protocol specified in 3GPP TS 25.322. According to the RL.C
protocol, a radio link may be configured by the base station to operate in
“acknowledged mode (AM)”. For example, a data packet transmitted by a wireless
terminal may be acknowledged by a base station. The acknowledgement may be
transmitted from the base station once the data packet is received at the base station. In
some implementations, it may be desirable to transmit acknowledgements from the base
station in batches to the wireless terminal. For example, a wireless terminal may
transmit an indicator to the base station (e.g., in a header field) indicating a request for
acknowledgement of the data packets received by the base station. The rules for
transmitting the acknowledgment indicator (poll bit) are configurable by the base
station. For example, in some implementations the base station may specify an
acknowledgement request frequency period during which the wireless terminal may

request acknowledgement of packets received by the base station.
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[0050] The wireless terminal may compare the acknowledged data packets
with a list of data packets transmitted. The wireless terminal may retransmit any data
packets that the base station has not acknowledged. In some instances, if a packet has
been unsuccessfully retransmitted (e.g., no acknowledgement received) a specified
number of times, the wireless terminal may be configured to attempt to reset the
communication link with the base station. In some instances, wireless communication
conditions may cause either the packet including the acknowledgement request to fail to
reach the base station or the acknowledgement signal to reach the wireless terminal.

[0051] Wireless communication conditions may prevent the wireless
terminal and base station from exchanging the appropriate signals to reset the
communication link. In some instances, if the wireless terminal attempts a specified
number of resets and is unsuccessful, the wireless terminal may be configured to
disconnect from the base station under the assumption that the communication link with
the base station is irreparable. If the wireless terminal has an active MRAB connection,
the wireless terminal may disconnect not only the data communication portion but also
the voice communication portion even though the faulty link is the data communication
link.

[0052] Thus, one cause contributing to higher dropped connection rates for
MRAB connections (e.g. simultaneous voice and data connections) as compared to
single RAB connections (e.g. voice only connection) is a failure of acknowledgement
exchanges between the wireless terminal and the base station over the data
communication link during poor wireless communication conditions. The wireless
communication conditions may be suitable for voice connections; however, the wireless
terminal may be configured to reset the all wireless connections when a failure occurs
on only one wireless connection. Accordingly, one method to reduce dropped wireless
connections at the wireless terminal may include altering the acknowledgement
expectations of the wireless terminal and/or the base station based on the type of call
and the wireless communication conditions.

[0053] Another mode of operation of the RLC protocol configurable by the
base station is “unacknowledged mode (UM)”. In this mode, a data packet transmitted
by a wireless terminal need not be acknowledged by the base station hence the wireless
terminal need not transmit an indicator to the base station (e.g., in a header field)

indicating a request for acknowledgement of the data packets received by the base
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station. Consequently, the packet header associated with the UM does not contain the
acknowledgment indicator.

[0054] Yet another mode of operation of the RLC protocol proposed in this
invention is the “device-initiated UM”. This mode is a variation of the acknowledged
mode and uses the packet header format associated with the acknowledged mode. In the
device-initiated UM mode the device unilaterally modifies the rules for transmitting the
acknowledgment indicator configured by the base station by not transmitting the
acknowledgment indicator. As a result, the device will not have expectations with
respect to receiving acknowledgments from the base station for the transmitted packets.
Consequently, the radio link will never need to be reset and the radio link failures due to
missing acknowledgments will never occur.

[0055] FIG. 3 shows an exemplary flowchart illustrating an implementation
of a method of wireless condition based communication in a wireless terminal. The
method 300 begins at block 305 where a multi radio access bearer call is initiated and
the RLC protocol controlling the data radio bearer is configured to operate in
acknowledged mode. At block 310, the quality of the wireless communications is
determined. The quality of the wireless communication may be determined based on a
wireless signal quality factor (e.g., received signal code power, received signal strength,
pilot channel quality, channel quality indicator), a block error rate (e.g., physical layer,
medium access control layer, radio link control layer), the number of packets re-
transmitted by the wireless terminal, the number of packets acknowledged by the base
station, the number of packets unacknowledged by the base station, the occurrence of a
radio link control layer reset, the transmit power of the device exceeding a threshold, or
other indicia of poor wireless communication conditions. In some implementations, a
controller may obtain the various quality indicators directly or indirectly from one or
more detectors. A detector may provide the quality indicators by storing the detected
quality indicators in a memory. The quality may be discrete or be an aggregated
assessment (e.g., average values for a factor, composite calculation including multiple
factors).

[0056] At decision block 315, the quality determined is assessed to
determine if a switch in communication mode is appropriate. For example, a processor
may compare the quality determined with a threshold wireless quality level stored in a

memory. In the case where the quality indicates a condition wherein a switch is not
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needed, the method 300 continues to decision block 320. At decision block 320 the
method 300 determines whether the call is still active. If the call is active, the method
300 returns to block 310 to again assess the quality of the wireless communications. In
some configurations, a timer may be included such that the determination of block 310
is performed at a specified interval.

[0057] Returning to block 315, if the quality indicates a condition wherein a
switch is needed, the method 300 continues to block 325. At block 325, the current
radio link control (RLC) mode for the data radio bearer in the wireless terminal is
determined. According to one implementation, the modes for the wireless terminal may
include: a device-initiated unacknowledged mode, or acknowledged mode configured
initially by the RAN.

[0058] At block 330, if the current RLC mode is the acknowledged mode,
the method 300 continues to block 335. At block 335, the wireless terminal is
configured to switch to device-initiated UM by setting an acknowledgement indicator
unconditionally on packets transmitted to the base station such that no
acknowledgement is requested from the base station. Conversely, returning to block
330, if the current RLC mode is device-initiated UM, the method continues to block
340. At block 340, the wireless terminal is configured to set an acknowledgment
indicator in accordance with the network configuration.

[0059] FIG. 4 is a flowchart illustrating another implementation of a method
of transmission power control in a wireless terminal. The method 400 begins at block
402 where the wireless terminal establishes a wireless communication link. At block
404, the wireless terminal alters an acknowledgement indicator transmitted via the
wireless communication link. The indicator may be altered based on the condition of
the wireless communication link, such as those quality factors discussed above, and the
type of wireless communication (e.g., MRAB).

[0060] FIG. 5 shows an exemplary functional block diagram of another
wireless terminal. Those skilled in the art will appreciate that a wireless terminal may
have more components than the simplified wireless terminal 500 illustrated in FIG. 5.
The wireless terminal 500 includes only those components useful for describing some
prominent features of implementations within the scope of the claims. Wireless
terminal 500 includes an establishing circuit 530, an altering circuit 540, a transmitting

circuit 550, and an antenna 560. In one implementation the establishing circuit 530 is
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configured to establish a wireless communication link. In one implementation, means
for establishing includes an establishing circuit 530. In one implementation, the altering
circuit 540 is configured to alter an acknowledgement indicator used by the transmitting
circuit base in part on a condition of the wireless communication link and a type of
wireless communication. In some implementations, the means for altering includes an
altering circuit 540. The transmitting circuit 550 may transmit data, including the
acknowledgement indicator, to a base station via the antenna 560. In one
implementation, means for transmitting includes a transmitting circuit 550.

[0061] A wireless terminal may comprise, be implemented as, or known as
user equipment, a subscriber station, a subscriber unit, a mobile station, a mobile phone,
a mobile node, a remote station, a remote terminal, a user terminal, a user agent, a user
device, or some other terminology. In some implementations a wireless terminal may
comprise a cellular telephone, a cordless telephone, a session initiation protocol (SIP)
phone, a wireless local loop (WLL) station, a personal digital assistant (PDA), a
handheld device having wireless connection capability, or some other suitable
processing device connected to a wireless modem. Accordingly, one or more aspects
taught herein may be incorporated into a phone (e.g., a cellular phone or smart phone), a
computer (e.g., a laptop), a portable communication device, a portable computing
device (e.g., a personal data assistant), an entertainment device (e.g., a music device, a
video device, or a satellite radio), a global positioning system device, or any other
suitable device that is configured to communicate via a wireless medium.

[0062] A base station may comprise, be implemented as, or known as a
NodeB, an eNodeB, a radio network controller (RNC), a base station (BS), a radio base
station (RBS), a base station controller (BSC), a base transceiver station (BTS), a
transceiver function (TF), a radio transceiver, a radio router, a basic service set (BSS),
an extended service set (ESS), or some other similar terminology.

[0063] In some aspects a base station may comprise an access node for a
communication system. Such an access node may provide, for example, connectivity
for or to a network (e.g., a wide area network such as the Internet or a cellular network)
via a wired or wireless communication link to the network. Accordingly, a base station
may enable another node (e.g., a wireless terminal) to access a network or some other
functionality. In addition, it should be appreciated that one or both of the nodes may be

portable or, in some cases, relatively non-portable.



WO 2013/039596 PCT/US2012/045334

17

[0064] Also, it should be appreciated that a wireless node may be capable of
transmitting and/or receiving information in a non-wireless manner (e.g., via a wired
connection). Thus, a receiver and a transmitter as discussed herein may include
appropriate communication interface components (e.g., electrical or optical interface
components) to communicate via a non-wireless medium.

[0065] A wireless terminal or node may communicate via one or more
wireless communication links that are based on or otherwise support any suitable
wireless communication technology. For example, in some aspects a wireless terminal
may associate with a network. In some aspects the network may comprise a local area
network or a wide area network. A wireless terminal may support or otherwise use one
or more of a variety of wireless communication technologies, protocols, or standards
such as those discussed herein (e.g., CDMA, TDMA, OFDM, OFDMA, WiMAX, Wi-
Ii, and so on). Similarly, a wireless terminal may support or otherwise use one or more
of a variety of corresponding modulation or multiplexing schemes. A wireless terminal
may thus include appropriate components (e.g., air interfaces) to establish and
communicate via one or more wireless communication links using the above or other
wireless communication technologies. For example, a wireless terminal may comprise a
wireless transceiver with associated transmitter and receiver components that may
include various components (e.g., signal generators and signal processors) that facilitate
communication over a wireless medium.

[0066] It should be understood that any reference to an element herein using

a designation such as "first," "second," and so forth does not generally limit the quantity
or order of those elements. Rather, these designations may be used herein as a
convenient method of distinguishing between two or more elements or instances of an
element. 'Thus, a reference to first and second elements does not mean that only two
elements may be employed there or that the first element must precede the second
element in some manner. Also, unless stated otherwise a set of elements may comprise
one or more elements.

[0067] Those of skill in the art would understand that information and
signals may be represented using any of a variety of different technologies and

techniques. For example, data, instructions, commands, information, signals, bits,

symbols, and chips that may be referenced throughout the above description may be



WO 2013/039596 PCT/US2012/045334

18

represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

[0068] Those of skill would further appreciate that any of the various
illustrative logical blocks, modules, processors, means, circuits, and algorithm steps
described in connection with the aspects disclosed herein may be implemented as
electronic hardware (e.g., a digital implementation, an analog implementation, or a
combination of the two, which may be designed using source coding or some other
technique), various forms of program or design code incorporating instructions (which
may be referred to herein, for convenience, as "software" or a "software module), or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

[0069] The various illustrative logical blocks, modules, and circuits
described in connection with the aspects disclosed herein may be implemented within or
performed by an integrated circuit (IC), a wireless terminal, or a base station. The IC
may comprise a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components, mechanical components, or
any combination thereof designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC, outside of the IC, or both. A
general purpose processor may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.

[0070] It is understood that any specific order or hierarchy of steps in any

disclosed process is an example of a sample approach. Based upon design preferences, it
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is understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hierarchy presented.

[0071] The functions described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the functions may be
stored on or transmitted over as one or more instructions or code on a computer-
readable medium. Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer
program from one place to another. A storage media may be any available media that
can be accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium
that can be used to carry or store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media. In summary, it should be appreciated that a computer-readable medium
may be implemented in any suitable computer-program product.

[0072] The above description is provided to enable any person skilled in the
art to make or use implementations within the scope of the appended claims. Various
modifications to these aspects will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other aspects without departing
from the scope of the disclosure. Thus, the present disclosure is not intended to be
limited to the aspects shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.
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WHAT IS CLAIMED IS:

1. A device configured to communicate via a wireless communication link, the
device comprising:
a controller configured to provide an acknowledgement indicator, the
controller further configured to adjust the acknowledgement indicator based in
part on a condition of the wireless communication link and a type of wireless

communication that is being transmitted by the device.

2. The device of Claim 1, wherein the condition of the wireless communication
link comprises a quality of a wireless signal received by the device, an error rate for
signals received by the device, a number of packet re-transmissions from the device, a

current transmit power of the device and a reset of the wireless communication link.

3. The device of Claim 1, wherein the type of wireless communication is a

multiple radio access bearer communication.

4. The device of Claim 1, wherein the acknowledgement indicator comprises a

bit in a packet header field.

5. The device of Claim 1, wherein the wireless communication link comprises

a universal mobile telecommunication system.

6. The device of Claim 1, wherein the wireless communication link comprises a

3G system.

7. A method of wireless communication, comprising:

establishing a wireless communication link; and

altering an acknowledgement indicator transmitted via the wireless
communication link based in part on a condition of the wireless communication

link and a type of wireless communication being transmitted.

8. The method of Claim 7, wherein altering the acknowledgement indicator is

based on a multiple radio access bearer wireless communication type.
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9. The method of Claim 7, wherein altering the acknowledgement indicator
based on the condition of the wireless communication link comprises altering the
acknowledgement indicator based on at least one of a quality of a wireless signal
received by the device, an error rate for signals received by the device, a number of

packet re-transmissions from the device, and a reset of the wireless communication link.

10. The method of Claim 7, wherein altering the acknowledgement indicator

comprises altering a packet header value.

11. A device configured to communicate via a wireless communication link,
the device comprising:
means for establishing the wireless communication link; and
means for altering an acknowledgement indicator transmitted via the
wireless communication link based in part on a condition of the wireless
communication link and a type of wireless communication being transmitted by

the device.

12. The device of Claim 11, wherein the means for altering are configured to
alter the acknowledgement indicator based on a multicast radio access bearer wireless

communication type.

13. The device of Claim 11, wherein the means for altering are configured to
alter the acknowledgement indicator based on at least one of a quality of a wireless
signal received by the device, an error rate for signals received by the device, a number
of packet re-transmissions from the device, and a reset of the wireless communication

link.

14. The device of Claim 11, wherein the means for altering the

acknowledgement indicator comprises means for altering a packet header value.

15. A non-transitory computer readable storage medium comprising
instructions that, when executed by a processor of an apparatus, cause the apparatus to:

establish a wireless communication link; and
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alter an acknowledgement indicator transmitted via the wireless
communication link based in part on a condition of the wireless communication

link and a type of wireless communication being transmitted by the apparatus.

16. The computer readable storage medium of Claim 15, wherein altering the
acknowledgement indicator comprises altering the acknowledgement indicator based on

a multicast radio access bearer wireless communication type.

17. The computer readable storage medium of Claim 15, wherein altering the
acknowledgement indicator comprises altering the acknowledgement indicator based on
at least one of a quality of a wireless signal received by the device, an error rate for
signals received by the device, a number of packet re-transmissions from the device, and

a reset of the wireless communication link.

18. The computer readable storage medium of Claim 15, altering the

acknowledgement comprises altering a packet header value.
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