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(57) Abstract: Systems and
methods are provided for
transmitting and  receiving
an uplink state flag (USF) in
a cellular network. A base
station may transmit the USF
to plurality of mobile stations
that share the same frequency
channel, and each mobile
station can use the USF to
determine whether that mobile
station can transmit data in an
upcoming uplink time period.
The base station can encode
the USF bits into a plurality of
encoded USF symbols, where
the encoded USF symbols
may be selected from corner
signal points in a QAM signal
constellation set or from signal
points adjacent to the corners of
a QAM signal constellation set.
The base station can interleave
the encoded USF symbols
and modulate the encoded
USF symbols for transmission
using the signal constellation
set. A mobile station that
can  communication  with
the base station can include
a corresponding  receiver,
de-interleaver, and decoder.
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Cross-Reference to Related Applications

foo01] This claims the benefit under 35 U.S.C. §119(e)
of U.S. Provisional Application Nos. 60/896,023, filed
March 21, 2007, 60/896,115, filed March 21, 2007,
60/912,560, filed April 18, 2007, and 60/943,960, filed
June 14, 2007, which are hereby incorporated by reference

herein in their entirety.

Background of the Invention

{0002] The disclosed technolcgy relates generally to
cellular networks, and more particularly toc transmitting
and receiving uplink state flag (USF) information using
the cellular network. |

[0003] Cellular telephones have become an increasingly
popular communications tool. To support cellular
communication, cellular networks provide a plurality of
base stations that can each transmit and receive
information to and from multiple cellular telephones over
wireless channels. However, available physical

communication resources may be limited, and therxefore the
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multiple cellular telephones may need to communicate with
the base station using the same frequency channel.
Various cellular protocols have been developed tc allow
multiple cellular telephones to share a physical
resource. In some protocols, an uplink state flag (USF)
that is transmitted by a base station is employed to
schedule uplink traffic from a particular mobile station
to the base station. Conventionally, USFs are strongly
encoded and employ encoding schemes that are based on

Hamming distance to ensure reliability.

Summary of the Invention

[0004] Systems and methods are provided for
transmitting scheduling information in the form of an
uplink state flag (USF) from a base station to a mobile
station, and for processing the USF at the mobile
station.

[0005] A cellular network can include a plurality of
base stations and a plurality of mobile stations. Each
base station may be at a fixed location, and méy
communicate with mobile stations that are within radio
communication range of that base station. A cellular
telephcone is one type of a mobile station. The region of
radio coverage may be referred to as a radio cell. Each
mobile station in a radic cell may be assigned a wireless
channel to communicate with the base station. |
[oo06] Some of the mcbile stations in the same radio
cell may be assigned the éame wireless channel by the
base station, and the cellular network can grant access
to the shared channel to one of the mobile stations at

any given time. The base station can transmit uplink
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scheduling information to all of the mobile staticns in
the form of an uplink state flag (USF) as part of a
downlink transmission. The USF may be, for example,
three bits that can correspcond to a three-bit
identification code of one of the mobile stations. The
USF can be transmitted along with other data (e.g., any
suitable type of packet data) that may or may not be
intended for the same mobile station that the three-bit
identification code is associated with. With a three-bit
identification code, the base station can allow seven
mobile stations to share the same wireless channel,
leaving an additional code that may be used to enable any
of the mobile staticns to transmit unscheduled requests.
This unscheduled option may be referred to as a random
access configuration.

[0007] To transmit network information, including the
USF bits, to the mobile stations, the base station can
include an encoder, a modulator, and a transmitter (e.g.,
a network interface and/or wireless antennas). In some
embodiments, the base station can also include an
interleaver. The encoder can include a USF encoder
configured to convert the USF bits into a plurality of
encoded USF symbols, referred to sometimes as a USF
codeword. For example, the USF encoder can encode three
USF bits into 12 or 16 encoded symbols. The symbols may
each be of M bits, where M can be greater than one.

{oo08] The USF encoder may employ a USF codebook. The
ccdebock may specify the particular USF codeword that
results from encoding a particular USF. Each USF

codeword in the codebook may include a plurality of

PCT/1IB2008/002881
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symbols, where each symbol in any of the possible USF
codewords may correspond to a signal point that is
located at or adjacent to a corner of a gquadrature
amplitude modulation (QAM) signal constellation set with
2" signal points. The QAM signal constellation set may
be, for example, a 16QAM or 32QAM signal set with 16 or
32 signal points, respectively. The corner or nearly
corner signal points employed by the USF codebook may be
selected from any suitable subset or set of available
corner and/or nearly corner signal points in the QAM
constellation set. For example, the USF encoder may
encode a USF using the symbol values for two or more
(e.g., 4, etc.) corner signal points and/or for two or
more (e.g., 4, 8, 16, etc.) signal points that are
adjacent to corners. As described in greater detail
below, using corner or nearly signal points can provide
added resiliency to noise when the USF codeword is
transmitted.

[0009] The base station can include an interleaver
that interleaves the encoded network information produced
by the encoder. The encoded network information may be
grouped into bursts, and the interleaver can spread the

plurality of encoded USF symbols of the USF codeword

evenly between the bursts. For example, the interleaver

can spread 12 encoded USF symbols such that each of four
bursts includes three of the encoded USF symbols.

[0010] The interleaved USF symbols may then be
modulated by a modulator into radio signals capable of
being transmitted to mobile stations. The modulator can

modulate the interleaved USF symbols based on the QAM
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modulation scheme with 2" signal points used by the USF
encoder. Because corner signal points or signal points
adjacent to corners are selected for use, as described
above, the symbol values used by the USF encoder to
encode the USF may'correspond to signal points in the
signal constellation set that are separated by a
relatively large Euclidean distance compared to other
pairs of signal points in the QAM signal set. In some
embodiments, the symbol values may correspond to signal
points located at antipodal locations in the QAM signal
constellaticon set, which may be the signal points in the
QAM signal constellation set furthest apart as possible
from each other. Thus, as described above, with such a
large Euclidean distance separating these signal values,
the signal values can be more easily distinguished and
interpreted by a mobile station receiving the radio
signals, and therefore is more resilient to any noise
that may occur during transmission.

[0011] One or more mobile stations may receive the
radio signals transmitted by the base station. The
mobile stations may interpret the signals to obtain,
among other things, the uplink scheduling information
included in the transmission. To interpret the radio
signals received from the base station, a mobile station
can include a receiver, a decoder, and sometimes a
de-interleaver. Each of these components may be matched
to their corresponding components in the base station.
For example, the receiver may be matched to the
trahsmitter and/or modulatecr, and can be configured to

receive and demodulate the radic signal based on the same

PCT/1IB2008/002881
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signal constellation set and modulation scheme._ In some
embodiments, the receiver may provide scft information
for the transmitted bits or symbols in the form of, for
example, a log-likelihood ratio (LLR) for each symbol.
The de-interleaver may reorder the resulting soft
information to return the symbols to their originél
order. The decoder can include a USF decoder that may
recover an estimate of the USF based on the same codebock
used by the USF encoder. That is, the USF decoder may
employ a USF codeboock that is defined by a subset of
symbel values from the same QAM constellation set, where
the subset is selected from among symbols values that
each correspond to a signal point located at or adjacent
to a corner of the QAM constellation set.

[0012] Each mobile station may use the USF estimate
produced by its USF decoder to determine whether that
mebile station has been granted access to the shared
channel in an upcoming uplink time periocd. The mobile
station may include hardware, software, or firmware-based
computational logic to compare the USF estimate with a
temporary identification assigned to the mobile station
by the cellular network. If the USF estimate matches the
temporary identification, the mobile station may transmit
data on the next uplink time period. Otherwise, the
mobile station does not transmit data on the next uplink
time period, and allows another mobile station using the
same channel to transmit information to the base station

instead.

PCT/1IB2008/002881
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Brief Description of the Drawings

[0013] The above and other aspects and advantages of
the invention will be apparent upon consideration of the
following detailed description, taken in conjunction with
the accompanying drawings, in which like reference
characters refer to like parts throughout, and in which:
[0014] FIG. 1 is a gimplified schematic diagram of one
radio cell of a cellular network that includes a base
station with a USF encoder employing the disclosed

technology;

[0015] FIG. 2 is a simplified schematic of network
information that can include USF information and can be
encoded using a constellation-corner-based encoding
scheme;

[0016] FIG. 3 is a simplified block diagram of an
illustrative base station transmitter that can transmit
the network information of FIG. 2, including
constellation-corner-encoded USF information;

[0017] FIG. 4A is a table shdwing an illustrative
codebook for encoding a USF into 12 symbols using a
constellation-corner encoding scheme in accordance with
an embodiment of the present invention;

[0018] FIG. 4B is a table showing an illustrative
codebook for encoding a USF into 16 symbols using a
constellation-corner encoding scheme in accordance with
an embodiment of the present invention;

[0019] FIG. S5A is a table showing an illustrative
codebook for encoding a USF into 12 symbols using a
constellation-corner encoding scheme in accordance with

an embodiment of the present invention;
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[0020] FIG. 5B is a table showing an illustrative
codeboock for encoding a USF into 16 symbols using a
constellation-corner encoding scheme in accordance with
an embodiment of the present invention;

[0021] FIGS. 6A and 6B are tables showing illustrative
symbol positions of the encoded USF symbols for various
protocols and symbol sizes in accordance with various
embodiments of the present invention;

[0022] FIG. 7A is a 16QAM signal constellation set
showing various illustrative symbol values that can be
used to transmit the encoded USF symbols in acccrdance
with various embodiments of the present invention;
[0023] FIG. 7B is a 32QAM signal constellation set
showing various illustrative symbol values that can be
used to transmit the encoded USF symbols in accordance
with various embodiments of the present invention;
[0024] FIG. 8A is a 16QAM signal constellation set
showing various illustrative symbol values that can be
used to transmit the encoded USF symbols in accordance
with various embodiments of the present invention;
[0025] FIG. 8B is a 32QAM signal constellation set
showing various illustrative symbol values that can be
used to transmit the encoded USF symbols in accordance
with various embodiments of the present invention;
[0026] FIG. 9 is a simplified block diagram of a
mobile station receiver;

[0027] FIG. 10 is a block diagram of an illustrative
cellular telephone that caﬁ employ the disclosed

technology; and
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[0028] FIG. 11 is a flow diagram of an illustrative
process for decoding received network information,
including a USF, and transmitting data on an upcoming

uplink time pericd based on the USF.

Detailed Description of the Invention

(0029] FIG. 1 shows an illustrative cellular

system 100. Cellular system 100 can include a plurality
of base stations that are interconnected tc form a mobile
or cellular network. For example, cellular system 100
can include base station 102. Base station 102 may be
configured to communicate with mobile stations within its
radio communication range via radio signals. Radic

cell 101 may represent the physical area that lies within
the radio communication range of base station 102.

[0030] Base station 102 may be able to communicate
with mobile station 104 ("MS1") and mobile station 106
("MS2"), which are both located within radio cell 101,
and with other mobile stations that are also within radic
cell 101 (not shown). For example, base station 102 may
broadcast information to both mobile station 104 and 106,
as well as to the other mobile station in range, and each
of the mobile stations may be cperable to transmit
information to base station 102. Transmissions from base
station 102 to mobile stations 104 and 106 may sometimes
be referred to as downlink transmissions, while
transmissions from mobile stations 104 and 106 to base
station 102 may sometimes be referred to as uplink
transmissions.

[0031] Mobile station 104 and mobile station 106 may

be any suitable type of cellular telephones compatible
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with the mobile network of cellular system 100. For
example, mobile stations 104 and 106 can operate based on
a protocol or communications standard compatible with
base station 102. In some embodiments, the mobile
network may use the EGPRS2 Downlink ("DL") protocol. The
EGPRS2 DL protoccl may define, for example, various
coding and modulation properties that allow cellular
communication to occur reliably and at a high data rate.

In some embodiments, using a version of the EGPRS2 DL

protocol referred to sometimes as EGPRS2 Downlink Level A

("EGPRS2-A DL"), communication between base station 102
and mobile stations 104 and 106 may occur at a data rate
of 270.8 kilosymbols/second (ksym/sec) (e.g., the legacy
symbol rate (LSR) for the EGPRS2 DL protocol). In other
embodiments, the mobile network may cperate using a
different version of the EGPRS2 Downlink protoccl kncwn
sometimes as EGPRS2 Downlink Level B ("EGPRS2-B DL"),
which specifies cellular transmissions at 325 ksym/sec
(or 1.2 times the legacy rate). This higher data rate
may be referred to as the high symbol rate (HSR) for the
EGPRS2 DL protocol.

[0032] In other embodiments, the mobile network
illustrated in FIG. 1 can employ a protccol other than a
EGPRS2 DL protocol, such as a modified form of the EGPRS2
DL protocol. For example, the mobile network may employ
a modified protocol that may sometimes be referred to as
the Reduced symbol Duration, Higher Order mocdulation and
Turbo codes (RED EOT) protocol. Like the EGPRS2 DL
protocols, RED HOT méy have two versions - RED HOT A and
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RED HOT B, which operate using the legacy and higher
symbol rates described above, respectively.

[0033] To communicate with the mobile network, both
mobile stations 104 and 106 may need to transmit |
information to base station 102. However, mobile
stations 104 and 106 may operate using the same
communications channel, as allocated by the mobile
network. For example, mobile stations 104 and 106 may
transmit radio signals to base station 102 that occupy
the same frequency range. In accordance with some
cellular telephone communications protocols, in order for
base station 102 to be able to interpret the information
contained within that shared frequency range, only one of
these mobile stations may transmit data at a given time.
[0034] The mobile network may thus schedule uplink
transmissions among mobile stations that share the same
channel (e.g., mobile stations 104 and 106) so that only
one of the mcbile stations is permitted tc transmit data
to base station 102 at any given time. The mobile
network may divide transmission time into time
blocks/periods and allocate each uplink time block to one
of these mobile stations, allowing that one mobile
station to transmit data to base staticon 102 during the
uplink time block. In some embodiments, tc distinguish
between the various mobile stations, the mobile network
may assign each mobile station a different temporary
identification. At each time block, the mobile network
may direct base station 102 to broadcast one of the
temporary identifications to all cf the mobile stations

in range that share the same physical resource (e.g.,
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frequency channel). The mobile staticn matching the
transmitted temporary identification may then transmit
data to base station 102 on the uplink in the next time
block or in a predetermined sequence of upcoming time
blocks. The flag transmitted from base station 102 that
corresponds to a mobile station's temporary
identification may be referred to as an uplink state flag-
(USF), and is indicative of a schedule for a forthcoming
uplink.

[0035] ° BRBase station 102 may transmit the USF along
with other data intended for a particular mobile station.
The data and the USF may be decoupled from one another.
That is, the data may be intended for one mobkile station
while the USF grants a different mobile station access to
the shared resource in an upcoming uplink block/pericd.
For the example illustrated in FIG. 1, in the current
downlink transmission, base station 102 may broadcast
signals that are received by both mcbile station 104 and
mobile station (as well as any other mobile stations in
radio cell 101), where the data is intended for mobile
station 106 (MS2), but the uplink state flag corresponds
to the temporary identification of mocbile station (MS1).
[0036] To effectively transmit uplink state flags to
mobile stations in radic cell 101 (e.g., MS1 and MS2),
base station 102 can include USF encocder 103. USF
encoder 103 may embody the encoding that base station 102
performs on the USF prior to transmission. To ensure
transmission reliability, USF encoder 103 may strongly
encode the USF. To provide additional reliability

compared to prior cellular systems, USF encoder 103 may
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operate based on a constellation-corner-based encoding

" scheme rather than a conventional Hamming-distance based

scheme. Examples of constellation-corner-based encoding
schemes that may be employed by base station 102 are
described in greater detail below in connection with
FIGS. 7A, 7B, 8A and 8B.

[0037] FIG. 2 shows an illustrative schematic diagram
of the information that a base station (e.g., base
station 102) may transmit on a downlink. The information
transmitted by a base station may sometimes be referred
to as network information. Network inforﬁation 200 can
include data 208, USF 206, and a header. Data 208 may be
any suitable information intended for one or more mobile
stations, such as packet data from another telephone. '
The header may include any necessary information that
allows the one or mobile stations to interpret data 208.
For example, the header can include radioc link
control/medium access control (RLC/MAC) header 202 and
other header information 204. RLC/MAC header 202, for
example, may set the communication protocol used for the
downlink transmission.

[(0038] USF 206 may be the uplink state flag that is
encoded by USF encoder 103 of FIG. 1. That is, USF 206
may be the flag that gives one of the mobile stations in
radio cell 101 (e.g., mobile stations 104 or 106) the
permission to transmit on one or more upcoming uplink
time periods. USF 206 in a downlink transmission may or
may not be intended for the same mcbile station which

data 208 is intended. In some embodiments, USF 206 may

be composed of three bits. In this scenario, each mobile
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station may have a temporary identification cf three
bits, which would allow 2°-1=7 mobile stations to share
the same channel (e.g., frequency channel) in a
particular radioc cell, where the remaining USF
combination may be reserved for the random access network
configuration.

[0039] FIG. 3 shows a simplified block diagram of
illustrative base station transmitter 300 that may be
operable to transmit network information 302. Base
station transmitter 300 may be a more detailed
representation of a portion of base station 102 in

FIG. 1. Network information 302 may include any of the
information described above for network information 200
of FIG. 2, including a three-bit USF (e.g., USF 206).
Base station transmitter 300 can include encoder 304,
interleaver 306, and modulator 308.

[0040] Encoder 304 may encode network information 302
based on any suitable encoding scheme to produce encoded
network information. For example, encoder 304 may encode
network information 302 using the Turbo code specified by
the EGPRS2-A DL or EGPRS2-B DL protocol. Encoder 304 may
convert network information 302 into a block of symbols,
where each symbol in the block can be of size M bits.
Here, M can be any suitable positive integer (e.g., 2, 3,
4, 5, etc.). Thus, each symbol produced by encoder 304
may take on one of 2" symbol values (e.g., 4, 8, 16, 32,
etc.). The symbols in a block may be assembled intoc a
plurality of groups, referred to as bursts, that are
transmitted in separate downlink transmissions. ’For

example, for EGPRS2-A DL, one packet of network
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information 302 may be converted into a block with four
bursts of 148 symbols each.

(0041] In some embodiments, encoder 304 may include
USF encoder 305 to encode the USF bits in network
information 302. USF encoder 305 may have similar
features and functionalities as USF encoder 103 of.

FIG. 1. The resulting encoded USF symbols produced by
USF encoder 305 may be spread across the different
bursts. For example, USF encoder 305 may convert a
three—biﬁ USF into twelve symbols, where each of the four
bursts of a block may include three of the twelve encoded
USF symbols.

[0042] USF encoder 305 of encoder 304 may encode the
USF bits within network information 302 based on a
cocdebook. The codebook for USF encocder 305 may specify
all of the different possible USF codewords that can be
generated by USF encoder 305. In particular, the
codebock can specify the combination of resulting USF
encoded symbols for each possible combination of USF
bits. The codebook can be represented in a table format,
as illustrated by Table 1A -of FIG. 4A, Table 1B of

FIG. 4B, Table 2A of FIG. 5A, and Table 2B of FIG. SB.
Table 1A shows the encoding scheme of illustrative
codebook 400 that converts 3-bit USFs into 12-symbol USF
codewords spread across four bursts as may be used in RED
HOT A LSR transmissions, for example, and Table 1B shows
the encoding scheme of illustrative codebcok 450 that
converts 3-bit USFs into 16-symbol USF codewords spread
across four bursts as may be used in RED HOT B HSR

transmissions, for example. Table 2A shows the encoding

PCT/1IB2008/002881
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scheme of illustrative codebook 500 that converts 3-bit
USFs into 12-symbol USF codewords as may be used in
EGPRS2-A LSR transmissions, for example, and Table 2B
shows the encoding scheme of illustrative codebook 550
that converts 3-bit USFs into 16-symbol USF codewords as
may be used in EGPRS2-B HSR transmissions, for example.
{0043] Each row of Tables 1A, 1B, 2A, and 2B denotes
the USF codeword for one of the eight possible USF values
(e.g., from "000" to "111"). For example, the first row
of each table shows the resulting three or four encoded
USF symbols for each burst produced by USF encoder 305
when the USF value is "000," and the second row shows the
encoded USF symbols when the USF value is "001." Each
symbol of each USF codeword in these codebooks can take
on an M-bit symbol value. Although each symbol value may
actually have M binary bits (e.g., 4 bits, 5 bits, etc.),
in Tables 1A, 1B, 2A, and 2B, the different symbol values
used by USF encoder 305 are represented by decimal values
- that is, 0, 1, 2, or 3. This representation is merely
to prevent from overcomplicating the tables with showing
full M-bit symbol values.

[0044] Codebooks 400, 450, and 550 (FIGS. 44, 4B,

and 5B) produce encoded USF symbols using only one of two
symbol values for each encoded USF symbol. That is, all
of the symbol entries in Tables 1A, 1B, and 2B are one of
two decimals, e.g., 0 or 1. If M=4, the one decimal in
these tables may represent a "1111" symbol value and the
zero decimal may represent a "0011" symbol value.
Alternatively, the zero and one decimals may represent a

different pair of symbol values. Because only two symbol
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values are used for USF encoding, the codebooks for the
encoding schemes illustrated by Tables 1A, 1B, and 2B may
sometimes be referred to as binary codeboocks.

{0045] As illustrated by FIG. 5A, in some embodiments,
USF encecder 305 may employ a non-binary codebook.
Codebook 500 of FIG. 5A can specify USF codewords with
symbols drawn from four different symbol values instead
of just two. These four different symbol values are
represented in Table 2A by four different decimals, e.g.,
o, 1, 2, and 3. In some embodiments, 1f M=4, the zerc
decimal in Table 3A can represent a "0011l" symbol value,
the one decimal can represent a "0111l" symbol value, the
two decimal can represent a "1111" symbol value, and the
three decimal can represent a "1011" symbol value. These
symbol values, however, are merely illustrative, and
codebook 500 can be based on a different set of four
symbol wvalues.

[0046] Tables 1A, 1B, 2A, and 2B ﬁse only two or four
different symbol values, even though a greater number of
symbol values may be available for use by encoder 304.
That is, codebooks 400, 450, 500 and 550 may use only a
subset of the available M-bit symbol values. This subset
of symbol values may include some or all of the symbol
values that are associated with corner signal points or
signal points that are adjacent to the corners of a
signal constellation set used to generate radio

signals 310. The different subsets of symbol values that
can be used by USF encoder 305 and its codebooks will be
described below in connection with FIGS. 7A, 7B, 84,

and 8B.
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(0047] It should be understood that the codebooks of
FIGS. 4A, 4B, 52, and 5B are merely illustrative. 1In
other embodiments, for example, the symbols in each USF

codeword may be selected from a different number of

symbol values (e.g., 8 symbol values, etc.), or the
particular decimals in these tables may be
adjusted/modified.

[0048] While USF encoder 305 may encode the USF of

network information 302 using a subset of the available 2"
symbols values, cverall, encoder 304 may encode network
information 302 based on any or all of the 2" available
symbol values. For example, encoder 304 may encode the
remaining segments of network information 302 (e.g., the
RLC/MAC header or the data) using any of the available 2"
symbol values.

[00489] USF encoder 305 may implement a codebook, such
as codebook 400 (FIG. 4A), codebook 450 (FIG. 4B),
codebook 500 (FIG. 5A), or codebook 550 (FIG. 5B), using
any suitable approach. In some embodiments, USF

encoder 305 may include a loockup table that stores the
combination of symbols for each possible combination of
USF bits (e.g., each row of Tables 1A, 1B, 2A, and/or 2B)
and is addressed by the USF bits. The lookup table may
be any suitable type of memory device, such as a ROM or
RAM. In these embodiments, encoder 304 may include an
input interface that obtains the USF from network
information 302 and computational circuitry that
interfaces with the lookup table to obtain and
compute/output the appropriate USF codeword for the

current USF. The computational logic may be any suitable

PCT/1IB2008/002881
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type or combination of hardware-based, firmware-based,
and software-based logic. In other embodiments,

encoder 305 may implement a codebook using general logic
elements, such as combinational logic and registers.
[0050] Returning to FIG. 3, the encoded symbols
produced by encoder 304, including the encoded USF
symbols produced by USF encoder 305, may be interleaved
by interleaver 306, For example, interleaver 306 may
swap the ordering of the symbols such that neighboring
encoded USF symbols may be separated from cne another, or
some of the encoded USF symbols may be moved to different
bursts. In some embodiments, the encoded USF symbols may
be spread evenly into different bursts because of the
interleaving performed by interleaver 306.

[0051] Interleaver 306 may also place the encoded USF
symbols into particular symbol positions within each
burst. For example, Table 3A of FIG. 6A provides
illustrative symbol positions that may be used for
different RED HOT implementations, and Takle 3B of

FIG. 6B provides illustrative symbol positions that may
be used for different EGPRS2 DL implementation.

Referring first to Table 3A of FIG. 6A, the first row
represents the symbol positions of the encoded USF
symbols for each burst when base station transmitter 300
implements RED HOT A with 12-symbol USF enceding. Each
burst of a RED HOT A transmission may include 148
symbols, and each position may be referred to by a symbol
position from 0 to 147. Thus, the first row of Table 3

shows that interleaver 306 may position the three encoded

PCT/1IB2008/002881
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USF symbols in each burst at symbols positions 59, 60,
and 88 of the burst.

[0052] The second and third rows of Table 3A in
FIG. 6A illustrate symbol positions for the RED HOT B
protocol. A burst of a RED HOT B transmission may

include 177 symbols. Thus, as illustrated in the 'second

row of Table 3A, the symbel positions of the three

encoded USF symbols when 12-symbol encoding is used may
be at positions 70, 71, and 103. As illustrated in the
third row of Table 3, the symbol positions of the four
encoded USF symbols when 1l6-symbol encoding is used may
be positions 70, 71, 103, and 104.

[0053] Referring now to the EGPRS2 DL example of

Table 3B in FIG. 6B, the first row of Table 3B of FIG. 6B
represents the symbol positions of the encoded USF
symbols for each burst when base station transmitter 300
implements EGPRS2-A DL with 12-symbol USF encoding. Each
burst of a EGPRS2-A DL transmission may include 148
symbols, and each position in the burst may be referred
to by a symbol position from 0 to 147. Thus, the first
row of Table 3 shows that, in one embodiment,

interleaver 306 may position the three eﬁcoded USF
symbols in each burst at symbols positions 87, 88, and 89
of the burst.

[0054] The second row cf Table 3B in FIG. 6A
illustrates symbol positions for the EGPRS2-B DL protocol
with 16-symbol USF encoding. A burst of a EGPRS2-B DL
transmission may include 177 symbols. Thus, the USF |
symbol positions of the four encoded USF symbols may be
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positions 104, 105, 106, and 107 when base station
transmitter 300 implements a EGPRS2-B DL protocol.

[0055] It should be understood that the symbol
positions illustrated in Table 3A and 3B.are merely
illustrative, and that any other suitable positions may
be utilized in variocus embodiments of interleaver 306.
In other embodiments, base station transmitter 30C may
not include an interleaver at all.

{0056] Referring again to FIG. 3, base station
transmitter 300 can include modulator 308. Mcdulator 308
can convert the interleaved symbols produced by
interleaver 306 into radio signals 310 suitable for
downlink transmission. Modulator 308 may operate using
any suiltable modulation scheme, such as any of those
supported by the EGPRS2 DL protccol. In some
embodiments, modulator 308 may modulate symbols using
quadrature amplitude modulation (QAM) or phase shift
keying (PSK). For example, for EGPRS2-A DL,

modulator 308 can modulate the interleaved symbols based
on 16QAM, 32QAM, GMSK, or 8PSK, and for EGPRS2-B DL,
modulator 308 can modulate based on 16QAM, 32QAM, B8PSK,
or QPSK. The size or dimension of the modulation scheme
used by modulator 308 may correspond to the symbol-size,
M. For instance, if M=4, modulator 308 may use a
modulation scheme with 2"=16 signal constellation points
(e.g., 16QAM).

[0057] As described above, USF encoder 305 may produce
USF codewords that are made up of symbolé that have
symbol values selected from a subset of the 2" available

symbol values. Therefore, modulator 308 modulates the
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encoded and interleaved USF symbols using a subset of the
available signal constellation points in the signal
constellation set of the implemented modulation scheme.
In some embodiments, the subset of symbol values that are
used to generate all of the encoded USF symbols may
correspond to corner signal constellation points in the
signal constellation set. Examples of such embodiments
are described below in connection with FIGS. 7A and 8A.
In other embodiments, the subset of symbol values that
are used to generate all of the encoded USF symbols may
correspond to signal constellation points that are
adjacent to the corners of the signal constellation set.
Examples of these other embodiments are described below
in connection with FIGS. 7B and 8B. Since the selected
symbol values generated by USF encoder 305 and modulated
by modulator 308 are based on corner or nearly corner
positions of a signal constellation set, the encoding
scheme used by base station transmitter 300 (and more
particular USF encoder 305) may be referred to as a
constellation-corner-based enceding scheme.

[o058] FIGS. 7A and 7B illustrate QAM signal
constellation sets of two QAM modulation schemes that can
be implemented by modulator 308, as well as the signal
points that can be used to transmit a USF codeword when a
USF encoder 305 employs a binary codeboock. These figures
will be described with reference to the components of
base station transmitter 300 of FIG. 3 (e.g.,

modulator 308, USF encoder 305). Referring first to

FIG. 7A, signal constellation set 700 is shown for a QAM

modulation scheme, where M=4 (e.g., a 16QAM modulation
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scheme). This 16QAM signal constellation set may be
implemented by modulatcr 308 in the EGPRS2-B DL protocol
or in either RED HOT implementations. Each signal point
in signal constellation set 700 (or the signal
constellation sets in FIGS. 7B, 8A, and 8B) may be
associated with a particular M-bit symbol. 1In
particular, in FIG. 7A, signal constellation set 700
includes 16 signal constellation points, where each
signal point is associated with a different four-bit
symbol. Signal constellation set 700 may be illustrated
in a complex number plane, where each signal point and
associated symbol value is represented by a "+" in the
complex number plane. In the complex number plane, the
horizontal axis is the real axis and the vertical axis is
the imaginary axis. Thus, the signal points in signal
constellation set 700 can illustrate the magnitude and
phase that radio signals 310 may take on when

modulator 308 transmits different symbol wvalues.

[(0059] As described above, modulator 308 may select
corner signal points in a signal constellation set for
use in modulating a USF codeword. For example, when USF
encoder 305 employs a binary codebook, the two symbol
values used in each USF codeword may be "0011" and
"1111," which correspond to the upper-right corner and
lower-left corner signal points, respectively, of 16QAM
signal constellation set 700. The corresponding signal
points in signal constellation set 700 are circled for
emphasis. Continuing this example, if USF encoder 305
operates based on the binary codebock defined by

Tables 1A, 1B, or 2B of FIGS. 4A, 4B, and 5B, each zero
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decimal in these tables can represent the "0011" symbol
value, and each cne decimal can represent the "1111"
symbol value. In other embodiments where a binary
codebook is used, modulator 308 may use the other two
corner signal points in signal constellation set 700 -
that is, the upper-left signal point corresponding to
symbol value "1011" and the lower-right signal point
corresponding to symbol value "011ll1" - to, for example,
represent each one entry and zero entry in Tables 1

and 2. These two signal points are surrounded by
triangles for emphasis.

[0060] Referring now to FIG. 7B, signal constellaticn
set 750 is shown for a 32QAM scheme, which is another
modulation scheme that may be implemented by

modulator 308. FIG. 7B illustrates signal points that
may be selected when a 32QAM scheme and a binary codebock
are used. Signal constellation set 750 of FIG. 7B can
include 32 signal constellation points that are each
associated with a 5-bit symbol value. As described
above, modulator 308 may select signal points that are
adjacent to the corners of a signal constellation set
(e.g., set 750) to use in transmitting USF symbcls.
Signal points that are adjacent to corners may be used
for constellation sets, such as signal constellaticn

set 750, where the structure of the set is such that the
corners themselves do not correspond to any signal
points. One possible subset of signal points in signal
constellation set 750 that may be used by modulator 308
when USF encoder 305 employs a binary cocdebook

corresponds to signal values of "00000" and "10010."
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These two signal points are circled in FIG. 7B for

emphasis and are adjacent (in a counter-clockwise
direction) to the lower-left and upper-right corners of
signal constellation set 750, respectively. Thus, USF
encoder 305 may generate a set of encoded USF symbols
using only symbel values "00000" and "10010." For
example, if USF encoder 305 operates based on the
codebook of Tables 1A, 1B, or 2B cf FIGS. 4A, 4B, and 5B,
each zero decimal may represent a "00000" symbol value
and each one decimal may represent a "10010" symbol value
(or vice versa). Different pairs of symbol values
located adjacent to facing corners may be used instead by
modulator 308 when USF encocder employs a binary codebook.
Each such pair is surrounded by the same shape (e.g.,
circle, square, hexagon, or triangle) in FIG. 7B.

[0061] Constellation-corner-based encoding can be used
in encoder implementations that operate using ncon-binary
codebooks. For example, rather than selecting only two
corner or nearly corner signal points in constellation
sets 700 and 750, additional signal points may alsc be
included in the encoding scheme. FIG. 8A shows signal
constellation set 800 that, like set 700 of FIG. 7A, is a
16QAM constellation set. However, FIG. 8A is intended to
illustrate constellation-corner-based encoding using four
corner signal points. USF encoder 305 may produce USF
codewords that are based on any of the circled symbol
values. In some embodiments, these four symbol values
may be used with EGPRS-A DL and codebook 500 of FIG. 5A,
where each zero decimal in codebook 500 represents a

"001ll" symbol value, each one decimal represents a "0111"

PCT/1IB2008/002881
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symbol value, each two decimal represents a "11ll1" symbol
value, and each three decimal represents a "1l011l" symbol
value, for example. In other embodiments, each decimal
in codebock 500 may represent. a different one of these
four symbeol values.

[0062] Referring now to FIG. 8B, 32QAM signal
constellation set 850 is shown that can illustrate
constellation-corner-based encoding using four nearly-
corner signal points. FIG. 8B may illustrate the
enceding and mecdulation performed by USF encoder 305 and
modulator 308, respectively, when the EGPRS-A protocol is
implemented with a 32QAM modulation scheme. In some
embodiments, USF encoder 305 may produce USF codewords
using the symbol values that correspond to the circled
signal constellation‘points in set 850. These circled
signal constellation points are adjacent to the four
corners of signal constellation set 850, where each of
these circled points is shifted counter-clockwise from
its respective corner. If a non-binary codebook such as
codebook 500 of FIG. 5A is employed by USF encoder 305,
each zero decimal in codeboock 850 may represent a "00000"
symbol value, each one decimal may represent a "00110"
decimal, etc. However, this is merely illustrative and
any other mapping may be used. Alternatively, USF
enceder 305 and modulator 308 may operaﬁe using the four
symbol values / signal points that are surrounded by
triangles.

[0063] It should be understood that the constellation-
corner-based encoding schemes described in connection

with FIGS. 7A, 7B, 8A, and 8B are merely illustrative.
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For example, any other suitable modulation may be used,
or any other combination and/or number of corner or
nearly-corner constellation points may be used. Thus, it
should be understood that the present invention is not
limited to transmitting USF codewords using any
particular subset of corner or adjacent-to-corner signal
points, nor is the present invention limited to a subset
of a particular size.

[0064] Note that, in each example of FIGS. 7A, 7B, B8A
and 8B, a subset of signal points are chosen that have a
relatively large Euclidean distance compared to the
Euclidean distance between other pairs of signal points.
This may be true for any similar constellation-corner
based encoding scheme. The large Euclidean distance used
to represent USF information may allow the downlink
transmission of the USF information to be more reliably
transmitted. In particular, the large Euclidean distance
may provide an increased resiliency to any noise that
might occur during downlink transmission, since a greater
amount of noise would be needed to cause a mobile station
(e.g., mobile stations 104 and 106 of FIG. 1) to mistake
one corner or adjacent-to-corner signal point for a
signal point in an entirely different corner. In some of
the scenarios, the corner or adjacent-to—dorner signal
points used by modulator 308 (FIG. 3) may be signal
points that are located at antipodal locations in the
signal constellation set. Antipodal signal points refer
to signal points in a signal constellation set for a

particular modulation scheme that are separated by the



10

15

20

25

30

WO 2009/019611 PCT/1IB2008/002881

- 28 -

maximum Euclidean distance possible in that modulation
scheme.

[0065] Radio signals 310 produced by modulator 308 may
represent a data burst from base station transmitter 300
at each time interval, and may be transmitted on a
downlink transmission to one or more mobile stations.
FIG. 9 shows a block diagram of illustrative mobile
station receiver 900 that may be cperable to receive and
interpret radio signals 902. In some embodiments, radioc
signals 902 may be the same or similar to radio

signals 310 (FIG. 3) transmitted from base station
transmitter 300, and mobile station receiver 900 may be a
more detailed representation of a porticn of mokile
station 104 or mobile station 106 of FIG. 1. Mobile
station receiver 900 can include receiver 904, de-
interleaver 906, and decoder 908. The operaticn of these
components of may correspond to the cperation of
modulator 308, interleaver 306, and enccder 304 of

FIG. 3, respectively, where each component of mobile
station receiver 900 can essentially undo the processing
of its corresponding base station component.

[0066] In particular, receiver 904 can receive radic
signals 902 from a channel (e.g., a radio channel of a
particular frequency) that corresponds toc a burst of
information for a current block. Receiver S04 may have
any necessary components to interpret radio signals 902
and can make an estimate of the bits and/or symbols that
correspond to radio signals 902. For example,

receiver 904 may include an egqualizer, a demodulator and

a quantizer that operate based on the modulation scheme
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used by the corresponding base station modulator (e.g.,
modulator 308 of FIG. 3). The modulation scheme may be,
for example, 16QAM, 32QAM, GMSK, or BPSK. Receiver 904
can produce estimates of the transmitted M-bit encoded
symbols as hard information (e.g., hard groups of cnes
and zeros) or soft information (e.g., in the form of log-
likelihood ratios (LLRs)). For example, receiver S04 can
produce an LLR for each bit or each M-bit symbol received
in radio signals 902.

[0067] The bit-level or Mbit symbol-level estimates
produced by receiver 904 may be processed by de-
interleaver 906. De-interleaver 906 may reverse the
interleaving function performed by, for example,
interleaver 306 of FIG. 3, thereby returning the
interleaved symbols to their original crdering. For
instance, de-interleaver 906 may change the symbol
positions of the received symbols into the positions
expected by decoder 908. This may produce, for example,
LLRs for each bit or symbol of the USF codeword in the
original order. Decoder 908 may then decode the bit-
level or symbol-level estimates of the received symbols
into estimate 910 of the network information (e.g.,
network information 200 of FIG. 2). To obtain

estimate 910, decoder 908 may be an error correcting code
(ECC) decoder (e.g., convolutional code decoder) that
operates using the same or a compatible ECC code as that
of, for example, encoder 304 of FIG. 3.

[0068] Decoder 908 can include USF decoder 909 to
compute an estimate of the transmitted USF. USF

decoder 909 may use the same codebook as that of the base
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station to store and/or obtain the bit estimate of the
original USF (e.g., the codebcok of Tables 1A, 1B, 2A

and 2B of FIGS. 4A, 4B, 5A, and 5). For example, to
compute a USF estimate, USF decoder 3809 may match the
hard or soft information produced by de-interleaver 906
with the USF codewords in the codebook. Since each USF
codewdrd is associated with a particular USF, USF deccder
909 may identify the USF that corresponds to the USF
codeword that most likely matches the hard or soft
information, and can use the identified USF as the USF
estimate.

[0069] As described above, the codebocck used by USF
decoder 909 may include only symbols with symbol values
that correspond to corner signal points or to signal
points that are adjacent to the corners in a QAM signal
constellation set. Thus, because these corner or
adjacent-to-corner signal points may be separated by a
relatively large Euclidean distance compared to other
possible signal point pairs in the modulation scheme, USF
decoder 909 can more reliably interpret the true symbol
value of each symbol in the USF codeword. If mobile
station receiver 900 successfully receives and interprets
the current received block, the USF estimate within
estimate 910 of network information may match the
original USF that was transmitted by the base station.
Mobile station receiver 900 can then determine from the
USF estimate whether mobile station receiver 900 may be
scheduled to transmit information on one or more next

uplink time periods. To make this determination, mobile
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station receiver 900 may perform the steps described
below in connection with FIG. 11.

[0070] A mobile station receiver, such as mobile
station receiver 900 of FIG. 9, may be implemented as

part of a cellular telephone. For example, referring now

to FIG. 10, the present invention can be implemented in

cellular telephone 1050 that may include a cellular
antenna 1051. The present invention may implement either
or both signal processing and/or control circuits, which
are generally identified in FIG. 10 at 1052, a WLAN
interface 1068 and/or mass data storage 1064 of the
cellular telephone 1050. In some implementations, the
cellular telephone 1050 includes a microphcne 1056, an
audioc output 1058 such as a speaker and/or audio output
jack, a display 1060 and/or an input device 1062 such as
a keypad, pointing device, voice actuation and/cr other
input device.

[0071] The signal processing and/or control

circuits 1052 and/or other circuits (not shown) in the
cellular telephone 1050 may include a mecdem (not shown)
coupled to cellular antenna 1051 to receive and
demodulate incoming data, including USF data and the
like, using the methods described above. Signal
processing and/or control circuits 1052 may also process
data, perform coding and/or encryption, perform

calculations, format data and/or perform other cellular

telephone functions. Signal processing and/cr control

circuits 1052 may include a single processor, or may
include several processors each of which is configured to

perform one or more cellular telephone functions. For
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example, signal processing and/or control circuits 1052
may include a modem processor and an application
processor. The processors may be hardware, scftware, or
firmware-based processors.

[0072] FIG. 11 shows a flow diagram of illustrative
process 1100 that a mobile station can perform to
transmit information based on USF information.

Process 1100 may be performed by any suitable mcbkile
station, such as mobile stations 104 or 106 of FIG. 1,
cellular telephone 1050 of FIG. 10, or mobile station
receiver 900 of FIG. 9. For example, process 1100 may be
carried out using any computational logic or circuitry
(e.g., signal processing and/or control circuits 1052 of
FIG. 10) implemented on the mobile station. At '
step 1102, the mobile station can receive a radio signal
that corresponds to a burst. The burst may be cne of a
plurality of bursts (e.g., four bursts) that together
form a block of network information. The burst may
include data that is intended for the mobile station or
data that is intended for a different mobile station. At
step 1104, the mobile station can process the burst by,
for example, demodulating and de-interleaving the
received burst. Then, at step 1106, the mobile statiocn
can determine whether all of the bursts for a current
block have been received. If thé current block includes
four bursts, step 1106 can involve determining whether
four bursts have been reéeived. If all of the bursts for
the current block have not been received, process 1100
may move back to step 1102, where the mobile station may

receive the next burst in the current block.
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Process 1100 returns to step 1102 until all bursts for
the current block have been received and processed.

[0073] If, at step 1106, the mobile station determines
that all blocks for the current block (e.g., four bursts)
have been received, process 1100 can move to step 1108.
At step 1108, the mobile staticn can produce an estimate
of the network information, including an estimate of the
USF. For example, the mobile station can decode the
bursts that were received and processed at steps 1102

and 1104. The USF may have been constellation-corner-
encoded, and therefore step 1108 can involve decoding the
encoded USF using constellation-corner-based decoding.
From the estimate of the network information, at

step 1110, the mobile station can extract the
constellation-corner-based USF estimate, and at

step 1112, can compare the USF estimate with the
temporary identification associated with the mobile
station. 1If, at step 1112, the mobile station determines
that the USF estimate matches the mobile station's
temporary identification, the mobile station may transmit
data to the base station on an upcoming uplink block at
step 1114. Otherwise, access to the next uplink block
has been granted to a different mcbile station, and at
step 1116, the mobile station does not transmit data on
the upcoming uplink block.

[0074] The foregoing describes systems and methods for
encoding and decoding an uplink state flag (USF) using a
constellation-corner-based encoding scheme. Those
skilled in the art will appreciate that the invention can

be practiced by other than the described embodiments,
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which are presented for the purpose of illustration

rather than of limitation.
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What is Claimed is:

1. A mobile station for use on a cellular
network, comprising:

a receilver configured to receive from the
cellular network transmitted signals that include an
encoded uplink state flag (USF);

a USF decoder employing a USF codebook
that is defined by a subset of symbol values from a
quadrature amplitude modulation (QAM) constellation set
to compute an estimate of a USF based on the received
signals, the subset being selected from among symbol
values that each correspond to a signal point located at
or adjacent to a corner of the QAM constellation set; and

computational logic configured to
determine whether to transmit data in a next uplink time

period based on the estimated USF.

2. The mobile station of claim 1, wherein the
QAM constellation set is a 16QAM constellation set that

includes 16 signal points.

3. The mobile station of claim 1, wherein the
QAM constellation set is a 32QAM constellation set that

includes 32 signal points.

4, The mobile station of claim 1, wherein the
transmitted signals correspond to interleaved symbols
that are interleaved among a plurality of bursts, the
mobile station further comprising:

a de-interleaver configured to

de-interleave the received interleaved symbols from among
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the plurality of bursts to proddce de-interleaved

symbols.

5. The mobile station of claim 4, wherein the
USF decoder is configured to compute the estimate of the

USF from the de-interleaved symbols.

6. The mobile station of claim 1, wherein the
subset of symbeol values corresponds to a pair of symbol
values that are associated with signal points located at

antipodal locations in the QAM constellation set.

7. The mobile station of claim 1, wherein the
computational logic comprises at least one of hardware,

software, and firmware logic.

8. The mobile station of claim 1, wherein the
estimate of the USF is one of a predetermined number of

possible USF values.

9. The mobile station of claim 8, wherein the
predetermined number is eight, and wherein the USF
decoder is configured to output one of the eight possible

USF estimates.

10. A base station for use on a cellular
network, comprising:

a transmitter configured to transmit
signals that include an uplink state flag (USF) codeword
on a cellular network;

an encoder to encode uplink scheduling
information into a plurality of symbols, each symbol

including more than one bit, wherein each of the
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plurality of symbols corresponds to a signal peint that
is located at or adjacent to a corner of a quadrature
amplitude modulation (QAM) constellation set; and

a modulator coupled to the transmitter to
modulate the encoded uplink scheduling information for

transmission by the transmitter as the USF codeword.

11. The base station of.claim 10, wherein the
QAM constellation set is a 16QAM constellation set that

includes 16 signal pointé.

12. The base station of claim 10, wherein the
QAM constellation set is a 32QAM constellation set that

includes 32 signal points.

13. The base station of claim 10, wherein the
transmitter is configured to transmit the USF codeword in
a plurality of bursts, the base station further
comprising:

an interleaver configured to interleave
the plurality of symbols produced by the encoder among
the plurality of bursts tc generéte a plurality of
interleaved symbols.

14. The base station of claim 13, wherein the
modulator is configured to modulate the plurality of

interleaved symbols for transmission by the transmitter.

15. The base station of claim 10, wherein the
plurality of symbols produced by the encoder are each
selected from a pair of signal points that are located at

antipodal locations in the QAM constellation set.
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16. The base station of claim 10, wherein the
uplink scheduling information is one of a predetermined

number of possible USF values.

17. The base station of claim 16, wherein the
uplink scheduling information is one of eight

predetermined possible USF values.

18. A USF encoder for use in a base station on
a cellular network, the USF encoder comprising:

an input interface configured tc obtain an
uplink state flag (USF) from the cellular network;

a codebook that maintains a USF codeword
for a predetermined number of possible USF values,
wherein each USF codeword comprises a plurality of
symbols that each corresponds to a signal point that is
located at or adjacent to a corner of a quadrature
amplitude modulation (QAM) constellation set;

computational logic configured to output a
plurality of encoded symbols based on the codebook and
the uplink state flag.

19. The USF encoder of claim 18, wherein the
OAM constellation set is a 16QAM constellation set that

includes 16 signal points.

20. The USF encoder of claim 18, wherein the
QAM constellation set is a 32QAM constellation set that

includes 32 signal points.

21, The USF enccder of claim 18, wherein the

computational logic is configured to output the USF
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codeword maintained in the codebook that corresponds to

the uplink state flag.

22. The USF encbder of claim 18, wherein the
plurality of symbols that make up each USF codeword are
each selected from a pair of signal points that are
located at antipodal locations in the QAM constellation

set .

23. The USF encoder of claim 18, wherein the
computational logic comprises at least one of hardware,

software, and firmware logic.

24. The USF encoder of claim 18, wherein the
codebook maintains USF codewords for eight different

possible USF values.
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