woO 2007/015830 A2 |10 0 00 0 R

(19) World Intellectual Property Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau

(43) International Publication Date
8 February 2007 (08.02.2007)

(10) International Publication Number

WO 2007/015830 A2

(51) International Patent Classification:

HO4L 12/56 (2006.01)

(21) International Application Number:

(22) International Filing Date:

(25) Filing Language:

(26) Publication Language:

(30) Priority Data:

PCT/US2006/027761

19 July 2006 (19.07.2006)
(74)
English

English
(81)

60/701,313
11/229,040

20 July 2005 (20.07.2005) US
16 September 2005 (16.09.2005) US

(71) Applicant (for all designated States except US): QUAL-

COMM FLARION TECHNOLOGIES, INC. [US/US];
Bedminsters One, 135 Route 202/206 South, Bedminster,
NJ 07921 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only):

LAROIA, Ra-
jiv [IN/US]; 455 Somerville Road, Basking Ridge, NJ

(34)

07920 (US). JIN, Hui [CN/US]; 41 Crestview Drive,
Clinton, NJ 08809 (US). LI, Junyi [CN/US]J; 357 Wren
Lane, Bedminster, NJ 07921 (US). LANE, Frank, A.
[US/US]; 208 Turkey Hill Road, Asbury, NJ 08802 (US).
RICHARDSON, Tom [US/US]; 420 Clark Street, South
Orange, NJ 07079 (US).

Agent: STRAUB, Michael, P.; Straub & Pokotylo, 620
Tinton Avenue, Bldg. B, 2nd Floor, Tinton Falls, NJ 07724-
3260 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

—n
1700 (START METHOD OF OPERATING A BASE STATION)~ 1702

FOR EACH DOWNLINK TRAFFIC
CHANNEL SEGMENT

BS DETERMINES A WT TO BE ASSIGNED FOR A DOWNLINK TRAFFIC | 1704
CHANNEL SEGMENT AND THE RATE OPTION TO USE FOR SEGMENT

DOES

THE RATE OPTION

CORRESPOND TC QPSK

MODULATION
?

1708

1710
ENCODE INDICATION IN ASSIGNMENT SIGNAL

1708
| ENCODE RATE OPTION VALUE IN |

ASSIGNMENT SIGNAL THAT RATE OPTION VALUE WILL BE CONVEYED IN
* SPECIAL INFORMATION BLOCK OF DL TRAFFIC
1712 CHANNEL SEGMENT

[ SEND ASSIGNMENT SIGNAL TOWT |

SEND ASSIGNMENT SIGNAL TOWT |~ 1722
¥

ENCODE USER
DATA FOR DL DOES 724
e e e
SEGMENT USING
CODING RATE SECOND FORMAT?Z.
CORRESPONDING J728 732
TO DETERMINED ENCODE USER 1728 1730
RATE OPTION DATA FOR DL CODES CODE § ENCODE USER
¥ TRAFFIC CHANNEL| | INFORMATION BITS | | INFORMATION BITS || DATAFORDL
SEGMENT USING INGLUDING 1 BIT INCLUDING 3 BITS | |TRAFFIC GHANNEL
MAP CODED BITS CODING RATE FOR RATE OPTION FOR RATE OPTION || SEGMENTUSING
INTO MODULATION] | GORRESPONDING | | INFORMATION INTO | | INFORMATION INTO || GODING RATE
SYMBOL VALUES | [ TO DETERMINED 32 CODED BITS 32CODEDRITS || CORRESPONDING
USING QSPK RATE OPTION USING AFIRST USING A SECOND || TODETERMINED
=X CODING METHOD, | | CODING METHOD, || RATE OPTION
1718 E.G, PRODUCING 16 E%, gggggg#e '
MAP CODED BITS | [CODED BIT PAIRS OF
MOBULATION INTO MODULATION {00) OR {11} PAIRS %ﬁ )(10) or | [P Cﬁ’ﬁ’? BT
SYMBOL VALUES SYMBOL VALUES
UBOR O IN ACCORDANCE \ e 1738 syn?BDgLLCZ:_%NES
THE TRAFFIG WITH DETERMINED MAP 32 CODED BITS INTO N AGCORDANGE
CHANNEL RATE OPTION, EG, MODULATION SYMBOLS USING QSPK wiTH
SEGNENT USING QAM16 DETERMINED
ASSOCIATE MODULATION SYMBOL VALUES RATE OPTION,
CHANNEL SEOMENT, RESERVED FOR. | | 50 USING
\ SPECIAL INFO BLOCK QAM18,QAMS4,
OR QAM?256
ASSOCIATE MODULATION SYMBOL VALUES
WITH TONE-SYMBOLS OF THE TRAFFIC L-1736
1720 4 CHANNEL SEGMENT, RESERVED FOR USER
DATA PORTION

TRANSMIT DOWNLINK TRAFFIC
CHANNEL SEGMENT SIGNALS

(54) Title: METHODS AND APPARATUS FOR IMPLEMENTING AND USING AN IN-BAND RATE INDICATOR

(57) Abstract: Downlink traffic channel data rate
options and methods of indicating to a wireless terminal
a utilized downlink data rate option are described. The
downlink traffic channel rate option for a segment is
conveyed using an assignment signal and/or a block in
the downlink traffic channel segment which is not used
for user data. Downlink segment assignment signals
in some implementations allocate fewer bits for rate
option indication than are required to uniquely identify
each option, hi some implementations low rate options,
e.g., using QPSK, are uniquely identified via assignment
signals.  Higher rate options, e.g., using QAMI 6
modulation, are conveyed via the distinct information
block in the downlink traffic segment using a first
coding/modulation method. Still higher rate options,
e.g., using QAMI 6, QAM64, or QAM?256, are conveyed
via the information block in the segment using a second
coding/modulation method which is applied to the rate
option information.



WO 2007/015830 A2 |} DA 000 0T 0000000 0 O

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, Published:

7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), —  without international search report and to be republished
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, upon receipt of that report

FR, GB, GR, HU, IE, IS, IT, L', LU, LV, MC, NL, PL, PT, gy, nyo letter codes and other abbreviations, refer to the "Guid-
RO, SE, SI, SK, TR), OAPI (BE, BJ, CE, CG, CI, CM, GA, 4,00 Notes on Codes and Abbreviations” appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.



WO 2007/015830 PCT/US2006/027761

METHODS AND APPARATUS FOR IMPLEMENTING AND USING AN IN-BAND
RATE INDICATOR

FIELD OF THE INVENTION

[0001] The present invention relates to methods and apparatus for indicating data rate
option information while various exemplary embodiments are more particularly directed to
indicating and using downlink data rate option information in a wireless communications

system.

BACKGROUND OF THE INVENTION

[0002] In order to efficiently perform downlink traffic channel signaling in a wireless
communications system, where a base station communicates with a plurality of wireless
terminals, situated at different locations with different channel conditions and different levels of
interfefence at any given time, it is beneficial to support a large number of data rate options for
downlink traffic channel segments. Typically, in wireless communications systems supporting
multiple downlink traffic channel data rate options which may change on a segment to segment
basis, the data rate option for a given segment is uniquely identified in a field of an assignment
signal corresponding to the downlink traffic channel segment. However, as the number of
supported data rate options increases, the number of bits required to be dedicated in the
assignment signal to uniquely indicate the assigned rate option increases, representing an

undesirable increase in overhead.

[0003] In view of the above discussion, it would be beneficial if new methods and
apparatus allowed for the supporting of a large number of downlink traffic channel data rate
options, yet limiting the amount of overhead used to convey data rate information. Methods and
apparatus that are flexible and that facilitate different coding and/or modulation techniques to

convey the data rate option of a downlink traffic channel segment would be beneficial.

SUMMARY OF THE INVENTION

[0004] The present invention relates to methods and apparatus for indicating data rate

option information. Various methods and apparatus are directed to methods and apparatus for
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indicating and using downlink data rate option information in a wireless communications

system.

[0005] Some embodiments and features of the invention are directed to base station
methods and apparatus. The features and embodiments of the invention include the subject
matter of the pending claims. Other features, embodiments and benefits of the invention are

also discussed in the present application.

[0006] One particular exemplary embodiment is directed to a method of operating a base
station which includes transmitting in a first portion of a first communications segment encoded
data rate option information; and transmitting in a second portion of said first communications
segment encoded user data. In some but not necessarily all embodiments the step of
transmitting the encoded data rate option information includes modulating said encoded data
rate option information using a first modulation method which is different from a modulation
method used to modulate said encoded user data. The method may further include selecting a
data rate option , prior to transmitting said first and second portions of said first communications
segment, said data rate option corresponding to one of a plurality of different data rate option
groupings, each of said different data rate option groupings corresponding to a different data rate
option indicator encoding method, a first grouping in said plurality of groupings corresponding
to a first data rate option indicator encoding method wherein the selected data rate option is
indicated in an assignment signal separate from the communications segment, a second grouping
in said plurality of groupings corresponding to a second data rate option indicator encoding
method in which data rate option information is included in the communications segment, said

data rate option selected for said first communications segment being in said second grouping.

[0007] In some but not necessarily all embodiments, the first data rate option indicator
method uniquely identifies the data rate option selected to be used to encode the user data in a
communications segment. In some such embodiments when the first data rate option indicator
uniquely identifies the data rate option selected to be used to encode the user data, the
communications segment for which the option was selected intentionally does not include
encoded data rate option information. At least in some embodiments this is done because the
data rate option information provided outside the first segment is sufficient to allow decoding
and recovery of the user data. The base station may determine the encoding method to be used

for said encoded data rate option information based on the data rate option to be communicated,
-
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e.g., with one method being used for some data rates and another method being used for

different data rate options.

[0008] Additional steps and/or features may be included in various embodiments of the
invention. Apparatus for implementing the methods of the invention are also described below

and are within scope of the invention.

[0009] Various exemplary embodiments and features which are used in some but not
necessarily all systems implemented in accordance with the invention will now be discussed

briefly.

[0010] Some embodiments indicate downlink data rate option information through the
use of an assignment signal and/or the combination of an assignment signal and information
included in the communication segment which is assigned. Methods of indicating rate option
information discussed below within a downlink segment, while generally discussed in the
context of examples which use downlink assignment signals, can be used alone, e.g., without the
use of assignment signals or information in assignment signals. Alternatively, as in the case of
most examples, the methods of including rate option information in a downlink segment can be
used in combination with the features of the invention which relate to downlink assignment

signals.

[0011] In some but not necessarily all embodiments of the present invention, base
stations support a large number of different downlink data rate options, e.g., 10 or more,
available for use in a downlink traffic channel segment. The lower rate options correspond to
lower data rates than the-higher data rate options. At least some of the different data rate options
use different coding rates and/or different modulation schemes for coding/modulating user data
included in a downlink segment to which the rate option has been applied. In some
embodiments, the lower data rate options, e.g., data rate options 0, 1, and 2, use QPSK
modulation, while higher data rate options, e.g., data rate options 3-10, use QAM16, QAM64, or
QAM?256 modulation.

[0012] In various embodiments, downlink traffic channel segments are assigned by a
base station though the use of assignment signals. Depending on the embodiment, each

assignment signal may correspond to one or multiple segments being assigned. Thus, for each
-3-
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assignment signal there is at least one corresponding downlink channel segment. In some
embodiments, the base station can decide, e.g., when making a downlink segment assignment,
the data rate option to be used when encoding, modulating and/or mapping user data into the
segment being assigned. A variety of different methods of indicating to the wireless terminals
or group of wireless terminals the data rate option being used can be supported in accordance
with the invention. In some embodiments, the method of indicating the utilized data rate option

is determined based on the selected data rate option to be used.

[0013] In accordance with one feature supported in some embodiments of the present
invention, the assignment signal dedicates less bits to represent rate option information than the
number of bits that would be required to uniquely identify each of the possible downlink data
rate options that are supported by the base station for downlink traffic channel segments. In
some such embodiments, for at least some low data rate options, assignment signal rate option
information bits encoded into the segment assignment signal uniquely identify the data rate
option of the downlink traffic channel segment to which the assignment signal corresponds. For
other data rate options, e.g., higher data rate options, the assignment signal rate option
information bits included in the assignment signal indicate that that the data rate option of the
downlink traffic channel segment will be included in a special information block, e.g., a
predetermined set of transmission units included in the downlink segment being assigned. The
special information block normally does not include user data but may include, e.g., various
control information in addition to the data rate option information. The transmission units in
said special information block may be a contiguous set of transmission units, such as tone-
symbols, located at the start of the downlink segment or may be distributed in a non-contiguous

but known manner within the downlink segment.

[0014] In some particular embodiments, the special information block of a downlink
traffic channel segment including a special information block, can have multiple formats and
each format corresponds to a group of codes. For example, a first format may map 5
information bits including 1 rate option indicator bit to 32 coded bits, where the pattern of each
of 16 bit pairs of coded bits may be 00 or 11; a second format may map 8 ‘information bits
including 3 rate option indicator bits to 32 coded bits, where the pattern of each of 16 bit pairs of
coded bits may be 01 or 10. In some such embodiments, the coded bits of the special

information block are mapped to QPSK modulation symbols.
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[0015] Insome embodiments, three groupings of levels of downlink traffic channel user

data/information data rate options exist: (i) a first lowest grouping where the special information
block is not implemented in the downlink traffic channel segment and where the data rate option
is uniquely indicated in the assignment signal, (ii) a second intermediate level grouping where
the special information block is used, where a first number of information bits are coded into the
special information block, and where the special information block includes one information bit
dedicated to uniquely identifying two data rate options, (iii) a third higher level grouping where
the special information block is used, where a second number of information bits are coded into
the special information block, said second number being larger than said first number, and
where the special information block includes three information bits dedicated to uniquely
identifying at least six data rate options. In some such embodiments, for the first grouping the
downlink traffic channel segment uses QPSK modulation; for the second grouping the downlink
traffic channel segment uses QPSK for the special information block portion and QAM16 for
the user data coded block portion; for the third grouping the downlink traffic channel segment
uses QPSK modulation for the special information block portion and one of QAM16, QAMG64,
and QAM256 for the user data coded block portion.

[0016] In accordance with a feature of various embodiments of the present invention, the
base station does not specifically identify the format type of the special information block, but
rather the grouping of codes allows a wireless terminal receiving the special information block
to distinguish and identify the format type of received special information block. In some
implementations, the wireless terminal, after having determined the format type of the special
information block, will attempt to recover the information bit or bits of special information |
block which identify the data rate option used for the downlink traffic channel segment. Using a
recdvered data rate option value, the wireless terminal can properly interpret the received
modulation symbol values corresponding to the coded user data, and attempt to recover the user

data information bits which were encoded by the base station prior to transmission.

[0017] While various embodiments have been discussed in the summary above, it should
be appreciated that not necessarily all embodiments include the same features and some of the
features described above are not necessary but can be desirable in some embodiments.
Numerous additional features, embodiments and benefits of the present invention are discussed

in the detailed description which follows.
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BRIEF DESCRIPTION OF THE FIGURES

[0018) Figure 1 is a drawing of an exemplary communications system, implemented in

accordance with the present invention and using methods of the present invention.

[0019] Figure 2 is a drawing of an exemplary base station, implemented in accordance

with the present invention and using methods of the present invention.

[0020] Figure 3 is a drawing of an exemplary wireless terminal, implemented in

accordance with the presen{ invention and using methods of the present invention.

[0021] Figure 4 is a table illustrating exemplary downlink traffic channel rate option

information in accordance with the present invention.

[0022] Figure 5 is a table including exemplary downlink traffic channel assignment

signaling information, in accordance with the present invention.

[0023] Figures 6, 6A, 7 and 8 show exemplary downlink traffic channel segments, in

accordance with the present invention.

[0024] Figure 9 is a table describing downlink traffic channel segment rate option
information and corresponding special information block information, in accordance with the

present invention.

[0025] Figure 10 is a table describing an exemplary special information block in a
downlink traffic channel segment using an exemplary first format, in accordance with the

present invention.

[0026] Figure 11 is a table describing an exemplary special information block in a
downlink traffic channel segment using an exemplary second format, in accordance with the

present invention.
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[0027] Figure 12 includes an exemplary special information block, information
identifying a first group of codes associated with an exemplary first format, and information

identifying a second group of codes with an exemplary second format.

[0028] Figure 13 is a drawing illustrating exemplary information bit to coded bit
processing and exemplary coded bit to modulation symbol mapping for a special information
block of a downlink traffic channel segment using an exemplary first format, in accordance with

the present invention.

[0029] Figure 14 and Figure 15 in combination is a drawing illustrating exemplary
information bit to coded bit processing and exemplary coded bit to modulation symbol mapping
for a special information block of a downlink traffic channel segment using an exemplary

second format, in accordance with the present invention.

[0030] Figure 16 illustrates exemplary downlink traffic channel segments and
concatenation of modulation symbols, in accordance with various embodiments of the present

invention.

[0031] Figure 17 is a flowchart of an exemplary method of operating a base station, in

accordance with the present invention.

[0032] Figure 18 is a flowchart of an exemplary method of operating a wireless terminal,

in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Figure 1 is a drawing of an exemplary communications system 100, implemented
in accordance with the present invention and using methods of the present invention. System
100 includes apparatus and methods directed to improving downlink communications by
supporting a plurality of different downlink data rate option options and communicating a
selected downlink data rate for a given downlink traffic channel segment in an efficient manner
in accordance with the present invention. Exemplary system 100 may be, e.g., an orthogonal
frequency division multiplexing (OFDM) multiple access wireless communication system.

System 100 includes a plurality of cells (cell 1 102, cell M 104). Each cell (cell 1 102, cell M
7-
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104) represents a wireless coverage area for a corresponding base station (BS 1 106, BS M 108),
respectively. A plurality of wireless terminal (WTs) (WT 1 110, WITN 112, WT 1' 114, WT N'
116) are included in system 100. At least some of the WTs are mobile nodes (MNs); the MNs
may move throughout the system 100 and establish wireless links with different BSs, the BS
corresponding to the cell in which the WT is currently located. In Figure 1, (WT 1 110, WT'N
112) are coupled to BS 1 106 via wireless links (118, 120), respectively; (WT 1' 114, WT N
116) are coupled to BS M 108 via wireless links (122, 124), respectively.

[0034] The BSs (106, 108) are coupled to network node 126 via network links (128,
130), respectively. Network node 126 is coupled to other network nodes, e.g., routers, other
base stations, AAA server nodes, Home Agent nodes, etc. and/or the Internet via network link
132. Network links 128, 130, 132 may be, e.g., fiber optic links. Network node 126 and
networks links 128, 130, 132 are part of a backhaul network linking various BSs in different
cells together and providing connectivity so that a WT located in one cell can communicate with

a peer node in a different cell.

[0035] System 100 is shown having cells with one sector per cell. The methods and
apparatus of the. presenf invention are also applicable in systems having more than one sector per
cell, e.g., 2, 3, or more than 3 sectors per cell and in systems having different numbers of sectors
per cell in different portions of the system. In addition, the methods and apparatus of the present
invention are also applicable to many non-cellular wireless communications sjrstems including

at least one base station and one wireless terminal.

[0036] Figure 2 is a drawing of an exemplary base station 200, implemented in
accordance with the present invention and using methods of the present invention. Exemplary
BS 200 is sometimes referred to as an access node. BS 200 may be any of the BS (106, 108) of
system 100 of Figure 1. Exemplary BS 200 includes a receiver 202, a transmitter 204, a
processor 206, I/O interface 208, and memory 210 coupled together via a bus 212 over which

the various elements may interchange data and information.

[0037] Receiver 202 is coupled to receive antenna 203 through which BS 200 may
receive uplink signals from a plurality of wireless terminals. Receiver 202 includes a decoder

214 for decoding received encoded uplink signals.

-8-
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[0038]  Transmitter 204 is coupled to transmit antenna 205 over which downlink signals
are sent to a plurality of wireless terminals. Transmitter 204 includes an encoder 216 for
encoding information prior to transmission. Downiink signals include assignments signals
including assignments of downlink traffic channel segments. Said assignment signals include
rate option information. Downlink signals also include downlink traffic channel segment
signals. Some of the downlink traffic channel segments include a special information block
including rate option information corresponding to the data rate used for user data in the

downlink traffic channel segment.

[0039] 1/O interface 208 couples the BS 200 to other network nodes, e.g., routers, other
base stations, AAA server nodes, Home Agent nodes and/or the Internet. I/O interface 208
provides an interface to a backhaul network providing interconnectivity between nodes in

different cells.

[0040]  Memory 210 includes routines 218 and data/information 220. The processor 206,
e.g., a CPU, executes the routines 218 and uses the data/information 220 in memory 210 to

operate the BS 200 and implement methods of the present invention.

[0041] Routines 218 include communications routines 222 and base station control
routines 224. The communications routines 222 implement various communications protocols

used by BS 200.

[0042] The base station control routines 224 control the operation of BS 200 including
receiver 202 operation, transmitter 204 operation, 1/O interface 208 operation, and the
irﬁplementation of methods of the present invention. Base station control routines 224 include a
scheduling module 226, a downlink traffic channel segment rate option determination module
228, an assignment signal rate option encoding module 230, a downlink traffic channel segment
encoding/modulation module 232, a downlink signaling module 238, and an uplink signaling
module 240. The downlink traffic channel segment encoding/modulation module 232 includes a
user data encoding/mapping module 238 and a special information block, including rate option
info, encoding/mapping module 240. Special information block module 240 includes a first

format module 242 and a second format module 244.
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[0043] The scheduling module 226, e.g., a scheduler, schedules uplink and downlink

channel air link resources, e.g., segments, to wireless terminal users. Scheduler 226 operations
include assigning downlink traffic channel segments to specific wireless terminals from a
plurality of wireless terminal, in accordance with a scheduling policy. Different downlink traffic
channel segments may have different characteristics, e.g., more tones for a shorter duration or
fewer tones for a longer duration, and the scheduler may take these differences into
consideration when deciding which downlink traffic segment should be assigned to which user.
Scheduler 226'may assign a number of downlink traffic channel segments to a wireless terminal
at a point in time based upon an estimate of the amount of data to be transmitted to the WT,
priority levels, subscriber tier levels, latency consideration, estimates of channel conditions, e.g.,
using channel condition feedback reports, and/or estimates of interference levels, e.g., using
feedback information from the WTs such as beacon ratio report information. Each tone may be

used to communicate a signal during an OFDM symbol transmission time period.

[0044] Downlink traffic channel segment rate option determination module 228
determines the rate option, e.g., in coordination with the scheduling operations, to be used for a
downlink traffic channel segment from among a plurality of data rate options supported by the
base stations for the downlink, where each data rate option corresponds to a coding rate and
modulation scheme. For example, an exemplary system may support 11 different data rate
options in the downlink, each one corresponding to a different number of MAC frames, a
different number of information bits to be encoded in the downlink traffic channel segment, and
a particular modulation constellation; different modulation constellations, e.g., QPSK, QAM16,
QAMO64, QAM256, are used to convéy the coded bits of the user data for at least some different
rate options. For example, the lowest three data rate options may use QPSK, the next four
highest QAM16, the next two highest QAM64, and the next two highest QAM256. In addition
to determining the data rate option for the downlink traffic channel segment, module 228
controls flow of control to other modules based on the determined rate. For example, in some
embodiments, for low data rate options, e.g., rate options 0, 1, and 2 using QPSK, the special

information block module is not called, since the special information block is not implemented.

[0045] Assignment signal rate option encoding module 230 encodes downlink traffic
channel rate option information into assignment signals corresponding to downlink traffic
channel segments. For some rate options, €.g., rate options 0, 1, or 2 using QPSK, the actual

rate option is encoded into the assignment signal, while for some other rate options, e.g., rate
-10-
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option 3-10, information, e.g., a bit pattern such as 11, is encoded into the assignment signal in

the field designated for rate information, which indicates that the actual assigned rate option will
be conveyed in a special information block which is part of the downlink traffic channel

segment and that the rate option will be within a specified range, e.g., rate option 3-10.

[0046] Downlink traffic channel segment encoding/modulation module 232 performs
encoding and modulation operation for the downlink traffic channel segments. User data
encoding and mapping module 238 encodes the user data information bits into coded bits in
accordance with the coding rate and code corresponding to the determined downlink traffic
channel data rate option for the segment. User data and mapping module 238 also maps the
coded bits to modulation symbol values in accordance with the modulation constellation
corresponding to the determined data rate option for the downlink traffic channel segment. User
data encoding/mapping module 238 also associates the modulation symbol values with tone-
symbols of the segment. In some embodiments, for low data rate options, e.g., data rate options
0, 1, 2, using QPSK, each of the tone-symbols of the segment, e.g., are allocated for modulation
symbols values corresponding to the coded user data, while for higher data rate options, most of
the tone-symbols of the segment, e.g., 656 out of 672, are allocated for modulation symbol
values corresponding to the coded user data and a small number of the tone-symbols, e.g., 16 out

of 672, are allocated to modulation symbols corresponding to a special information block.

[0047] Special information block, including rate option information, encoding/mapping
module 240 performs encoding, mapping and modulation operations pertaining to the special
information block of the downlink traffic channel segments. Special block module 240 supports
two different operational formats and includes a first format module 242 and a second format
module. The first format module 242 performs encoding mapping, and modulation operations
pertaining to a first group of data rate options, e.g., rate options 3-4, while the second format
module 244 performs encoding, mapping, and modulation operations pertaining to a second
group of data rate options, e.g., data rate options 5-10, the data rates of the second group being
higher than the data rates of the first group. For example, first format module 242 may encode a
set of 5 information bits including one data rate bit into a set of 32 information bits; Reed-Muller
. based codes may be used, and the resulting set of coded bits may be 16 two bits pairs with each
bit pair having the value 00 or 11. The value of the one data rate bit may be used to specify
whether rate option 3 or 4 is used for the user data portion of the downlink traffic channel

segment. Continuing with the example, second format module 244 may encode a set of 8
-11-
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information bits including three data rate bit into a set of 32 information bits; Reed-Muller based
codes may also be used, and the resulting set of coded bits may be 16 two bits pairs with each
bit pair having the value 01 or 10. The value of the three data rate bits may be used to specify
whether rate option 5, 6, 7, 8, 9, or 10is used for the user data portion of the downlink traffic
channel segment, e.g., with two possibilities being reserved, e.g., for future enhancements and/or
the addition of additional rates. Module 242 or 244, maps the generated coded bits to
modulation symbol values for a QPSK modulation constellation, e.g., the set of 32 coded bits to
16 modulation symbol values for the segment. Module 242 or 244 also associates the
modulation synibol values with tone-symbol of the special information block of the downlink

traffic channel segment.

[0048] In accordance with one feature of the some embodiments of the present
invention, the coding rate of the first format module 242, e.g., 3 information bits-32 coded bits,
is lower than the coding rate of the second format module 244, e.g., 5 info bits - 32 coded bits,
and the data rate of the user information associated with use of first format module 242, e.g.,
data rate options 3 or 4 corresponding to 848 - 1056 info bits,’ is lower than the data rate of the
user information associated with use of second format module 244, e.g., data rate options 5-10
corresponding to 1264 - 3760 information bits. In accordance with another feature of some
embodiments of the present invention, the first format module 242 produces a set of modulation
symbol values which are distinct from the set of modulation syfnbol values produced by the
second format module. For example, first format module 242, when executed, may generate a
set of 16 QPSK modulation symbol values using a first two of the four possible QPSK
modulation symbol values in the set of four, the first two values representing two diagonally
opposed quadrants in the complex plane. Similarly, the second format module 244, when
executed, may generate a set of 16 QPSK modulation symbol values using a second two, the
remaining two, of the four possible QPSK modulation symbol values for the QPSK

constellation.

[0049] Downlink signaling module 238 controls operation of the transmitter 204 and its
encoder 204 to transmit downlink signals including beacon signals, pilot signal, downlink traffic
segment assignment information signals including data rate option information and downlink
traffic channel segment signals, at least some of the downlink traffic channel segments including
a special information block including the rate option used for the user information of the

downlink traffic channel segment.
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[0050] Uplink signaling module 240 controls operations of receiver 202 and its decoder
214 to receive and process uplink signals including: resource requests, channel quality reports,

interference reports, and uplink traffic channel signals from a plurality of WTs.

[0051] Data/information 220 includes a plurality of sets of WT data/information 246
(WT 1 data/info 250, WT N data info 252) and system data/information 248. WT 1
data/information 250 includes user data 253, WT identification information 254,
device/session/resource information 255, amount of downlink user data 256, channel quality
information 257, downlink interference estimate information 258, and downlink assigned

segment information 259.

[0052] User data 250 includes user data/information such as e.g., data/info representing
voice, text or video, received on uplink traffic channel segments from WT 1 intended to be
forwarded to a peer node of WT 1 in a communications session with WT 1. User data 250 may
also include user data/information sourced from a peer node of WT 1 to be communicated to

WT 1 via downlink traffic channel segment signals.

[0053] WT identification information 254 includes, e.g., a base station assigned active
user identifier and an IP address associated with WT 1. Device/session/resource information
254 includes uplink and downlink segments, e.g., traffic channel segments, assigned to WT 1 by
scheduling module 226 and session informatiqn including address and routing information

pertaining to peer nodes of WT1 in communication sessions with WT 1.

[0054] Channel quality information 257 includes information obtained or derived from a
received channel quality report from WT 1 and channel quality information determined from
measurements and evaluation of uplink signals from WT1. Downlink interference estimation
information 258 includes base station estimates of the potential interference levels is expected to
be generated by transmitting to WT1, e.g., on a downlink traffic channel segment, in accordance
with expected transmission power levels corresponding to different potential rate options and/or

a determined rate option.

[0055] Amount of downlink user data 256 is a BS 200 measure, using information

currently available to BS 200, of the current downlink data transmission needs of WT1. Amount
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of downlink user data 256 may be used by scheduling module 226 in determining the number of

downlink traffic channel segments to assign to WT1.

[0056] Downlink assigned segment information 259 may include one or more sets of
segment information (segment 1 information 260, segment N information 261), e.g., depending
upon current assignments to WT'1. Segment 1 information 260, includes a segment identifier
262, an assigned rate option 263, assignment signal information 264, user data 266, coded user
data 267, modulation symbol values 268, and, for some segments depending upon the assigned

rate option 263, special block information 269.

[0057] = Segment identifier 262, e.g., a segment index number, identifies the downlink
traffic channel segment from among a plurality of downlink traffic channel segments in the
downlink timing structure. Assigned rate option is the determined data rate option determined
by module 228 for the downlink traffic channel segment. Assignment signal information 264
includes coded rate information 265. Coded rate information 265 includes information, e.g., two
bits, specifying the actual assigned rate 2633 or identifying that a special information block will
be used in the downlink traffic channel segment, said special information block including
information identifying the assigned rate option 263. User data 266 includes the user
information bits which are encoded into coded user data 267, for the downlink traffic channel
segment corresponding to the coding rate and code corresponding to the assigned rate option
263. Modulation symbol values 268 includes the modulation symbol values generated from
mapping the coded user data bits 267 onto the modulation constellation being used for the
downlink traffic channel segment, corresponding to the assigned rate option, e.g., the
modulation constellation being one of QPSK, QAM 16, QAM64, QAM?256. The number of
modulation symbol values 268, for the downlink traffic channel segment may vary depending

upon whether or not a special information block is included.

[0058] Special information block information 269 includes information bits 270
including rate option information 270, coded bits 272, and modulation symbol values 273. For
example, the special information block info 269 may be used if the segment corresponds to any
of a higher set of rate options, e.g., data rate option 3-10 using QAM16, QAM64 or QAM256
modulation constellations for coded user data, while block 269 may be omitted for lower rate
options, e.g., data rate options 0-2 using a QPSK modulation constellation for coded user data.

The information bits 270 represent the input to the special information block, e.g., 5 information
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bits when a first format is used or 8 information bits when a second format is used. Information

bits 270 include rate option information bits 271, e.g., 1 bit specifying between two possible rate
* options such as rate option 3 or 4 in a first format or 3 bits specifying between six possible rate
options such as rte options 5, 6, 7, 8, 9, 10, with reserve for two additional rate options to be
specified in a second format. The rate specified in rate option info 271, corresponds to the
assigned rate option 263. Coded bits 272 is a set of coded bits, e.g., 32 coded bits,
conespon&ing to the info bits 270 using the code and coding rate in accordance with the
assigned rate option. Two different coding methods are used to determine the coded bits 272 in
accordance with either a first or second format type, each format type corresponding to a group
of codes. Modulation symbol values 273 represent QPSK symbol values generated by the
mapping of the coded bits 272, e.g., 16 QPSK symbol values. In accordance with one feature of
various embodiments of the present invention, for a given downlink traffic channel segment, the
modulation symbol values 273 take on two values from the set of four possible values, the two

values representing diagonally opposed quadrants or opposed positions in the complex plane.

[0059] System data/information 248 includes uplink/downlink timing and frequency
structure information 274, downlink traffic channel assignment signaling information 275,
downlink traffic channel rate option/encoding/modulation information 276, and special block

information 277.

[0060] Uplink/downlink timing and frequency structure information 274 includes, e.g.,
symbol timing information, tone spacing information, number of uplink tones, number of
downlink tones, uplink carrier frequency, downlink carrier frequency, uplink bandwidth,
downlink bandwidth, uplink set of tones, downlink set of tones, uplink tone hopping
informatioh, uplink dwell information, downlink tone hopping information, downlink traffic
segment structure information, uplink traffic segment structure information, repetitive timing
structures, e.g., symbol time intervals and grouping of symbol time intervals into, e.g., dwells,
half-slots, slots, superslots, beacon slots, ultra slots, etc., relationships between assignment
signals and downlink traffic channel segments. Downlink traffic channel segment structure
information includes information identifying groupings of air link resources, e.g., tone-symbols,
into segments, and information identifying further groupings of the air link resources of a
segment into sub-segments, e.g., information identifying which tone-symbols of a downlink
traffic channel segment are used for a special information block and which tone-symbols of the

same downlink traffic channel segment are used for a coded user data block, when the downlink
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traffic channel segment corresponds to one of the data rate options employing the special

information block.

[0061] Downlink traffic channel assignment signaling information 275 includes
information identifying fields and the significance of different possible values within the fields
within assignments signals, e.g., information pertaining to a downlink traffic channel segment
rate option sub-field in an assignment signal. For example, a 2 bit rate option sub-field in an
assignment signal, corresponding to a downlink traffic channel segment, may convey three
possible low level rate options, e.g., rate options 0, 1, 2 as indicated by bit pattern (00, 01, or 10)
or may convey that one of a higher level rate options is used and that the actual assigned rate
will be conveyed in a special information block as part of the downlink traffic channel segment,
e.g., bit pattern (11) may convey that one of rate options (3-10) is used and that the actual rate is

included in a special information block of the downlink traffic channel segment.

[0062] Downlink traffic channel rate option/encoding/modulation information 276
includes information identifying the various downlink traffic channel data rate options supported
by the base station, the number of MAC frames corresponding to each data rate option, the
number of information bits corresponding to each data rate option, the codeword length and
code used corresponding to each data rate option, and the modulation constellation used

corresponding to each data rate option,

[0063] Special information block information 277 includes 1* format data/information
278 and 2° format data/information 279. First format data/information 278 includes
information identifying which downlink traffic channel data rate options are associated with the
first format for the special information block, the information bit fields of a 1 format special
information block, the bit size of each field, the interpretation given to the bit values in each
field, the coding method uses, e.g., including code generation matrix, coding bit mapping
information to modulation symbols, the modulation scheme used, etc. For example, the first
format, may be associated with two downlink traffic channel rate options 3 and 4; a first format
special information block may convey 5 information bit including a single bit rate option
indicator which indicates either rate option 3 or 4, and a 4 bit transmission power indicator
value, the coding may be based upon Reed-Muller codes and may result in 32 coded bits

mapped to 16 QPSK modulation symbol values.
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[0064] Second format data/information 279 includes information identifying which

downlink traffic channel data rate options are associated with the second format for the special
information block, the information bit fields of a 2nd format special information block, the bit
size of each field, the interpretation given to the bit values in each field, the coding method uses,
e.g., including code generation matrix, coding bit mapping information to modulation symbols,
the modulation scheme used, etc. For example, the second format, may be associated with six
downlink traffic channel rate options 5-10 with 2 reserved designations; a second format special
information block may convey 8 information bits including a three bit rate option indicator
which indicates which rate option from the range of rate options 5-10 has been assigned, and a 5
bit transmission power indicator value, the coding may be based upon Reed-Muller codes and
may result in 32 coded bits mapped to 16 QPSK modulation symbol values. First and second
format data/information 278, 279 may each be associated with a different group of codes, e.g.,
such that possible QPSK modulation symbols values corresponding to a 1% format special
information block are different, e.g., different quadrants in the compléx plane, than modulation

symbol values corresponding to a 2™ format special information block.

[0065] Figqre 3 is a drawing of an exemplary wireless terminal 300, implemented in
accordance with the present invention and using methods of the present invention. WT 300 may
be any of the WTs (110, 112, 114, 116) of system 100 of Figure 1. Exemplary WT 300 includes
areceiver 302, a transmitter 304, a processor 306, user I/O devices 308, and memory 310
coupled together via a bus 312 over which the various elements may interchange data and

information.

[0066] Receiver 302 is coupled to receive antenna 303 through which WT 300 receives
downlink signals from BS 200 including assignments for downlink traffic channel segments and
downlink traffic channel segment signals. Receiver 302 includes a decoder 314 which is used

by WT 300 to decode received downlink signals from BS 200.

[0067] Transmitter 304 is coupled to transmit antenna 305 through which WT 300
transmits uplink signals to BS 200 including channel quality reports, interference reports, uplink
resource request messages, and uplink traffic channel segment signals. In some embodiments,
the same antenna is used as both the transmit antenna 305 and the receive antenna 303.
Transmitter 204 includes an encoder 316 for encoding uplink data/information prior to

transmission.
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[0068] User I/O devices 308 includes, e.g., microphones, speakers, keypad, keyboard,
mouse, touch-screen, camera, displays, alarms, vibration device, etc. Various user I/O devices
308 are used to input user data/information intended for peer nodes of WT 300 and to output
received data/information from peer nodes of WT 300. In addition, user I/O devices 308 are
used by an operator of WT 300 to initiate various functions, e.g., power on, power off, place a

call, terminate a call, etc.

[0069] Memory 310 includes routines 318 and data/information 320. The processor 306,
e.g., a CPU, executes the routines 318 and uses the data/information 320 in memory 310 to

control the operation of WT 300 and implement the methods of the present invention.

[0070] Routines 318 include a communications routine 322 and wireless terminal control
routines 324. The communications routine 322 implements the various communications
protocols used by the WT 300. The wireless terminal control routines 324 control operations of
WT 300 including the operation of receiver 302, transmitter 304, and user I/O devices 308.
Wireless terminal control routines 324 include assignment signal module 326, downlink traffic
channel information recovery module 328, a downlink signaling module 330, and an uplink

signaling module 332.

[0071] Assignment signal module 326 processes received assignment signals, identifying
segment identification information of assigned downlink traffic channel segments assigned to
WT300 and recovering rate information included in the assignment signals, e.g., recovering a
specific assigned data rate for the assigned downlink traffic channel segment or recovering
information indicating that the specific rate for the downlink traffic channel segment will be
included in a special information block of the downlink traffic channel segment. Assignment
signal module 326 includes an assignment decoding module 327 and an assignment type
determination module 329. Assignment decoding module 325 decodes received assignment
signals. Assignment type determination module 329 determines if an assignment is of a first
type which indicates a data rate option corresponding to a downlink channel segment being
assigned by an assignment signal or is of a second type of assignment signal which includes an
indicator indicating that the segment being assigned by the assignment signal includes
information indicating the data rate option used for user data included in the segment being

assigned by the assignment signal. Downlink traffic channel information recovery module 334
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includes a special information block module 334 and a user data module. Special information

block module 334 performs operations to control the recovery of information included in special
information blocks of downlink traffic channel segments assigned to WT 300. Special
information block module 338 includes a format type determination module 338, a first format
module 340, and a second format module 342. Format type determination module 338
determines which format type has been used to encode the information bits of the special
information block of a received downlink traffic channel segment. First format module 340 is
operated to recover the information bits conveyed by the coded information bits of the special
information block, when determined that the special information block uses the first format type.
Second format module 340 is operated to recover the information bits conveyed by the coded
information bits of the special information block, when determined that the special information
block uses the second format type. For example, first format type module 340 may be used,
when called, to recover from 16 QPSK modulation symbol values, 5 information bits including

1 rate option bit indicating a specific rate option among two rate options, e.g., whether the
downlink traffic channel data rate option for the downlink traffic channel was rate option 3 or
rate option 4; while the second format module 342 may be used, when called, to recover from 16
QPSK modulation symbol values, 8 information bits including three rate option bits indicating
which specific downlink traffic channel rate option from among 8 or less rate options, e.g.,
whether the downlink traffic channel rate option for the downlink traffic channel segment is rate
option 5, 6,7, 8,9, or 10.

[0072] User data module 336 is operated to recover user data information bits from the
downlink traffic channel segment. The determined data rate option can be used to influence
operations of the user data information recover operations, e.g., controlling decoder 314
operations. For example, some data rate options, e.g., data rate options 0, 1, 2 using QPSK, may
not use a special information block, while other data rate options, e.g., data rate options 3-10
using QAM16, QAM64 or QAM256 may employ a special information block. In some such
embodiments, when the special information block is not employed, the user data module 336
will the data rate option value recovered from the aséignment signal and each of the modulation
symbols values from the downlink traffic channel segment in the user data information bit
recovery operation. In some such embodiments, when the special information block is
employed, the user data module 336 will use the data rate option indicated by the output of the

special information block module and modulation symbols values associated with non-special
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block tone-symbols from the downlink traffic channel segment in the user data information bit

recovery operation.

[0073] Downlink signaling module 330 controls operation of the receiver 302 and
decoder 314 to receive and process downlink signals from a BS 200, said downlink signals
including downlink traffic channel segment assignment messages and downlink traffic channel
signals. In some embodiments, DL signaling module 330 works in conjunction with assignment

signaling module 326 and/or downlink traffic channel information recovery module 328.

[0074]  Uplink signaling module 338 controls the operation of transmitter 304 and
encoder 316 to encode and transmit uplink signals to BS 200, said uplink signals including
channel quality reports, interference reports, uplink resource request messages and uplink traffic

channel segment messages.

[0075] Data/information 320 includes WT data/info 344, and: system data/information
362. WT data/information 344 includes user data 348, WT identification (ID) information 350,
base station ID information 352, device/session/resource information 354, channel quality
information 350, downlink interference information 358, and downlink assigned segment
information 360. User data 348 includes data/information intended for a peer of WT 300 in a
communications session with WT 300 intended to be transmitted by WT 300 to BS 200 over
uplink traffic channel segments. User data 348 also includes data/information sourced from a
peer of WT 300 in a communications session with WT 300 and received from BS 200 via

downlink traffic segments.

[0076] Wireless terminal identification information 350 includes, e.g., a WT IP address
and a BS 200 assigned WT active user identifier. Base station identifier information 352
includes an identifier, e.g., a value distinguishing the specific BS 200 point of network
attachment to which WT 300 is using as its current point of network attachment, from among a
plurality of different BS point of network attachment in the wireless communications system. In
some embodiments BS ID information 346 includes information identifying a specific sector
and/or carrier frequency being used by the BS point of network attachment.
Device/session/resource information 354 includes uplink and downlink segments, e.g., traffic
channel segments, assigned to WT 300 and session information including address and routing

information pertaining to peer nodes of WT 300 in communication sessions with WT 300.
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Channel quality information 350 includes information measured, derived and estimated
pertaining to the wireless communications channel between WT 300 and BS 200, e.g., a channel
quality report based on received downlink pilot signals. Downlink interference information 358

includes information identifying levels of interference WT 300, e.g., a beacon ratio report.

[0077] Downlink assigned segment information 360 includes information identifying the
downlink traffic channel segments assigned by BS 200 to WT 300, e.g., in received downlink
segment assignment messages. Downlink assigned segment information 360 includes one or
more sets of information (segment 1 information 364, segment N information 366), each set
corresponding to a downlink traffic channel segment assigned to WT 300. Segment 1
information 364 includes a segment identifier 368, assignment signal information 370 including
coded rate information 372, determined assigned rate option 374, modulation symbol values
376, coded user data 378, recovered user data 380, and, for some segments, special block
information 382. Segment identifier 368 identifies the downlink traffic channel segment from
among a plurality of downlink traffic channel segments in the downlink timing and frequency
structure. Assignment signal information includes information from a received assignment
signal identifying WT300 as the recipient of the downlink traffic channel segment identified
with segment ID 368. Coded rate information 372 includes bits in the assignment signal
designated to convey rate option information, e.g., either the actual data rate option used in the
downlink traffic channel segment for user data or an indication that the actual data rate option
used in the traffic channel segment for user data will be conveyed in a special information block
of the downlink traffic channel segment. The determined assigned rate option 374 is the data
rate option assigned by the BS200 and used for the downlink traffic channel segment user data
signals, determined via the assignment signal module 326, e.g., for low rate options such as 0, 1,
2, or determined by special information block module 334, e.g., for higher rate options such as
rate options 3-10. Modulation symbols values 376 include the recovered modulation symbol
values conveying coded user data. In some embodiments, the number of number of recovered
modulation symbols values conveying coded user data for the downlink traffic channel segment
varies, e.g., between two levels depending upon whether or not a special information block is
included in the downlink traffic channel segment. Coded user data 378 includes bit values of
coded bits mapped from the ﬁodulation symbol values 376, while recovered user data 380
includes recovered information bits representing user data decoded from the coded user data bits

378.

-21-



WO 2007/015830 PCT/US2006/027761
[0078] Special block information 382, includes modulation symbol values 384, coded

bits 386, format type 388, and recovered information bits 390. Modulation symbol values 384
includes the recovered modulation symbol values of the tone-symbols of the special information
block of the downlink traffic channel segment, e.g., 16 QPSK modulation symbol values.
Coded bits 386 includes the coded information bits corresponding to the modulation symbol
values 384, e.g., 32 coded bits. Format type 388 includes information identifying whether the
special information block was formatted using a first or second formatting method. Recovered
information bits 390 includes the recovered information bits of the special information block
corresponding to the coded bits 386 in accordance with the coding method and formatting used
by the format type 388. For example, in some embodiments, if a first format type was used,
then 5 information bits are recovered including 1 bit conveying rate option information 392 and
four bits conveying other information, e.g., power level information, while if a second format
type was used, then 8 information bits are recovered including 3 bits conveying rate option

information 392 and 5 bits conveying other information, e.g., power level information.

[0079] Uplink/downlink timing and frequency structure information 393 includes, e.g.,
symbol timing information, tone spacing information, number of uplink tones, number of
downlink tones, uplink carrier frequency, downlink carrier frequency, uplink bandwidth,
downlink bandwidth, uplink set of tones, downlink set of tones, uplink tone hopping
information, uplink dwell information, downlink tone hopping information, downlink traffic
segment structure information, uplink traffic segment structure information, repetitive timing
structures, e.g., symbol time intervals and grouping of symbol time intervals into, e.g., dwells,
half-slots, slots, superslots, beacon slots, ultra slots, etc., relationships between assignment
signals and downlink traffic channel segments. Downlink traffic channel segment structure
information includes information identifying groupings of air link resources, e.g., tone-symbols,
into segments, and information identifying further groupings of the air link resources of a
segment into sub-segments, e.g., information identifying which tone-symbols of a downlink
traffic channel segment are used for a special information block and which tone-symbols of the
same downlink traffic channel segment are used for a codéd user data block, when the downlink
traffic channel segment corresponds to one of the data rate options employing the special
information block. Different sets of UL/DL timing and frequency structure information 393
may exist and be stored in WT 300 corresponding to different BSs 200 in the wireless

communications system.
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[0080] Downlink traffic channel assignment signaling information 396 includes

information identifying fields and the significance of different possible values within the fields
within assignments signals, e.g., information pertaining to a downlink traffic channel segment
rate option sub-field in an assignment signal. For example, a 2 bit rate option sub-field in an
assignment signal, corresponding to a downlink traffic channel segment, may convey three
possible low level rate options, e.g., rate options 0, 1, 2 as indicated by bit pattern (00, 01, or 10)
or may convey that one of a higher level rate options is used and that the actual assigned rate
will be conveyed in a special information block as part of the downlink traffic channel segment,
e.g., bit pattern (11) may convey that one of rate options (3-10) is used and that the actual rate is

included in a special information block of the downlink traffic channel segment.

[0081] Downlink traffic channel rate option/decoding/demodulation information 394
includes information identifying the various downlink traffic channel data rate options supported
by the base station, the number of MAC frames corresponding to each data rate option, the
number of information bits corresponding to each data rate option, the codeword length and
code used corresponding to each data rate option, the modulation constellation used
corresponding to each data rate option, demodulation methods and decoding methods. Such

information 394 is used in the demodulating and decoding operations performed.

[0082] Special information block information 397 includes 1% format data/information
398 and 2™ format data/information 399. First format data/information 398 includes
inforfnation identifying which downlink traffic channel data rate options are associated with the
first format for the special information block, the information bit fields of a 1 format special
information block, the bit size of each field, the interpretation given to the bit values in each
field, the decoding method to use, €.g., including information bit recovery matrix, modulation
symbols to coded bit mapping information, the demodulation scheme to use, etc. For example,
the first formét, may be associated with two downlink traffic channel rate options 3 and 4; a first
format special information block may convey 5 information bit including a single bit rate option
indicator which indicates either rate option 3 or 4, and a 4 bit transmission power indicator
value, the coding may be based upon Reed-Muller codes and may result in 32 coded bits
mapped to 16 QPSK modulation symbol values. Second format data/information 279 includes
information identifying which downlink traffic channel data rate options are associated with the
second format for the special information block, the information bit fields of a 2nd format

special information block, the bit size of each field, the interpretation given to the bit values in
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each field, the decoding method to use, e.g., including information bit recovery matrix,
modulation symbol to coded bit mapping information, the demodulation scheme to used, etc.
For example, the second format, may be associated with six downlink traffic channel rate
options 5-10 with 2 reserved designations; a second format special information block may
convey 8 information bits including a three bit rate option indicator which indicates which rate
option from the range of rate options 5-10 has been assigned, and a 5 bit transmission power
indicator value, the coding may be based upon Reed-Muller codes and may result in 32 coded
bits mapped to 16 QPSK modulation symbol values. First and second format data/information
398, 399 may each be associated with a different group of codes, e.g., such that possible QPSK
modulation symbols values corresponding to a 1% format special information block are different,
e.g., different quadrants in the complex plane, than modulation symbol values corresponding to

a 2™ format special information block.

[0083] Base station identification information 395 includes information used to
distinguish between different base station cells, sectors and/or frequencies used in the
communications system. For example, different values of pilot tone signal slopes may be used

in different adjacent cells in the system.

[0084] TFigure 4 is a drawing of a table 400 of exemplary downlink traffic channel rate
option information in accordance with the present invention. First column 402 lists downlink
traffic channel rate options (0, 1, 2, 3,4, 5, 6, 7, 8,9, 10). Second column 404 lists the number
of MAC frames (1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 18) which corresponds to each of the rate options
0,1,2,3,4,5,6,7,8,9, 10), respectively. Third column 406 lists the number of information
bits (k) (224, 432, 640, 848, 1056, 1264, 1680, 2096, 2512, 2928, 3760) which corresponds to
each of the rate options (0, 1,2, 3, 4, 5, 6, 7, 8, 9, 10), respectively. Fourth column 408 lists the
codeword length (n) (1344, 1344, 1344, 2624, 2624, 2624, 2624, 3936, 3936, 5248, 5248) which
corresponds to each of the rate options (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10), respectively. Fifth column
410 lists the modulation constellation used (QPSK, QPSK, QPSK, QAM16, QAM16, QAM]16,
QAMI6, QAM64, QAM64, QAM256, QAM256) which corresponds to each of the rate options
©0,1,2,3,4,5,6,7,8,9, 10), respectively. It should be noted that the codeword length for rate
options using QPSK corresponds to 672 OFDM tone-symbols, while for rate options using
QAM16, QAM64, or QAM256 modulation constellations, the codeword length corresponds to
656 OFDM tone-symbols.
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[0085] Figure 5 is a table 500 including exemplary downlink traffic channel assignment

signaling information. First column 502 includes rate option sub-field values, the rate option
sub-field using 2 bits. Second column 504 includes notes identifying the meaning associated
with each rate option subfield value. First row 506 identifies that if the downlink traffic channel
assignment rate option subfield bits equal 00, then rate option 0 is used in the assigned downlink
traffic channel segment. Second row 508 identifies that if the downlink traffic channel
assignment rate option subfield bits equal 01, then rate option 1 is used in the assigned downlink
traffic channel segment. Third row 510 identifies that if the downlink traffic channel assignment
rate option subfield bits equal 10, then rate option 2 is used in the assigned downlink traffic
channel segment. Fourth row 512 identifies that if the downlink traffic channel assignment rate
option subfield bits equal 11, then rate option 3, 4, 5, 6, 7, 8, 9 or 10 is used in the assigned
downlink traffic channel segment, and the actual rate option will be signaled in a special

information block of the assigned downlink traffic channel segment.

[0086] TFigure 16 illustrates exemplary downlink traffic channel segments and
concatenation of modulation symbols, in accordance with various embodiments of the present
invention. Block 1600 illustrates an exemplary downlink traffic channel segment including 672
modulation symbols. Block 1602 indicates the position of the most significant modulation
symbol of downlink traffic channel segment 1600, while block 1604 indicates the position of the
least significant modulation symbol of downlink traffic channel segment 1604. Block 1606
illustrates an exemplary downlink traffic channel segment including a special information block
of 16 modulation symbols 1608 and a block of 656 modulation symbols from MAC frames and
segment CRC 1610. Exemplary downlink traffic channel segment 1606 may be exemplary
downlink traffic channel segment 1600, in the case where a special information block is
included, e.g., for rate options 3-10, where the coded user data is conveyed by a modulation
technique other than QPSK, e.g., QAM16, QAM64 or QAM256. Block 1612 indicates the
position of the most significant modulation symbol of the special information block 1608, while
block 1614 indicates the position of the least significant modulation symbol of the special
information block 1614. Block 1616 indicates the position of the most significant modulation
symbol of the block including MAC frame and segment CRC information 1610, while block
1618 indicates the position of the least significant modulation symbol of the block including
MAC frame and segment CRC information 1610. The blocks (1602, 1604, 1608, 1610, 1612,
1614, 1616, and 1618) of Figure 16 are not drawn to scale, but are rather included to convey

relative position information.
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[0087] Figure 6 shows two exemplary downlink traffic channel segments 600 and 650.
Each exemplary downlink traffic channel segment is 48 tones wide (tone 0 .. tone 47) and
occupies a time interval of 16 OFDM symbol transmission time intervals. Each downlink traffic
channel segment 600, 650 occupies air link resources of 672 OFDM tone-symbols, each OFDM
tone-symbol represented by a small square box. Each tone-symbol can be used to convey a
modulation symbol value. Exemplary segment 600 is representative of a downlink traffic
channel segment using QPSK, e.g., rate options 0, 1, 2. Fach of the 672 OFDM tone-symbols
can be used to convey coded bits corresponding to the coded user data/information bits.
Exemplary segment 650 is representative of a downlink traffic channel segment using QAM16,
QAM64, or QAM256, e.g., rate options 3, 4, 5,6, 7, 8, 9, or 10 tp convey user data. 656 of the |
672 OFDM tone-symbols can be used to convey coded bits corresponding to the coded user
data/information bits. The other 16 OFDM tone-symbols, represented by special block 651 are

used to convey rate option information and other information, e.g., power control information.

[0088] Figure 6A shows exemplary downlink traffic channel segment 660. Exemplary
downlink traffic channel segment 660 is 48 tones wide (tone 0 .. tone 47) and occupies a time
interval of 16 OFDM symbol transmission time intervals. Exemplary downlink traffic channel
segment 660 occupies air link resources of 672 OFDM tone-symbols, each OFDM tone-symbol
represented by a small square box. Each tone-symbol can be used to convey a modulation
symbol value. Exemplary segment 660 is representative of a downlink traffic channel segment
using QAM16, QAM64, or QAM256, e.g., rate options 3, 4, 5, 6, 7, 8, 9, or 10 to convey user
data. 656 of the 672 OFDM tone-symbols can be used to convey coded bits corresponding to
the coded user data/information bits. The other 16 OFDM tone-symbols, represented by a
special block are used to convey rate option information and other information, e.g., power
control information. In this embodiment of the present of invention, the special block is the
composite of two smaller blocks, block 661 and block 662. Block 661 and 662 each include 8
OFDM tone-symbols and occupy different OFDM symbol index positions within the segment.
By including portions of the special information block in different OFDM transmission time
intervals within the downlink traffic channel segment, e.g., the first and last OFDM symbol
transmission time intervals, the special information block may be made less susceptible to
fading conditions, and the likelihood that the information conveyed by the special information
block, including the rate option information, will be successfully recovered by the wireless

terminal is increased.
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[0089] Figure 7 shows two exemplary downlink traffic channel segments 700 and 750.
Each exemplary downlink traffic channel segment is 24 tones wide (tone 48 .. tone 71) and
occupies a time interval of 32 OFDM symbol transmission time intervals. Each downlink traffic
channel segment 700, 750 occupies air link resources of 672 OFDM tone-symbols, each OFDM
tone-symbol represented by a small square box. Each tone-symbol can be used to convey a
modulation symbol value. Exemplary segment 700 is representative of a downlink traffic
channel segment using QPSK, e.g., rate options 0, 1, 2. Each of the 672 OFDM tone-symbols
can be used to convey coded bits corresponding to the coded user data/information bits.
Exemplary segment 750 is representative of a downlink traffic channel segment using QAM16,
QAMG64, or QAM256, e.g., rate options 3, 4, 5, 6, 7, 8, 9, or 10 to convey user data. 656 of the
672 OFDM tone-symbols can be used to convey coded bits corresponding to the coded user
data/information bits. The other 16 OFDM tone-symbols, represented by special block 751 are

used to convey rate option information and other information, e.g., power control information.

[0090] TFigure 8 shows two exemplary downlink traffic channel segments 800 and 850.
Each exemplary downlink traffic channel segment is 12 tones wide (tone 72 .. tone 83) and
occupies a time interval of 64 OFDM symbol transmission time intervals. Each downlink traffic
channel segment 800, 850 occupies air link resources of 672 OFDM tone-symbols, each OFDM
tone-symbol represented by a small square box. Each tone-symbol can be used to convey a
modulation symbol value. Exemplary segment 800 is representative of a downlink traffic
channel segment using QPSK, e.g., rate options 0, 1, 2. Each of the 672 OFDM tone-symbols
can be used to convey coded bits corresponding to the coded user data/information bits.
Exemplary segment 850 is representative of a downlink traffic channel segment using QAMI16,
QAM64, or QAM256, e.g., rate options 3, 4, 5, 6, 7, 8, 9, or 10 to convey user data. 656 of the
672 OFDM tone-symbols can be used to convey coded bits corresponding to the coded user
data/information bits. The other 16 OFDM tone-symbols, represented by special block 851 are

used to convey rate option information and other information, e.g., power control information.

[0091] Figure 9 is a table 900 describing downlink traffic channel segment rate option
information and corresponding special information block information. First column 902 lists
downlink traffic channel segment rate option ranges; second column 904 identifies whether or
not the special information block is used; third column 906, identifies the format type of the

special information block when used. First row 908 describes that for downlink traffic channel
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rate options 0-2, the special information block is not implemented. Second row 910 describes
that for rate options 3-4, the special information block is included in the downlink traffic
channel segment, and the special information block uses a first type format, format 1. Third row
912 describes that for rate options 5-10, the special information block is included in the
downlink traffic channel segment, and the special information block uses a second type format,

format 2.

[0092]  Figure 10 is a table 1000 describing an exemplary special information block in a
downlink traffic channel segment using exemplary format 1. Exemplary special information
block, using first type format, conveys 5 information bits. First column 1002 identifies
parameters associated with the special information block; second column 1004 includes the
information bit size associated with each parameter; third column 1006 describes the values the
information bits can represent; four column 1008 includes notes associated with the values.
First row 1010 describes that if the rate indicator parameter, represented by 1 information bit, is
equal to a value of 0, then the downlink traffic channel segment uses rate option 3. Second row
1012 describes that if the rate indicator parameter, represented by 1 information bit, is equal to a
value of 1, then the downlink traffic channel segment uses rate option 4. Third row 1014
describes that a transmission power indicator parameter, represented by 4 information bits, can
have an integer value n in the range of 0..15, the transmission power indicator value indicating
the transmission power of the downlink traffic channel segment, where the value is a non-
negative integer n indicating that the per tone relative transmission power of the downlink traffic

channel segment has a downlink traffic channel power offset = n/4 + 2 dB.

[0093] Figure 11 is a table 1100 describing an exemplary special information block in a
downlink traffic channel segment using exemplary format 2. Exemplary special information
block, using second type format, conveys 8 information bits. First column 1102 identifies
parameters associated with the special information block; second column 1104 includes the
information bit size associated with each parameter; third column 1106 describes the values the
information bits can represent; four column 1108 includes notes associated with the values.
First row 1110 describes that if the rate indicator parameter, represented by 3 information bit, is
equal to a value of 0, then the downlink traffic channel segment uses rate option 5. Second row
1112 describes that if the rate indicator parameter, represented by 3 information bits, is equal to
a value of 1, then the downlink traffic channel segment uses rate option 6. Third row 1114

describes that if the rate indicator parameter, represented by 3 information bit, is equal to a value
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of 2, then the downlink traffic channel segment uses rate option 7. Fourth row 1116 describes

that if the rate indicator parameter, represented by 3 information bits, is equal to a value of 3,
then the downlink traffic channel segment uses rate option 8. Fifth row 1118 describes that if
the rate indicator parameter, represented by 3 information bit, is equal to a value of 4, then the
downlink traffic channel segmeﬁt uses rate option 9. Sixth row 1120 describes that if the rate
indicator parameter, represented by 3 information bits, is equal to a value of 5, then the
downlink traffic channel segment uses rate option 10. Seventh row 1122 describes that if the
rate indicator parameter, represented by 3 information bit, is equal to a value of 6, this is a
reserved condition. Eighth row 1124 describes that if the rate indicator parameter, represented
by 3 information bits, is equal to a value of 7, then this is a reserved condition. Ninth row 1126
describes that a transmission power indicator parameter, represented by 5 information bits, can
have an integer value n in the range of 0..31, the transmission power indicator value indicating
the transmission power of the downlink traffic channel segment, where the value is a non-
negative integer n indicating that the per tone relative transmission power of the downlink traffic

channel segment has a downlink traffic channel power offset = n/4 + 2 dB.

[0094] Figure 12 includes an exemplary special information block 1202 including 16
exemplary modulation symbols (S0, S1, S2, S3, S4, S5, S6, S7, S8, 89, S10, S11, S12, S13, S14,
S15). Table 1204 identifies that group A codes are used for a first type format to convey 5
information bits including 1 rate option indicator bit. Graph 1208, a graph of the complex plane,
indicates that group A codes use QPSK modulation symbol values that may be in two designated
quadrants, diagonally situated, of the four quadrants, as indicated by modulation symbol value
1210 and modulation symbol value 1214. Table 1206 identifies that group B codes are used for
a second type format to convey 8 information bits including 3 rate option indicator bits. Graph
1216, a graph of the complex plane, indicates that group B codes use QPSK modulation symbol
values that may be in two designated quadrants, diagonally situated, of the four quadrants, as
indicated by modulation symbol value 1218 and modulation symbol value 1220. It should be
noted that the two quadrants used for group A codes are different from the two quadrants used

for type B codes.

[0095] In accordance with one feature of the present invention, a WT receiving a
downlink traffic channel segment that is known, e.g., via the assignment signal, to include a
special information block, can capture energy of the 16 modulation symbols of the special

information segment, and identify which of the two possible diagonal lines the energy is being
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accumulated along. This will identify the format used, then the coded bits of the special

information block can be decoded and the original information bits including the rate option

indicator bit or bits can be recovered.

[0096] In accordance with another feature of some embodiments of the present
invention, the mobile node's decoding ability can be matched to the number of bits. If the
mobile node, is unable to successfully decode the small code, associated with the special
information block, the mobile node is unlikely to be able to decode the coded user information
bits using QAM16, QAMG64, or QAM256 of the downlink traffic channel segment. In addition,
in some embodiments, the special information block, when being encoded to convey a first
number of information bits is matched with a first set of data rate options, while when being
- encoded to con\“/ey a second number of information bits is matched with a second set of data rate
options, the first set of data rate options being lower than the second set of data rate options and
the first number of information bits being lower than the second number of information bits. For
example, consider an exemplary embodiment that uses 11 downlink traffic channel data rate
options (0-10), with the lowest data rate option being data rate option 0, representing 1 frame of
user data being communicated in the downlink traffic channel segment, and the highest data rate
option 10, representing 18 frames of user data being communicated in the downlink traffic
channel segment. In one such embodiment for the lowest set of data rate options (0-2) a special
information block is not used, and a QPSK modulation constellation is used for the coded user
data bits; for an intermediate level of data rate options (3-4) a special information block is used
with 5 information bits including 1 data rate option bit, and a QAM16 modulation constellation
is used for coded user data bits; for a high level of data rate options (5-10) a special information
block is used with 8 information bits including 3 information bits for conveying data rate
options, and one of a QAM16, QAMG64, or QAM256 modulation constellation is used for coded
user data bits, with the one of QAM16, QAM64 or QAM256 being a function of data rate

option.

[0097] Figure 13 is a drawing 1300 illustrating exemplary information bit to coded bit
processing and exemplary coded bit to modulation symbol mapping for a special information
block of a downlink traffic channel segment using a first format, in accordance with the present
invention. Figure 13 illustrates processing and mapping for an exemplary first format which
obtains 32 coded bits from 5 information bits, including 1 rate indicator option bit, and maps the

coded bits to 16 modulation symbols of the special information block. Information bit vector
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1302 is multiplied by generation matrix (G 32) 1304 to generate a coded bit vector 1306, where
each element of the vectors and matrix is either a 0 or 1. Information bit vector (bsbsbb;bg0)
1308 can be information bit vector 1302, where each bit by, ... ,bp is one of the 5 information
bits, and one of the information bits, e.g., bs , can be the rate option indicator bit. Generation
matrix 1310, using Reed-Muller codes, can be generation matrix 1304, and coded output bit
vector (Xa1, X30,...,X0) 1312 can be coded bit vector 1306. Block 1314 shows exemplary
mapping of coded bit pairs from vector 1312 to modulation symbols. Block 1316 illustrates that
the modulation symbol SO is designated the most significant modulation symbol, while the
modulation symbol S15 is designated the least significant modulation symbol and that each of
the sixteen modulation symbol represents either the coded bit pair (0,0) or (1,1).

[0098] Figure 14 and Figure 15 are drawings (1400, 1500) illustrating (first, second)
portions of exemplary information bit to coded bit processing and exemplary coded bit to
modulation symbol mapping for a special information block of a downlink traffic channel
segment using a second format, in accordance with the present invention. Figure 14 and Figure
15, in combination, illustrate processing and mapping for an exemplary second format which
obtains 32 coded bits from 8 information bits, including 3 rate indicator option bit, and maps the
coded bits to 16 modulation symbols of the special information block. Information bit vector
1402 is multiplied by generatién matrix (Gs,16) 1404 to generate a coded bit vector 1406, where
each element of the vectors and matrix is either a 0 or 1. Information bit vector (b7bgbsbs1) 1408
can be information bit vector 1402, where each bit by, ... ,bs is one of the 8 information bits, and
three of the information bits, e.g., b7, be, bs, can be the rate option indicator bits. Generation
matrix 1410, using Reed-Muller codes, can be generation matrix. 1404, and coded output bit
vector (X5, X14,...,X0) 1412 can be coded bit vector 1406. Block 1414 shows exemplary
mapping of coded bit pairs from vector 1412 to 8 modulation symbols. Block 1416 illustrates
that the modulation symbol Sy is designated the most significant modulation symbol and that
each of the eight modulation symbol represents either the coded bit pair (1,0) or (0,1).
Information bit vector 1502 is multiplied by generation matrix (Gs 1) 1504 to generate a coded
bit vector 1506, where each element of the vectors and matrix is either a 0 or 1. Information bit
vector (bsbybibgl) 1408 can be information bit vector 1402, where each bit by, ... ,bs is one of the
8 information bits. Generation matrix 1510, using Reed-Muller codes, can be generation matrix
1504, and coded output bit vector (Y 1;5, Yi4,...,Yg) 1512 can be coded bit vector 1506. Block
1514 shows exemplary mapping of coded bit pairs from vector 1512 to 8 modulation symbols.

Block 1516 illustrates that the modulation symbol S;5 is designated the least significant
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modulation symbol and that each of the eight modulation symbol represents either the coded bit

pair (1,0) or (0,1).

[0099] In some embodiments, the 3 coded rate option bits may be included in
information bit vector 1508 rather than in information bit vector 1408; while in other
embodiments, the three rate option indicator bits may be partitioned between information bit

vector 1408 and 1508 with some rate option indicator bits included in each vector 1408, 1508.

[00100]  Consider that coded bit pattern (0,0) is mapped to represent as a QPSK
modulation symbol in a first quadrant, e.g., with a value (1+) in the complex plane, coded bit
pattern (1,1) is mapped to represent a QPSK modulation symbol in a second, diagonally
opposed, quadrant, e.g., with a value (-1-i) in the complex plane, coded bit pattern (1,0)is
mapped to represent a QPSK modulation symbol in a third quadrant, e.g., with a value of (1, 1),
and coded bit pattern (0,1) is mapped to represent a QPSK modulation symbol in a fourth,
diagonally opposed to the third quadrant, quadrant, e.g., with a value (-1, i) in the complex
plane. If the special information block in the first type format, each of the sixteen modulation
symbol values will be in a first set of two, while if the special information block is of the second
type format, each of the sixteen modulation symbols will be in a second set of two, said second
set being mutually exclusive from said first set. A wireless terminal receiving the special
information block modulation signals, can first determine which of the two sets the signals
correspond to, can determine the corresponding format type used, and can decode the signals

using the determined format type recovering the rate option being conveyed.

[00101]  Figure 17 is a flowchart 1700 of an exemplary method of operating a base station,
in accordance with the present invention. Operation starts in step 1702, where the base station is
powered on and initialized. For each downlink traffic channel segment, operation proceeds to
step 1704. In step 1704, the base station determines a wireless terminal to be assigned for the
downlink traffic channel segment and the rate option, e.g., a data rate option corresponding to
coding rate information and modulation scheme, to use for the segment. In some embodiments,
the base station may assign a downlink traffic channel segment to more than one user, €.g., as
part of a multi-cast assignment or a broadcast. In some embodiments, where there is no user
information to be transmitted for a particular downlink traffic channel segment, e.g., due to low
system loading levels, the base station may leave the segment unassigned or transmit a dummy

assignment signifying that the segment is unassigned, and subsequently not transmit for that
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downlink traffic channel segment. The determination of which wireless terminal receives the
assignment for the downlink traffic channel segment and the rate option of the segment may be
determined in accordance with the policy rules of the base station's scheduler and may include
using interference level information, e.g., derived, in part, from feedback reports such as beacon
ratio reports received from the wireless terminals. Operation proceeds from step 1704 to step
1706.

[00102] Instep 1706, the base station determines whether the determined rate option for
the downlink traffic channel segment corresponds to QPSK modulation or to a different
modulation scheme, e.g., one of QAM16, QAM64, QAM256. For example, the downlink traffic
channel may support eleven different rate options, each rate option being associated with a
coding rate and a modulation scheme, and rate options 0, 1, and 2, the lowest three data rate
options of the eleven, may use QPSK modulation. If the determination of step 1706, is that the
determined rate option corresponds to QPSK modulation, then operation proceeds to step 1708;

otherwise, operation proceeds to step 1710.

[00103] In step 1708, the base station encodes the rate option for the downlink traffic
channel segment in the assignment signal corresponding to the downlink traffic channel
segment, e.g., indicating rate option 0, 1, or 2. In some embodiments, there is fixed
predetermined association linking assignment signals with downlink traffic channel segments
with the downlink timing structure. Then, in’step 1712 the base stations sends the assignment
signal to the wireless terminal via downlink signaling. Operation proceeds from step 1712 to
step 1714. In step 1714, the base station encodes user data for the downlink traffic channel
segment using the coding rate corresponding to the determined rate option. Operation proceeds
from step 1714 to step 1716. In step 1716, the base station maps coded bits from the operation
of step 1714, into modulation symbol values using QPSK. Operation proceeds from step 1716
to step 1718. In step 1718, the base station is operated to associate modulation symbol values
with tone-symbols of the traffic channel segment. Then, in step 1720, the base station is

operated to transmit downlink traffic channel segment signals.

[00104] Returning to step 1706, if in step 1706 the determined rate option did not
correspond to QPSK modulation, then operation proceeds from step 1706 to step 1710. For
example, the downlink traffic may support eleven different rate options for the downlink traffic

channel segment and the 8 highest data rate options, rate options 3-10, may correspond to non-
-33-



WO 2007/015830 PCT/US2006/027761
QPSK modulation. In step 1710, the base station is operated to encode information in the

assignment signal, corresponding to the downlink traffic channel segment, indicating that the
specific rate option value for the downlink traffic channel segment will be conveyed in a special
information block of the downlink traffic channel segment. For example, the assignment signal
can have a field including two bits associated with rate option information, and when the value
of those two bits is a particular pattern, e.g., 11, that pattern signifies that the rate option value
for the downlink traffic channel segment will be conveyed in a special information block of the |
segment, and that the rate option value will be within a range, e.g., 3-10. Operation proceeds
from step 1710 to step 1722, where the base station is operated to send the assignment signal to

the wireless terminal. Operation proceeds from step 1722 to step 1724.

[00105] Instep 1724, the base station is operated to determine if the determined rate
option corresponds to a first or second format. For example, exemplary rate options 3-10 may
be partitioned to correspond to two different formats, used for the special information block. A
first format may correspond to lower data rates, e.g., rate options 3-4 and a second format may
correspond to higher data rate, e.g., rate options 5-10. Ifit is determined in step 1724 that the
determined rate option corresponds to the first special block format, then operation proceeds to
steps 1726 and 1728; while if it is determined in step 1724, that the determined rate option

corresponds to the second special block format, then operation proceeds to steps 1730 and 1732.

[00106] In step 1726, the base station is operated to encode the user data for the downlink
traffic channel segment using the coding rate corresponding to the determined rate option, e.g.,
one of rate options 3 or 4. Operation proceeds from 1726 to step 1734, where the base station is
operated to map the coded bits from step 1726 into modulation symbol values in accordance

with the determined rate option, e.g., using QAM16.

[00107] In step 1728, the base station is operated to code 5 information bits including one
bit for rate option information into 32 coded bits using a first coding method, e.g., producing 16
coded bit pairs, with each coded bit pair being one of (00) or (11). In some embodiments, Reed-

Muller codes are used in step 1728.

[00108] In step 1732, the base station is operated to encode the user data for the downlink
traffic channel segment using the coding rate corresponding to the determined rate option, e.g.,

one of rate options 5, 6, 7, 8, 9, 10. Operation proceeds from 1732 to step 1742, where the base
-34-



WO 2007/015830 PCT/US2006/027761
station is operated to map the coded bits from step 1732 into modulation symbol values in

accordance with the determined rate option, e.g., using QAM16 corresponding to rate options 5-

6, QAM64 corresponding to rate options 7-8, or QAM256 corresponding to rate options 9-10.

[00109] In step 1730, the base station is operated to code 8 information bits including
three bits for rate option information into 32 coded bits using a second coding method, e.g.,
producing 16 coded bit pairs, with each coded bit pair being one of (10) or (01). In some

embodiments, Reed-Muller codes are used in step 1730.

[00110] Operation proceeds from step 1728 or step 1730 to step 1738, where the base
station is operated to map the 32 coded bits into modulation symbols using QPSK. Operation
proceeds from step 1738 to step 1740, where the base station is operated to associate modulation
symbol values with tone-symbols of the downlink traffic channel segment reserved for special

block information.

[00111] Operation proceeds from step 1734 or step 1742 to step 1736, where the base
station is operated to associate modulation symbol values from steps 1734 or step 1742 with

tone-symbols of the traffic channel segment reserved for the user data portion.

[00112] Operation proceeds from step 1740 and step 1736 to step 1720, where the base

station is operated to transmit downlink traffic channel segment signals.

[00113] Downlink traffic channel segment assignment signals used in some but not
necessarily all embodiments of the present invention have a fixed predetermined relationship in
terms of transmission time and/or frequency to the traffic channel segment being assigned by the
assignment signal. A downlink assignment signal in various embodiments of the invention may
include a wireless terminal identifier that corresponds to an individual wireless terminal, a group
of active wireless terminals, or a null group of wireless terminals where the null group is a
wireless terminal group in which, in some embodiments, no active wireless terminals are
assigned and which is used for segments which are not intended to carry data for an active
terminal, e.g., segments which go unused. Thus, in the case of a multicast transmission, a WT
group identifier may be included in the assignment signal and the members of the group would
listen and use the assigned downlink traffic segment.
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[00114] Figure 18 is a drawing of a flowchart 1800 of an exemplary method of operating
a wireless terminal in accordance with the present invention. The exemplary method starts in
step 1802, where the wireless terminal is powered on and initialized. Operation proceeds from
step 1802 to step 1804, where the wireless terminal receives a downlink traffic segment
assignment signal. Operation proceeds from step 1804 to step 1806. In step 1806, the wireless
terminal decodes received assignment signal information indicating the assigned wireless
terminal or terminals corresponding to the assigned downlink traffic channel segment. The
downlink traffic channel segment assignment may be a unicast assignment corresponding to a
single WT or the downlink traffic channel segment assignment may be a multicast assignment
corresponding to a group of WTs. Operation proceeds from step 1806 to step 1808.

[00115] Instep 1808, the WT determines whether or not the received downlink traffic
channel assignment is directed toward the WT. If in step 1808, the WT determines that the
assignment is not directed toward itself, operation proceeds from step 1808 back to step 1804
where the WT receives additional downlink traffic channel segment assignment signals.
However, if in step 1808, the WT determines that the assignment was directed to itself, then
operation proceeds from step 1808 to step 1810 and step 1812.

[00116] Instep 1810, the WT further decodes received assignment signal information
indicating rate option information to obtain a data rate option indicator value or an indication
that the data rate option indicator value is included in the corresponding downlink traffic channel
segment. For example, the WT may support 11 downlink data rate options as shown in Figure
4, the assignment signal may include a rate option field of 2 bits where pattern 00 indicates data
rate option 0, pattern 01 indicates data rate option 1, pattern 10 indicates data rate option 2, and
pattern 11 indicates that the rate option will be indicated in the corresponding downlink traffic
channe] segment in a special information block portion and that the rate option will be one of

rate options 3-10.

[00117] Instep 1812, the WT receives the traffic channel segment signals corresponding
to the assigned segment obtaining received traffic channel segment signals 1814. The received

traffic channel signals 1814 are used as input to steps 1820 and/or 1828.

[00118]  Operation proceeds from step 1810 to step 1816. In step 1816, the WT

determines if the decoded rate option information indicates a specific data rate option that is
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being used in the downlink traffic channel segment. If the decoded rate option information does

include a specific indicated data rate option, then operation proceeds to step 1818; otherwise

operation proceeds to step 1820.

[00119] Instep 1818, the WT determines from the indicated data rate option, one or more
of a modulation method, coding rate and modulation symbol mapping for the downlink traffic
channel ségment. For example, data rate 0 may correspond to a QPSK modulation constellation,
224 information bits,1344 coded bits, and each of the OFDM tone-symbols of the downlink
traffic channel segment corresponding to mapped coded bits of user data; if data rate 1 may
correspond to a QPSK modulation constellation, 432 information bits,1344 coded bits, and each
of the OFDM tone-symbols of the downlink traffic channel segment corresponding to mapped
coded bits of user data; data rate 2 may correspond to a QPSK modulation constellation, 640
information bits,1344 coded bits, and each of the OFDM tone-symbols of the downlink traffic
channel segment corresponding to mapped coded bits of user data. For example, the downlink
traffic channel segment may include 768 OFDM tone-symbols and each of the 768 OFDM tone-
symbols may be used to convey QPSK modulation symbols of mapped coded user data bits for
each of data rate options 0, 1, or 2. Operation proceeds from step 1818 to step 1828.

[00120]  In step 1820, the wireless terminal decodes the special information block portion
of the received traffic channel segment signals 1814 to obtain the data rate option used for the
user data portion of the downlink traffic channel segment. For example in an exemplary system,
the downlink traffic channel segment may include 768 OFDM tone-symbols, and when using
data rate options 3-10, the downlink traffic channel segment is partitioned into a special
information block of 16 tone-symbols and a user data block of 752 tone-symbols. Step 1820
includes sub-step 1822 and sub-step 1824. In sub-step 1822, the wireless terminal determines
whether the recovered modulation symbols of the special information block belong to a first or a
second set of codes. For example, the special information block may use QPSK modulation
symbols and the first set of codes may use QPSK modulation symbols (0,0) and (1,1), while the
second set of codes may use QPS modulation symbols (1,0) or (0,1). In sub-step 1824 the
wireless terminal decodes the coded bits conveyed in the special information block according to
a first format for the first set of codes or according to a second format for the second set of
codes. For example, the first set of codes may correspond to a first format where 5 information
bits including 1 rate option indicator bits are conveyed, e.g., indicating rate option 3 or data rate

option 4 of Figure 4; while the second set of codes may correspond to a second format where 8
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information bits including 3 rate indicator bits are conveyed, e.g., indicating one of rate option
5-10 of Figure 4. The WT having determined the set of codes in sub-step 1822, decodes
according to the appropriate format in step 1824, recovering the data rate option indicator value.

Operation proceeds from step 1820 to step 1826.

[00121] Instep 1826, the WT determines, from the determined indicated data rate option,
one or more of a modulation method, coding rate, and modulation symbol mapping for the
downlink traffic channel segment. For example, consider that step 1824 determines one of data
rate options 3-10 indicated in Figure 4, with its associated coding rate, modulation constellation,
e.g., QAMI16, QAM64 or QAM256, and mapping of coded user data bits to 752 tone-symbols of
the downlink traffic channel segment. Operation proceeds from step 1826 to step 1828.

[00122] In step 1828, the WT recovers, e.g., via demodulation and decoding, the user data
information bits communicated in the downlink traffic channel segment using the determined
modulation symbol mapping information, modulation method information, and coding rate
information obtained from either step 1818 or step 1826. Step 1828 includes the processing of

received traffic channel signals 1814, e.g., those associated with user data.

[00123] This application is directed to numerous methods and apparatus which can be
used to implement a communications system based on OFDM, CDMA and/or a variety of other
communications methods. Accordingly, while described in the context of an OFDM system,
many of the methods and apparatus of the present invention, are applicable to a wide range of

communications systems including many non-OFDM and/or non-cellular systems.

[00124] In various embodiments nodes described herein are implemented using one or
more modules to perform the steps corresponding to one or more methods of the present
invention, for example, signal processing. Such modules may be implemented using software,
hardware or a combination of software and hardware. Many of the above described methods or
method steps can be implemented using machine executable instructions, such as software,
included in a machine readable medium such as a memory device, e.g., RAM, floppy disk; etc.
to control a machine, e.g., general purpose computer with or without additional hardware, to
implement all or portions of the above described methods, e.g., in one or more nodes.

Accordingly, among other things, the present invention is directed to a machine-readable
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medium including machine executable instructions for causing a machine, e.g., processor and

associated hardware, to perform one or more of the steps of the above-described method(s).

[00125] Numerous additional variations on the methods and apparatus of the present
invention described above will be apparent to those skilled in the art in view of the above
description of the invention. Such variations are to be considered within the scope of the
invention. The methods and apparatus of the present invention may be, and in various
embodiments are, used with CDMA, orthogonal frequency division multiplexing (OFDM),
and/or various other types of communications techniques which may be used to provide wireless
communications links between access nodes and mobile nodes. In some embodiments the
access nodes are implemented as base stations which establish communications links with
mobile nodes using OFDM and/or CDMA. In various embodiments the mobile nodes are
implemented as notebook computers, personal data assistants (PDAs), or other portable devices
including receiver/transmitter circuits and logic and/or routines, for implementing the methods

of the present invention.

-39.



—
S O 0 I N R W N — W N = AW N

—
—

wmi AW N

WO 2007/015830 PCT/US2006/027761
WHAT IS CLAIMED IS:

1. A method of operating a base station, the method comprising:
transmitting in a first portion of a first communications segment encoded data rate option
information; and

transmitting in a second portion of said first communications segment encoded user data.

2. The method of claim 1, wherein said step of transmitting the encoded data rate option
information includes modulating said encoded data rate option information using a first
modulation method which is different from a modulation method used to modulate said encoded

user data.

3. The method of claim 1, wherein encoded data rate option information is encoded using a

different encoding method than the encoding method used to encode said user data.

4. The method of claim 1, further comprising:

selecting a data rate option , prior to transmitting said first and second portions of said
first communications segment, said data rate option corresponding to one of a plurality of
different data rate option groupings, each of said different data rate option groupings
corresponding to a different data rate option indicator encoding method, a first grouping in said
plurality of groupings corresponding to a first data rate option indicator encoding method
wherein the selected data rate option is indicated in an assignment signal separate from the
communications segment, a second grouping in said plurality of groupings corresponding to a
second data rate option indicator encoding method in which data rate option information is
included in the communications segment, said data rate option selected for said first

communications segment being in said second grouping.

5. The method of claim 4, wherein said first data rate option indicator method uniquely
identifies the data rate option selected to be used to encode the user data in a communications
segment and wherein when said first data rate option indicator method is used the
communications segment for which the option was selected does not include encoded data rate

option information.
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6. The method of claim 3, further comprising determining the encoding method to be used

for said encoded data rate option information based on the data rate option to be communicated.

7. The method of claim 6, wherein the step of determining the encoding method includes
selecting a first encoding method which encodes a single bit rate option indicator; and wherein a

second encoding method encodes a multi-bit rate option indicator.

8. The method of claim 6, wherein the step of determining the encoding method includes
selecting a second encoding method which encodes a multi-bit rate option indicator; and

wherein a first encoding method encodes a single bit rate option indicator.

9. The method of claim 2, wherein the encoded data rate option information is modulated
using QPSK and wherein the encoded user data is modulated using one of QAM16, QAM64 and
QAM256. '

10.  The method of claim 1, further comprising:

transmitting a first assignment signal communicating a first number of bits used to
provide data rate option information corresponding to the first communications segment, said
first number of bits being less than the number of bits required to uniquely identify each data

rate option in a full set of supported data rate options.

11. The method of claim 10, wherein said assignment signal data rate option information

indicates that additional data rate option information is included in the communications segment.

12. The method of claim 11, wherein the data rate option corresponding to said first
communications segment is the highest supported data rate option in said full set of supported

data rate options.

13. The method of claim 11, further comprising:

transmitting a second assignment signal used to assign a second communication segment
to said first wireless terminal, the second assignment signal communicating a second number of
bits used to provide data rate option information corresponding to the second communications
segment, said second number of bits being the same as said first number of bits and being less

than the number of bits required to uniquely identify each data rate option in a full set of
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supported data rate options, said second assignment signal indicating the actual data rate option

corresponding to said second communication segment.

14.  The method of claim 13, wherein said actual data rate option is the lowest supported data

rate option.

15.  The method of claim 14, wherein said lowest supported data rate option is a QPSK data

rate option.

16.  The method of claim 15, wherein said first assignment signal includes a first identifier
indicating the wireless terminal or group of wireless terminals to which said first
communications segment is assigned; and ‘

wherein said second assignment signal includes a second identifier which indicates a
wireless terminal or group of wireless terminals to which the second communication segment is

assigned.

17.  The method of claim 15, further comprising:

transmitting the second communications segment including encoded user data.

18.  The method of claim 17, wherein the first communications segment and the second

communications segment are traffic channel segments.

19.  The method of claim 18, wherein the first communications segment and the second
communications segment represent the same designated logical segment in a repetitive downlink

timing and frequency structure but at different times.

20.  The method of claim 19, wherein the first and second communications segments convey

the same number of modulation symbols.

21.  The method of claim 20, wherein the first communications segment conveys a mixture of
modulation symbol values associated with a user data coded block and modulation symbol
values associated with non-user data, said modulation symbol values associated with non-user

data including data rate option information; and
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wherein the second communications segment conveys modulation symbol values of a

coded user data block throughout the entire second communications segment.

22. A base station, comprising:

a downlink segment rate option determination module enabled to determine a downlink

. transmission data rate option to be used for transmitting user data in downlink communications

segments; and

an assignment signal rate option encoding module enabled to encode data rate option
information in an assignment signal indicating the data rate option used for a downlink channel
segment corresponding to the assignment signal being encoded or information indication that the
data rate option is included in an information block included in the downlink segment

corresponding to the assignment signal being encoded.

23.  The base station of claim 22, further comprising:
a user data encoding and mapping module supporting a plurality of data rate options; and
a non-user data information encoding and mapping module supporting at least two
different formats for indicating the data rate option used for a corresponding downlink segment

for which a data rate option is indicated within the corresponding downlink segment.

24.  The base station of claim 23, further comprising:
a transmission module for transmitting downlink segment assignment signals and

encoded signals in assigned downlink segments.

25.  The base station of claim 24, wherein the at least two different formats for indicating the
data rate option used for a corresponding downlink segment include a first format which uses a
single bit rate option indicator; and

wherein the second format uses a multi-bit rate option indicator.

26.  The base station of claim 25, wherein the user data encoding and mapping module
supports at least two different types of segment utilization, a first type of segment utilization
including use of each transmission unit of a segment to convey encoded user data; and a second
type of segment utilization wherein said segment is partitioned into a first portion used to
communicate encoded data rate option information but no user data and a second portion used to

communicate encoded user data.
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A method of operating a base station, the method comprising:

for each of a plurality of downlink communication segments to be transmitted:

i.) selecting a data rate option corresponding to one of a plurality of different
data rate option groupings, each of said different data rate option groupings
corresponding to a different data rate option indicator encoding method, a first
grouping in said plurality of groupings corresponding to a first data rate option
indicator encoding method wherein the selected data rate option is indicated in an
assignment signal separate from the communiéations segment to be transmitted, a
second grouping in said plurality of groupings corresponding to a second data
rate option indicator encoding method in which data‘ rate option information is
included in the communications segment to be transmitted; and

if) transmitting an assignment signal indicating assignment of said downlink
channel segment being assigned, the downlink channel segment being assigned to
a wireless terminal or group of wireless terminals, said assignment signal
including encoded rate option information indicating the encoding rate option
used to encode user data included in the downlink channel segment being
assigned when said selected data rate 0pﬁon is in said first grouping, and said
assignment signal indicating that the downlink channel segment being assigned
includes data rate option information within the downlink channel segment when

said selected data rate option is in said second grouping.

BOWON =

wnm H W N =

28.  The method of claim 27, wherein for each of a plurality of downlink communication
segments to be transmitted, the method includes the additional steps of:
encoding user data according to the selected data rate option; and

transmitting the encoded user data in the assigned downlink channel segment.

29.  The method of claim 28, wherein for each of a plurality of downlink communication
segments to be transmitted for which the selected data rate corresponds to the second grouping,
the method includes the additional steps of:

encoding data rate option information to be included in the assigned downlink channel

segment; and
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transmitting the encoded data rate option information using a first portion of said
segment which is different from a second portion of the assigned downlink channel segment

used to transmit said encoded user data.

30.  The method of claim 29, wherein encoded data rate option information to be included in
the assigned downlink channel segment is encoded using a different encoding method than the

encoding method used to encode said user data.

31.  The method of claim 30, wherein for each of a plurality of downlink communication
segments to be transmitted for which the selected data rate corresponds to the second grouping,
the method includes the additional steps of:

determining the encoding method to be used for said encoded data rate option

information based on the selected data rate option to be communicated.

32.  The method of claim 31, wherein the step of determining the encoding method includes
selecting a first encoding method which encodes a single bit rate option indicator; and wherein a

second encoding method encodes a multi-bit rate option indicator.

33.  The method of claim 29, wherein for each of a plurality of downlink communication
segments to be transmitted for which the selected data rate corresponds to the second grouping,
the method includes the additional steps of:

modulating said encoded data rate option information using a first modulation method

which is different from a modulation method used to modulate said encoded user data.

34.  The method of claim 33, wherein the step of modulating said encoded data rate option
information includes using QPSK; and

wherein the encoded user data is modulated using one of QAM16, QAM64 and
QAM256.
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DOWNLINK * . * * *
comnE, | OFAG | nFomuATION | SDEWORD | MODLLATION
RATE FRAMES BITS (k)
OPTION
0 1 224 1344 QPSK
1 2 432 1344 QPSK
2 3 640 1344 QPSK
3 4 848 2624 QAM16
4 5 1056 2624 QAM16
5 6 1264 2624 QAM18
6 8 1680 2624 QAM16
7 10 2096 3036 QAMB4
8 12 2512 3936 QAM6G4
9 14 2928 5248 QAM256
10 18 3760 5248 QAM256
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SEGMENT

1

RATE OPTION 1 USED IN DL TRAFFIC CHANNEL
SEGMENT

10

RATE OPTION 2 USED IN DL TRAFFIC CHANNEL
SEGMENT

1

ONE OF RATE OPTION 3-10 USED IN DL TRAFFIC

| CHANNEL SEGMENT; ACTUAL RATE OPTION SIGNALED

IN SPECIAL INFORMATION BLOCK OF DL TRAFFIC
CHANNEL SEGMENT
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DOWNLINK | spECIAL INFORMATION BLOGK IN DL TRAFFIC
TRAFFIC CHANNEL SEGMENT
CHANNEL
SEGMENT YES/NO FORMAT TYPE
RATE OPTION

908 ——p 0-2 NO N/A

910 — 3-4 YES FORMAT 1

912 5-10 YES FORMAT 2

1000
1002

1004

\ \

FIGURE 9
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\

SPECIAL INFORMATION BLOCK IN DL TRAFFIC CHANNEL SEGMENT FORMAT 1

PARAMETER

SIZE (BITS)

VALUE

NOTES

RATE OPTION
INDICATOR

0

DOWNLINK TRAFFIC CHANNEL
SEGMENT USES RATE OPTION 3

1

DOWNLINK TRAFFIC CHANNEL
SEGMENT USES RATE OPTION 4

TRANSMISSION
POWER
INDICATOR

INTEGER
VALUE, n, N
RANGE 0..16

TRANSMISSION POWER OF
DOWNLINK TRAGFFIC CHANNEL
SEGMENT. VALUE IN FIELD ]S A

NON-NEGATIVE INTERGER n

INDICATING THAT PER TONE

RELATIVE TRANSMISSION
POWER OF THE DOWNLINK
TRAFFIC CHANNEL SEGMENT,
DOWNLINK TRAFFIC CHANNEL
POWER OFFSET =n/4 + 2 dB

FIGURE 10
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SPECIAL INFORMATION BLOCK IN DL TRAFFIC CHANNEL SEGMENT FORMAT 2
PARAMETER | SIZE (BITS) VALUE NOTES
DOWNLINK TRAFEIC CHANNEL
0 SEGMENT USES RATE OPTION 5 | €~ 1110
DOWNLINK TRAFFIC CHANNEL
L SEGMENT USES RATE oPTion 6 | € 1112
DOWNLINK TRAFFIC CHANNEL
2 SEGMENT USES RATE oPTION 7 | &~ 1114
5 DOWNLINK TRAFFIC CRANNEL | 4416
RATE OPTION , SEGMENT USES RATE OPTION 8 -
INDICATOR ) DOWNLINK TRAFFIC CHANNEL | ¢ 411
SEGMENT USES RATE OPTION 9
DOWNLINK TRAFFIC CHANNEL
5 SEGMENT USES RATE opTION 10 | <& 1120
6 RESERVED - 112
7 RESERVED - 112
TRANSMISSION POWER OF
DOWNLINK TRACFFIC CHANNEL
SEGMENT. VALUE IN FIELD IS A
R ANSHISSION NTEGER NON-NEGATIVE INTERGER n
INDICATING THAT PER TONE
POWER 5 VALUE, n, IN o | < 1128
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GE 0. POWER OF THE DOWNLINK
TRAFFIC GHANNEL SEGMENT,
DOWNLINK TRAFFIC CHANNEL
POWER OFFSET = /4 + 2 dB
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