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(57) ABSTRACT 

A device includes a Zero symbol rate (ZSR) coding/modula 
tion module and a second type coding/modulation module. 
Both modules generate modulation symbols to be conveyed 
using the same air link resources but with the non-zero ZSR 
symbols having a higher power level. The ZSR module gen 
erates a mixture of Zero and non-Zero modulation symbols. A 
ZSR modulation scheme communicates information using 
both the position of the non-zero modulation symbols and the 
phase and/or amplitude of the non-Zero modulation symbols. 
Different ZSR schemes, implementing different ratios relat 
ing the number of Zero symbols to the total number of sym 
bols, can be associated with different low data rates while 
second module modulation schemes can be associated with 
different high data rates. Modulation symbols from two mod 
ules are in some embodiments, Superimposed. In some 
embodiments, non-zero ZSR modulation symbols punch out 
second module modulation symbols which occupy the same 
air link resource. 
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EFFICIENT SIGNAL TRANSMISSION METHODS 
AND APPARATUS USING ASHARED 

TRANSMISSION RESOURCE 

RELATED APPLICATION 

0001. The present application claims the benefit of U.S. 
Provisional Patent Application Ser. No. 60/659,539 which 
was filed on Mar. 8, 2005, and which is hereby expressly 
incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to methods and appa 
ratus for efficient use of air link resources for signaling, and 
more particularly to methods and apparatus for efficient 
Superposition signaling in a wireless communications sys 
tem. 

BACKGROUND 

0003. In wireless multiple access communications sys 
tems, a limited amount of available air link resources, e.g., 
bandwidth over time, needs to be shared among a plurality of 
users. A fixed amount of air link resources may be reserved 
for downlink traffic channel signaling, which is allocated to 
wireless terminals, e.g., on a per segment basis by a base 
station scheduler. A base station acting as a point of network 
attachment for wireless terminals located within its wireless 
coverage area, e.g., designated sector and/or cell, is limited in 
the number of active uses which can be serviced to receive 
downlink traffic channel signals over a given time interval. 
Such limitations are based on the number and capacity of 
traffic channel segments available within the given time inter 
Val to assign to users. Other factors contributing to user capac 
ity include channel conditions and levels of interference in the 
system. In some embodiments, for convenience of assign 
ment and to reduce overhead signaling associated with 
assignment, each of the downlink traffic channel segments 
include a fixed number of minimum transmission units 
(MTUs), e.g., the same fixed number of MTUs, that may be 
used to convey modulation signals. For a given downlink 
traffic channel segment of fixed size, the number of informa 
tion bits that can be communicated in a given downlink traffic 
channel segment is a function of the coding rate selected and 
the modulation scheme used, e.g., QSPK, QAM16, QAM64 
for the segment. 
0004. In order to increase the number of active users Sup 
ported in a sector or cell by a base station point of network 
attachment, some systems employ Superposition signaling, 
where for a given MTU or set of MTUs, high power signaling 
is directed to a first user or group of users and low power 
signaling directed to a second user or group of users, both 
signals being communicated simultaneously using the same 
air link resources. The implementation of Superposition sig 
naling tends to create interference problems. 
0005 Typically, at any given time in a communications 
system, there is a wide variation of user requests and/or 
requirements, in terms of downlink traffic channel signaling 
needs. Some users, e.g., users downloading large data files, 
Video images, programs, etc., may have large amounts of 
information bits or frames of information bits to receive and 
would be well served by large size traffic channel segments 
using block encoding. Other users, e.g., a user receiving a 
packet of Voice information or a short message, may need to 
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receive only a small amount of information bits at one time 
and would be better served if the downlink traffic channel 
segment size and coded block size were small. A user may 
have been receiving a large information bit stream and effi 
ciently utilizing air link resources, but now only requires a 
small number of addition bits to be communicated to com 
plete the transmission. Typically unused information bit 
capacity within a coded downlink traffic channel segment 
may be padded with known values, e.g., Zeros, to complete 
the coding block. However, Such implementations waste the 
air link resource and create unnecessary interference. 

0006 Time constraints on the downlink data may also be 
an important consideration when scheduling users. For 
example, Some users, e.g., in Voice applications such as VoIP 
may only require Small amounts of data to be intermittently 
transmitted in the downlink; however, the delivery of each 
Small amount of data is timing critical. Some existing down 
link traffic channel segment structures, e.g., implementations 
structured to efficiently communicate data Such as, e.g., text 
or video, may not efficiently facilitate such an embodiment. 
For example, each downlink traffic channel segment may be 
structured to include many MTUS to Support data applica 
tions; however, a typical block of voice information bits to be 
communicated at one time may be significantly smaller than 
the number of information bit locations of the downlink traf 
fic channel segment. Timing constraints on the block of voice 
bits may preclude grouping multiple blocks of voice bits into 
a single downlink traffic channel segment. Also, the frequent 
request for downlink traffic channel segments by the voice 
users may have a tendency to monopolize the available down 
link transmission slots and lower the overall system downlink 
user data throughput. 

0007. In addition, at different times, the same wireless 
terminal may have different downlink data requirements, e.g., 
as it Switches between user applications, digests received 
data, proceeds to input data to be communicated on the 
uplink, etc. 

0008. In view of the above discussion, it is clear that a need 
exists for more efficient apparatus and methods to use airlink 
resources for downlink traffic channel signaling in wireless 
communications systems Supporting a plurality of users with 
a wide range of varying resource needs. Methods and appa 
ratus that allow for both low data rate users and high data rate 
users to co-exist and share the air link resources, with each 
employing a coding and modulation technique which effi 
ciently utilizes resources would be beneficial. Techniques 
which reduce the amount of wasted resource due to unused 
excessive information bit capacity in segments would also be 
beneficial. Resource efficient Superposition signaling tech 
niques which limit the amount of Superimposed signals trans 
mitted within a segment where possible thus limiting inter 
ference, yet allowing for the number of active user Supported 
to be increased would also be beneficial. 

SUMMARY 

0009 Various embodiments are directed to method and 
apparatus for implementing Superposition coding. The 
method and apparatus of various embodiments are well Suited 
for use in, for example, base stations. While the superposition 
techniques of various embodiments can be used with a variety 
of encoding methods and different type of transmission sig 
nals, various embodiments are directed to OFDM applica 



US 2010/0278O34 A9 

tions. The methods of various embodiments are well suited 
for downlink signaling applications. In some such embodi 
ments, a communications device, e.g., a base station, imple 
ments encoding and modulation and then transmits signals in, 
e.g., transmission segments, which may be received by one or 
more wireless terminals. 

0010. In various embodiments, two or more different sets 
of data are transmitted using the same communications seg 
ment. At least one set is coded and/or modulated to have a 
Zero symbol rate of at least a minimum Zero symbol rate 
which may be predetermined based on a variety of factors 
Such as the coding, modulation and/or number of information 
bits corresponding to the first data set which are communi 
cated using a minimum transmission unit. In various embodi 
ments, for a given bits per minimum transmission unit, the 
number of Zero modulation symbols generated from the set of 
data is forced to satisfy a minimum requirement. Thus, a 
modulation symbol stream generated from the first set of data, 
using a encoding method Such as QPSK, will have a predict 
able minimum number of Zero modulation symbols on aver 
age. In some embodiments, the first set of data is communi 
cated using a combination of phase and position coding with 
the position of non-Zero modulation symbols communicating 
at least some information in the first set of data with phase 
and/or amplitude modulation being used to communicate 
additional information included in the first set of data. 

0011. In accordance with various embodiments, modula 
tion symbols generated from a second set of data are trans 
mitted in the same communications segment as the modula 
tion symbols corresponding to the first set of data. The non 
Zero modulation symbols corresponding to the first and 
second sets of data are transmitted at different power levels. 
The non-Zero modulation symbols corresponding to the first 
set of data are transmitted at a higher power level than the 
non-Zero modulation symbols corresponding to the second 
set of data. 

0012. As part of the transmission process, the first and 
second modulation symbol streams are combined. 
0013 The methods and apparatus of various embodiments 
are well suited for use in base stations, e.g., wherein different 
sets of data are to be transmitted to different user devices 
having different power requirements for Successful reception. 
0014. The transmission methods and apparatus of various 
embodiments may, but need not be, implemented in base 
stations. Various embodiments are directed, in addition to 
transmission method and apparatus, to data storage devices, 
e.g., memory devices, which store one or more routines which 
can be used to implement one or more steps as well as circuits, 
e.g., integrated circuit chips, which can be used to implement 
one or more modules or apparatus. 
0.015 While various embodiments have been discussed in 
the Summary above, it should be appreciated that not neces 
sarily 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 fea 
tures, embodiments and benefits are discussed in the detailed 
description which follows. 

BRIEF DESCRIPTION OF THE FIGURES 

0016 FIG. 1 is a drawing of an exemplary communica 
tions system. 
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0017 FIG. 2 is a drawing of an exemplary base station. 
0018 FIG. 3 is a drawing of an exemplary wireless termi 
nal. 

0019 FIG. 4 is a drawing of an exemplary coding and 
modulation transmission module. 

0020 FIG. 5 is a drawing of an exemplary coding and 
modulation module. 

0021 FIG. 6 includes drawings and tables illustrating 
exemplary embodiments of Sub-segment structure, modula 
tion symbols, and data rate information. 
0022 FIG. 7 is a table summarizing exemplary embodi 
ments of FIG. 6. 

0023 FIG. 8 includes a table listing exemplary first user 
modulation selector criteria and a table illustrating exemplary 
wireless terminal data rate needs and options that can be 
selected. 

0024 FIG. 9 illustrates an exemplary energy relationship 
between a non-Zero modulation symbol from a first coding 
and modulation module and a non-Zero modulation symbol 
from a second coding and modulation module, the two modu 
lation symbols to be transmitted as a Superposed signal. 

0.025 FIG. 10 illustrates an exemplary downlink traffic 
channel segment. 

0026 FIG. 11 illustrates exemplary subdivisions of an 
exemplary downlink traffic channel segment into Sub-seg 
mentS. 

0027 FIG. 12 illustrates an exemplary downlink traffic 
channel segment including Sub-segments and Superposed 
modulation symbols from first and second coding and modu 
lation modules. 

0028 FIG. 13 illustrates an exemplary downlink traffic 
channel Sub-segment and exemplary information bit map 
ping. 

0029 FIG. 14 illustrates an exemplary coding and modu 
lation module implemented and structured to take advantage 
of the property of incoming data streams which include two 
distinct types of information which may be prioritized in 
terms of which set of information is more important to be 
Successfully recovered. 

0030 FIG. 15 is a table illustrating exemplary data rate 
options for a downlink traffic channel segment in an exem 
plary system. 

0031 FIG. 16 is a drawing of an exemplary coding and 
modulation transmission module Supporting an interweaving 
capability. 

0032 FIG. 17 is a drawing of an exemplary coding and 
modulation module which may be used in the coding and 
modulation transmission module of FIG. 16. 

0033 FIG. 18 is a drawing of an exemplary interweaver 
module that may be the interweaver module used in the cod 
ing and modulation transmission module of FIG. 16. 
0034 FIG. 19 shows a portion of an exemplary downlink 

traffic channel segment which has been interwoven to include 
first user and second user modulation symbols. 
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0035 FIG.20 shows a variation of FIG. 19, illustrating the 
placement of the first user non-Zero modulation symbols 
within the segment, which conveys first user coded bits, deter 
mines the placement of the second user modulation symbols 
for the segment. 
0.036 FIG. 21 is a drawing of a flowchart of an exemplary 
method of transmitting sets of data. 
0037 FIG.22 is a drawing of a flowchart of an exemplary 
communications method. 

DETAILED DESCRIPTION 

0038 FIG. 1 is a drawing of an exemplary communica 
tions system 100. System 100 includes apparatus and meth 
ods directed to efficiently utilizing downlink traffic channel 
air link resources. Exemplary system 100 may be, e.g., an 
orthogonal frequency division multiplexing (OFDM) mul 
tiple access wireless communication system using Superpo 
sition signaling in the downlink. System 100 includes a plu 
rality of cells (cell 1102, cell M104). Each cell (cell 1102, cell 
M104) represents a wireless coverage area for a correspond 
ing base station (BS 1106, BSM 108), respectively. A plu 
rality of wireless terminal (WTs) (WT 1110, WTN 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. Each WT (110, 112, 114, 116) 
may establisha wireless link with the BS corresponding to the 
cell in which the WT is currently located. In FIG. 1, (WT 
1110, WTN 112) are coupled to BS 1106 via wireless links 
(118, 120), respectively; (WT 1'114, WTN'116) are coupled 
to BS M 108 via wireless links (122, 124), respectively. 
0039. 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 communi 
cate with a peer node in a different cell. 
0040 System 100 is shown having cells with one sector 
per cell. The methods and apparatus 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 are also applicable to 
many non-cellular wireless communications systems includ 
ing at least one base station and a plurality of wireless termi 
nals. 

0041 FIG. 2 is a drawing of an exemplary base station 
200. Exemplary BS 200 is sometimes referred to as an access 
node. BS 200 may be any of the BS (106,108) of system 1100 
of FIG. 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. 
0042. 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. 
Received encoded uplink signals may include requests for 
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uplink traffic channel resources, channel quality report feed 
back messages, and uplink traffic channel signals. 

0043 Transmitter 204 is coupled to transmit antenna 205 
over which downlink signals, e.g., pilot signals, beacon sig 
nals, assignment messages, downlink traffic channel signals, 
are sent to a plurality of wireless terminals. Transmitter 204 
includes a coding and modulation transmission module 216. 
Coding and modulation transmission module 216 Supports 
Superposition signaling. Coding and modulation transmis 
sion module 216 can code and module information bits cor 
responding to a first selected user and a second selected user, 
combine the information and transmit the combined Super 
posed signal over the same downlink traffic channel segment 
air link resource. 

0044) I/O interface 208 couples the BS 200 to other net 
work 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. 

0045 Memory 210 includes routines 218 and data/infor 
mation 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. 

0046 Routines 218 include communications routines 222 
and base station control routines 224. The communications 
routines 222 implement various communications protocols 
used by BS200. The base station control routines 224 control 
the operation of BS 200 including receiver 202 operation, 
transmitter 204 operation, I/O interface 208 operation, and 
the implementation of methods. Base station control routines 
224 include a scheduling module 226, downlink signaling 
module 228 and uplink signaling module 230. 

0047 Downlink signaling module 228 includes a channel 
quality determination module 232, an assignment transmis 
sion module 227, and a coding and modulation transmission 
control module 234. The coding and modulation transmission 
module 234 includes a first user selection module 236, a 
coding and modulation module X 238, a second user selection 
module 240, and a coding and modulation module Y 242. 
0048. 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 seg 
ments to specific wireless terminals from a plurality of wire 
less terminal in accordance with a scheduling policy. Sched 
uler 226 operating in coordination with first user selection 
module 236 and second user selection module 240 may 
schedule the same downlink traffic channel segment to two 
users, different information being communicated for each of 
the two users. 

0049 Downlink signaling module 228 controls operation 
of the transmitter 204 and its coding and modulation trans 
mission module 216 to transmit downlink signals including 
downlink traffic segment assignment messages 262 and 
downlink traffic channel signals including Superposed sig 
nals. Channel quality determination module 232 determines, 
for each WT300 under consideration, communications chan 
nel quality between the base station 200 and wireless terminal 
300 (See FIG. 3), e.g., based on received channel quality 
feedback reports 258 from WTs 300. 
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0050 Assignment transmission module 227 generates 
assignment messages and controls the transmission of the 
generated assignment messages, the generated assignment 
messages including assignment information for downlink 
traffic channel segments. At least some of the assignment 
information indicates a first wireless terminal to which a 
corresponding downlink traffic channel segment is assigned 
for use in receiving a first set of data and a second wireless 
terminal to which the same downlink traffic channel segment 
is assigned for use in receiving a second set of data. For 
example, the first set of data is data directed to a first user, the 
first set of data being conveyed by a combination of Zero and 
non-zero QPSK modulation symbols using a Zero symbol rate 
coding and modulation scheme of coding and modulation 
module X 238; the second set of data is data directed to a 
second user, the second set of data being conveyed by modu 
lation symbols, e.g., QPSK, QAM16, QAM64, or QAM256 
modulation symbols from coding and modulation module Y 
242. 

0051 Coding and modulation transmission module 234 
controls the operation of the coding and modulation transmis 
sion module 216. First user selection module 236 selects 
users to be assigned as first users for specific downlink traffic 
channel segments, the information to be conveyed to first 
users being coded and modulated by coding and modulation 
module X 238. In some embodiments, the amount of infor 
mation bits that can be conveyed in a given downlink traffic 
channel segment for a first type user is less than the amount of 
information bits that can be conveyed in the same downlink 
traffic channel segment for a second type user. First user 
selection module 236 selects first type users as a function of 
the amount of information to communicate over a given time 
interval. For example, a typical selected first type user for a 
given segment may have a Small amount of user data/infor 
mation to receive in the downlink at the present time, and if 
Such a user were assigned as a second type user for the given 
traffic channel segment, some of the available information bit 
locations of the segment would not be required and would be 
padded, e.g., with Zeros, wasting the airlink resource. Coding 
and modulation module X 238 includes a modulation selector 
module 244, a controllable encoder module 246, and a con 
trollable QPSK modulator module 248. Modulation selector 
module 244 receives a Bits per MTU (BPM) value or an 
indicator of a BPM value, e.g., a data rate indicator value 
indicating a number of frames of information bits to be trans 
mitted in a segment with each frame having a fixed number of 
information bits, for a selected first user, and the modulation 
selector module 244 generates: (i) a coding rate indicator 
(CRI) signal directed to the controllable encoder module 246 
and (ii) a modulation scheme indicator (MSI) directed to the 
controllable QPSK modulation module 248. The coding rate 
indicator indicates a number of input information bits and a 
corresponding number of coded bits to be produced from the 
indicated number of input bits, e.g., for each segment. Con 
trollable encoder module 246 receives an uncoded informa 
tion bit stream, and a coding rate indicator, both inputs cor 
responding to a selected first user. The controllable encoder 
module 246 performs block encoding on the number of 
received information bits (k) to be communicated in the seg 
ment generating a number of coded bits (n). The controllable 
encoder 246 groups the coded bit stream into subsets of coded 
bits, each Subset of bits to be communicated in a sub-segment, 
and forwards the coded bits to the controllable QPSK modu 
lator module 248. In some embodiments, some of the coded 
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bits of a Sub-segment correspond to a symbol energy level 
pattern for the sub-segment and other coded bits of a sub 
segment correspond to values conveyed on modulation sym 
bols which are generated. The modulation scheme indicator 
(MSI) indicates which one of a plurality of Zero symbol rate 
QPSK modulation schemes to be used to modulate coded bits. 
In some embodiments each of the possible Zero symbol rate 
QPSK modulation schemes corresponds to a different num 
ber of Zero MTU fractions. For example, a first modulation 
scheme may include one Zero modulation symbol and one 
non-zero QPSK modulation symbol per sub-segment, with 
each Sub-segment including two MTUs; a second modulation 
scheme may include three Zero modulation symbols and one 
non-zero QPSK modulation symbol per sub-segment with 
each Sub-segment including four MTUS, and a third modula 
tion scheme may include seven Zero modulation symbols and 
one non-Zero QPSK modulation symbol per Sub-segment, 
with each sub-segment including eight MTUs. Some differ 
ent QPSK Zero symbol rate modulation schemes may have 
different numbers of sub-segments per segment. Some differ 
ent QPSK Zero symbol rate modulation schemes may have 
the same number of Sub-segments per segment, e.g., with 
different number of non-zero QPSK modulation symbols per 
sub-segment. Controllable QPSK modulation module 248 
receives a MSI from the modulation selector module 244 and 
coded bits from the controllable encoder module 246, and 
generates a set of QPSK modulation symbols for each sub 
segment of the segment, each set of modulation symbols 
including at least Some Zero modulation symbols, the number 
of Zero modulation symbols divided by the number of MTUs 
per sub-segment being a function of the MSI. The location of 
non-Zero modulation symbols within the Sub-segment and the 
values of the non-Zero modulation symbols, generated by 
controllable QPSK modulator module 248, conveying the 
coded bits corresponding to the first user's information bits. 

0052 Second user selection module 240 selects users to be 
assigned as second users for specific downlink traffic channel 
segments, the information to be conveyed to second users 
being coded and modulated by coding and modulation mod 
ule Y 242. Second user selection module 240 selects a second 
user for a downlink traffic channel segment, from a plurality 
of potential second users, as a function of: (i) the potential 
second user profile information, e.g., channel conditions and 
modulation symbol power levels, and (ii) power levels of the 
non-zero QSPK modulation symbols of the first user previ 
ously assigned to the same downlink traffic channel segment. 
For example, in the selection process for a downlink traffic 
channel segment, the second user selection module 240 may 
determine a ratio of the selected first user non-zero modula 
tion symbol power level to the power level of modulation 
symbols associated with a potential second user Such that for 
a potential second user to be acceptable the ratio should 
exceed a predetermined threshold which is greater than the 
minimum acceptable threshold expected to be required so 
that the first user should be able to successfully detect the first 
user modulation signal, e.g., a 3 dB or 5 dB margin. The 
second user selection module 240 controls the direction of an 
uncoded information bit stream corresponding to the second 
user to the coding and modulation module Y 242 and sends an 
indicator signal to the coding and modulation module Y 242 
indicating the BPM, which is a measure of the data rate, and 
power level to be used for encoding and modulation of the 
second user information bit stream. For example, the coding 
and modulation module Y 242 may support at a plurality of 
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different data rates levels which can be selected, each data 
rate corresponding to a modulation scheme, e.g., conven 
tional QPSK, QAM16, QAM64, QAM256, a coding rate, 
and an associated modulation symbol power level. Coding 
and modulation module Y 242 includes an encoder module 
250 and a modulator module 252. The encoder module 250 
encodes an information bit set, e.g., to be conveyed in a 
segment, into a set of coded bits, the pattern of coded bits 
indicating a codeword. The output from encoder module 250, 
coded bits, is directed to modulator module 252 which modu 
lates the coded bit values onto the modulation symbols, e.g., 
QAM 16 or QAM 64 or QAM 256 modulation symbols, 
according to the selected modulation scheme, e.g., conven 
tional QPSK, QAM 16 or QAM 64 or QAM 256 at the 
specified power level. 

0053. In some embodiments, various features and or func 
tions included in the coding and modulation transmission 
control module 242 may be implemented either in part or in 
full in the coding and modulation transmission module 216. 
In FIG. 2, the modulation selector module 244, controllable 
encoder module 246, controllable QPSK modulator module 
248, encoder module 250, modulator module 252, and second 
user selection module 240 have been indicated by dotted lines 
as being optionally included in downlink signaling module 
234; such functionality not included in the downlink signal 
ing module 234 would typically be included in the coding and 
modulation transmission module 216, e.g., either in hard 
ware, software, or a combination of hardware and Software. 
FIG. 4 and FIG. 5 provide exemplary embodiments including 
at least some of the functionality previously described with 
respect to coding and modulation transmission control mod 
ule 234 being implemented in coding and modulation trans 
mission module 216 within transmitter 204. 

0054 Uplink signaling module 230 controls the operation 
of the receiver 202 and its decoder 214 including the recep 
tion, demodulation and decoding of channel quality reports 
258, and received uplink traffic channel messages 260. 
0.055 Data/information 220 includes a plurality of sets of 
WT data/information 254 (WT 1 data/info 268, WT N data/ 
info 270) and system data/information 256. WT 1 data/infor 
mation 268 includes user data 272, WT identification infor 
mation 274, device? session/resource information 276, 
channel quality information 278, downlink resource request 
information 280 and downlink traffic channel segment 
assigned segment information 282. 

0056. User data 272 includes user data/information such 
as e.g., data/info representing Voice, text or video, sourced 
from a peer node of WT 1 to be communicated to WT 1 via 
downlink traffic channel segment signals. User data 272 also 
includes user data/information 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. 
0057 WT identification information 274 includes, e.g., a 
base station assigned active user identifier and an IP address 
associated with WT 1. Device/session/resource information 
276 includes uplink and downlink segments, e.g., traffic 
channel segments, assigned to WT1 by Scheduling module 
226 and session information including address and routing 
information pertaining to peer nodes of WT1 in communica 
tion sessions with WT 1. Channel quality information 278 
includes channel quality feedback information, channel esti 
mation information, and channel interference information. 
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Channel quality information 278 is used by user selection 
modules 236, 240. Downlink resource request information 
280 includes information indicating the requests, e.g., 
received requests, granted requests, outstanding requests, 
current requests, estimated information, for downlink traffic 
channel resources for WT 1, e.g. in terms of information bits 
to be communicated and/or frames of information bits to 
communicate. Downlink resource request information 280 
may also include qualifying information associated with the 
requests, e.g., priority level, time constraints, reliability 
requirements, urgency, retransmission policy, etc. 

0058 Downlink traffic channel segment assigned segment 
information 282 includes information bits 284, segment iden 
tification information 286, and coding/modulation informa 
tion 288. For WT1, there may be multiple sets of DL traffic 
channel assigned segment information 282, e.g., one set of 
information 282 for each D.L. traffic channel segment assign 
ment by scheduling module 226 to WT1. Information bits 284 
includes information bits input to controllable encoder mod 
ule 246 or encoder module 250. Segment identification infor 
mation 286 identifies the downlink traffic channel segment in 
the downlink timing structure and the classification of WT1 
as either a first type user or a second type user. Coding/ 
modulation information 288 includes modulation type infor 
mation 290, e.g., QPSK and Zero symbol rate modulation 
scheme, conventional QPSK, QAM16, QAM64, QAM256, 
where the modulation scheme may include for first type users 
Sub-segment size, coding rate, Zero MTU fraction informa 
tion and coded bit mapping information. Coding/modulation 
information 288 also includes bits per MTU 299, modulation 
symbol transmission power information 294, coded bits 296, 
and modulation symbol information 298. Coded bits 296 may 
be an output from controllable encoder module 246 or 
encoder module 250, while the modulation symbol informa 
tion 298 may include the values of modulation symbols to be 
generated by modulator modules 248 or 252. 

0059) System data/information 256 includes uplink/ 
downlink timing and frequency structure information 207, 
coding/modulation module X information 209 and coding/ 
modulation module Y information 211. Uplink/downlink 
timing and frequency structure information 207 includes 
MTU information 213 and downlink traffic channel segment 
information 215. For example, the minimum transmission 
unit (MTU) may be an OFDM tone-symbol representing the 
basic air link resource used in an OFDM system, e.g., one 
tone for the duration of one OFDM symbol timing interval. 
Downlink traffic channel segment information 215 includes 
information identifying each of the downlink traffic channel 
segments in a downlink timing and frequency structure, e.g., 
each segment including a fixed number of designated prede 
termined OFDM tone-symbols. Uplink/downlink timing and 
frequency structure information 207 also includes other sys 
tem structure information, 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 
oftones, downlink set oftones, uplink tone hopping informa 
tion, uplink dwell information, downlink tone hopping infor 
mation, uplink traffic segment structure information, repeti 
tive 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. 
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0060 Coding and modulationX information 209 includes 
first user selection criteria 228, e.g., levels of BPM user 
requirements which are Supported by the implemented first 
user coding and modulation data rate levels. Coding rate 
indicator information 219 includes, e.g., a look-up table, cor 
relating coding rate indicator values to: numbers of informa 
tion bits, number of coded bits, mapping information of infor 
mation bits to coded bits used, mapping information of coded 
bits to Zero/non-Zero modulation symbol locations, and map 
ping of coded bits to modulation symbol values. MSI infor 
mation 221 includes information correlating each modulation 
scheme indicator value with one a plurality of modulation 
schemes which may be used by controllable QPSK modulator 
module 248. Sub-segment information 223 includes informa 
tion identifying the potential Sub-segment sizes, e.g., 2, 4, or 
8 MTUs per sub-segment, information identifying each of the 
Sub-segments within a segment, information identifying the 
position each Sub-segment within the segment. 
0061 Coding and modulation module Y information 211 
includes second user selection criteria 225, coding modula 
tion information 227 and power information 229. Second user 
selection criteria 225 includes information used by second 
user selection module 240 in evaluating potential second 
users for a downlink traffic channel segment, e.g., user profile 
evaluation criteria information, data rate level information, 
power ratio threshold levels with respect to the assigned first 
user, etc. Coding/modulation information 227 includes infor 
mation pertaining to a plurality of data rate levels Supported 
by the coding and modulation module Y 250, each data rate 
level corresponding to a coding rate including a number of 
information bits, number of coded bits, and modulation sym 
bol type, e.g., conventional QPSK, QAM16, QAM64, QAM 
256. Power information 229 includes reference power levels 
associated with each of the data rate levels identified in infor 
mation 227. 

0062 Data/information 220 also includes received chan 
nel quality reports 258, received uplink traffic channel mes 
sages 260, received user data messages via I/O interface 261, 
downlink traffic channel segment assignment messages 262, 
potential second user information 264, and power ratio infor 
mation 266. Received channel quality reports 258 are, e.g., 
feedback reports from WTs 300 indicating measured down 
link channel quality, e.g., based on received pilot signals 
and/or received beacon signals. Received uplink traffic chan 
nel messages 260 include user data intended to be routed to 
the peer node of the WT transmitting the uplink signals. 
Received user data messages via I/O interface 261 include 
user data received via the backhaul network that is being 
requested to be transmitted via a downlink traffic channel 
signals to a WT currently using BS 200 as its point of network 
attachment. For example, BS 200 may receive via I/O inter 
face 208 N frames of user data, requested to be communicated 
to WT1: the received N frames of user data may have been 
originally generated from a peer node of WT 1 in a commu 
nications session with WT1. The received N frames of user 
data may also be accompanied by qualifying information, 
e.g., time validity information. Downlink traffic channel seg 
ment assignment messages 262 are assignment messages 
generated to convey the downlink traffic segment assignment 
information. In some embodiments, the segment assignment 
messages 262 also include user identification for an assigned 
segment as a first type user or a second type user, with respect 
to Superposition signaling occurring within the segment. In 
Some embodiments, the assignment messages are located in a 
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timing/frequency structure known to both the BS200 and WT 
300 such that an association with a specific downlink traffic 
channel segment and/or the type of user, with regard to Super 
position, is determined from the position of the assignment 
message including the user's ID within the base station tim 
ing/frequency structure. Potential second user information 
264 includes user profile information, e.g., channel quality 
info 278 retrieved and processed for each of a plurality of 
second users being considered for a given downlink traffic 
channel segment. Power ratio information 1/2" users 266 
includes calculated power ratio information corresponding to 
potential transmitted modulation symbols that may be Super 
imposed for a given downlink traffic channel segment. Power 
ratio information 266 is compared to second user selection 
criteria 225 by second user selection module 240 in determin 
ing a second user for a given downlink traffic channel seg 
ment. 

0063 FIG. 3 is a drawing of an exemplary wireless termi 
nal 300. WT300 may be any of the WTs (110, 112, 114,116) 
of system 100 of FIG. 1. Exemplary WT 300 includes a 
receiver 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. 

0064 Receiver 302 is coupled to receive antenna 303 
through which WT 300 receives downlink signals from BS 
200 including assignments for downlink traffic channels seg 
ments and downlink traffic channel segment signals including 
superposed signals. Receiver 302 includes a demodulator/ 
decoder 314 which is used by WT 300 to demodulate and 
decode received downlink signals from BS 200. For a given 
downlink traffic channel segment, if WT is assigned the seg 
ment and is designated the first user of the segment, the WT 
demodulates and decodes the received Superposed signal to 
extract the stronger level modulation signals which include 
non-zero QPSK modulation signals at a relatively high power 
level with respect to second user modulation signals, and the 
second user modulation signals are treated as noise. As a 
result the WT 300 recovers its estimation of the first user 
information bits conveyed in the downlink traffic channel 
Segment. 

0065 For a given downlink traffic channel segment, if WT 
300 is assigned the segment and is designated the second user 
of the segment, the WT demodulates the received superposed 
signal to extract the stronger level modulation signals which 
include non-zero QPSK modulation signals at a relatively 
high power level with respect to second user modulation 
signals, the second user modulation signals are treated as 
noise; then, the WT300 subtracts out the demodulated QPSK 
modulation symbols from the original received Superposed 
signals and demodulates and decodes the remaining signal, 
e.g., low power level QPSK signals or QAM signals, obtain 
ing an estimation of the second user information bits. This is 
the one way of decoding the Superimposed weaker signal. 

0066. The advantage of the modulation and coding 
scheme partly comes from an alternative decoding method 
which is used in some embodiments for the second user. The 
introduction of Zero symbols facilitates the novel decoding 
method while making the decoding method robust against 
channel estimation error. A receiver can decode the weaker 
signal without decoding and Subtracting the stronger signal 
from the received signal. For example, if a receiver has the 
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ability to detect and erase very large signals compared to a 
predetermined nominal value, then the receiver can decode 
the second weaker one without even the knowledge of the 
existence of the stronger signal other than that the stronger 
signal appears as peaky interference on top of the transmis 
sion of the second weaker signals. 
0067 Transmitter 304 is coupled to transmit antenna 305 
through which WT 300 transmits uplink signals to BS 200 
including channel quality reports 394 and uplink traffic chan 
nel segment user data message 396. The uplink traffic channel 
segment user data messages 396 directed to a peer node of 
WT 300 may be interpreted as a request for downlink traffic 
channel segment resources at the base station 200 which is 
acting as the peer node's point of network attachment since 
that BS 200 needs to assign downlink traffic channel seg 
ments to communicate the information over a wireless link to 
the peer. In some embodiments, the same antenna is used as 
both the transmit antenna 305 and the receive antenna 303. 
Transmitter 304 includes an encoder 316 for encoding uplink 
data/information prior to transmission. 
0068. User I/O devices 308 include, 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 WT300 and to output received data/infor 
mation 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/infor 
mation 320. The processor 306, e.g., a CPU, executes the 
routines 318 and uses the data/information 320 in memory 
310 to control the WT300 operation. 
0070 Routines 318 include communications routines 322 
and wireless terminal control routines 324. The communica 
tions routines 322 implement 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 includes 
a downlink signaling module 326 controlling operation of 
receiver 302 and an uplink signaling module 328 controlling 
operation of transmitter 304. 
0071 Downlink signaling module 326 includes a channel 
quality determination module 330 and a decoding and 
demodulation control module 332. Channel quality determi 
nation module 330 processes received downlink pilot signals 
and/or beacon signals and generates a channel quality report 
394. Decoding and demodulation control module 332 
includes a first user module 334 and a second user module 
336. First user module 334 controls the operation of demodu 
lator/decoder 314 to process received superposed downlink 
traffic channel signals and extract first user information bits. 
First user module 334 includes an energy detection module 
338, a modulation symbol processing module 340, a sub 
segment decoding module 342, and a segment block decod 
ing module 343. In some embodiments, various combinations 
of one or more of modules 338, 340, 342, and 343 may be 
implemented as a single module, e.g., performing Sub-seg 
ment and segment decoding operations as a joint operation for 
a given coding block corresponding to a segment. The energy 
detection module 338 processes received signals correspond 
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ing to a downlink traffic channel segment to which WT 300 
has been assigned as a first user to determine which of the 
received signals, e.g., in terms of which MTUs, e.g., which 
OFDM tone-symbols in the segment, are the relative higher 
energy signals. Superposed second user modulation signals, 
e.g., conventional QPSK or QAM signals at lower power 
levels than the non-zero first user QSPK modulation signals 
are treated as noise. First user modulation signals include at 
least Some Zero modulation symbols in each Sub-segment. In 
a received MTU including a Zero first user modulation signal 
and a non-zero second user modulation signal, the energy 
detection module 338 should classify the MTU as a zero 
modulation signal from the first user perspective. The posi 
tion of the relatively high power signals within each sub 
segment of the segment conveys coded bit values. Then, the 
located relatively high power modulation symbols, QSPK 
modulation symbols, are processed by the modulation sym 
bol processing module 340 to obtain additional coded bit 
values. Sub-segment decoding module 342 converts, e.g., via 
a look-up table, the determined values of the received non 
Zero first user modulation symbols into coded bits and the 
determined position information on the non-zero modulation 
symbols into additional coded bits. Sub-segment decoding 
module 342 combines the coded bits corresponding to the 
location determination with the coded bits corresponding to 
the value determination into a set of coded bits for the sub 
segment. Sub-segment decoding module 342 forwards Sub 
segment the coded bits corresponding to each Sub-segment of 
the segment to the segment block decoding module 343. 
Segment block decoding module 343 combines the sets of 
coded bits from each Sub-segment for a given segment into a 
set for the segment, and the segment block decoding module 
343 decodes the coded bits to obtain a set of recovered infor 
mation bits. 

0072 Second user module 336 controls the operation of 
demodulator/decoder 314 to process received superposed 
downlink traffic channel signals and extract second user 
information bits. Second user module 336 includes a 1 user 
signal removal module 344, a modulation symbol processing 
module 346, and a segment block decoding module 348. First 
user signal removal module 344 uses energy detection mod 
ule 338 and first user modulation signal processing module 
340 to obtain locations, e.g. MTUs within the segment, and 
estimated values for the first user QSPK signals, and then 
Subtracts the estimated first user estimated signals from the 
received composite Superposed signals. The resulting signals 
are forwarded to the modulation signal processing module 
346. Modulation signal processing module 346 receives sig 
nals corresponding to MTUs of the segment, e.g., adjusted 
signals from module 344 corresponding to MTUS including 
first user non-zero modulation symbols and unadjusted sig 
nals corresponding to MTUs determined to be first user Zero 
modulation symbol locations. Modulation symbol processing 
module 346 controls demodulator operation to demodulates 
the second user conventional QPSK or QAM signals, e.g., 
QAM 16 or QAM 64 or QAM 256 modulation signals to 
obtain coded bits for each demodulation symbol. Segment 
block decoding module 348 receives the output coded bits 
from module 346 and controls the decoder to decode and 
recover the information bits conveyed in the segment to the 
second user. 

0073. Note that first and second user are designations used 
with respect to each downlink traffic channel segment assign 
ment. In general, the first and second users will correspond to 
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different WTs. AWT designated a first user, for one downlink 
traffic channel segment may be designated a second user for 
a different downlink traffic channel segment, e.g., depending 
on current resource needs. In some embodiments, for a given 
downlink traffic channel segment WT 300 may be both the 
first user and the second user for the same downlink traffic 
channel segment, receiving a lower number of information 
bits at a low BPM rate conveyed via 1" user modulation and 
coding, e.g., QPSK with some Zero symbols, at relatively high 
power levels and a higher number of information bits at a high 
BPM rate conveyed via 2" user modulation and coding, e.g., 
conventional QPSK, QAM16 or QAM64 or QAM 256, at a 
relatively low power level. 

0074 Uplink signaling module 328 controls the operation 
of transmitter 304 and encoder 316 to encode, modulate, and 
transmit uplink signals to BS 200, said uplink signals includ 
ing channel quality reports 394 and uplink traffic channel 
segment messages 396. The uplink traffic channel segment 
messages 396 may include user data directed to a peer of WT 
300 in a communications session with WT300. Such uplink 
traffic channel messages 396 may be viewed as downlink 
resource request messages by the BS200 which the peer node 
is using as its point of network attachment. 

0075 Data/information 320 includes WT data/info 350, 
system data/information 352, channel quality reports 394, 
uplink traffic channel messages 396, received downlink seg 
ment assignment messages 398, and received downlink traffic 
channel signal information 399. 

0076 WT data/information 350 includes user data 354, 
WT identification (ID) information 356, base station ID infor 
mation 358, device/session/resource information 360, chan 
nel quality information 362, and downlink traffic channel 
segment assigned segment information 364. User data 354 
includes data/information intended for a peer of WT300 in a 
communications session with WT 300 intended to be trans 
mitted by WT 300 to BS 200 over uplink traffic channel 
segments. User data 354 also includes data/information 
sourced from a peer of WT300 in a communications session 
with WT 300 and received from BS 200 via downlink traffic 
channel segment messages 399. 

0077 Wireless terminal identification information 356 
includes, e.g., a WT IP address and a BS 200 assigned WT 
active user identifier. Base station identifier information 358 
includes an identifier, e.g., a value distinguishing the specific 
BS200 point of network attachment to which WT300 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 358 includes information identifying a spe 
cific sector and/or carrier frequency being used by the BS 
point of network attachment. Device/session/resource infor 
mation 360 includes uplink and downlink segments, e.g., 
traffic channel segments, assigned to WT 300 and session 
information including address and routing information per 
taining to peer nodes of WT 300 in communication sessions 
with WT 300. Channel quality information 362 includes 
information measured, derived and/or estimated pertaining to 
the wireless communications channel between WT 300 and 
BS 200. Channel quality information 362 may include, e.g., 
signal-noise-ratio and/or signal-to-interference ratio infor 
mation measured, derived, and/or estimated based upon 
received pilot and/or beacon downlink signals. 
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0078 Downlink traffic channel assigned segment infor 
mation 364 includes segment identification information 366, 
1/2" user identification information 368, coding/modula 
tion information 370, and recovered information bits 372. 
Segment identification information 366 includes information 
identifying the assigned downlink traffic channel segment 
within the downlink timing/frequency structure. 1/2" user 
identification information 368 includes information identify 
ing whether for the assigned downlink traffic channel seg 
ment, WT300 has been designated as the 15" user or the 2" 
user. Coding/modulation information 370 includes modula 
tion type information 374, BPM information 376, power 
information 378, coded bits 380, and modulation symbol 
information 382. Modulation type information 374 includes, 
e.g., for a 1" type user, a modulation scheme indicator and a 
coding rate indicator value. Modulation type information374 
includes, e.g., for a 2" type user, information designating, 
QPSK, QAM16 or QAM64 or QAM256. Bits per MTU 
(BPM)376 is the information data rate for the segment for the 
1 or 2" type user. Powerinformation378 includes measured 
power levels on received modulation signals, determined 
power level differences between received signals, and power 
margin information used to identify signals conveying non 
Zero modulation intended for 1 users. Coded bits 380 are the 
recovered coded bits for either the 1 or 2" user, as identified 
by info 368, from the received downlink traffic channel sig 
nals of the segment. For 1" type users coded bits 380 may be 
grouped in Sub-sets on aper-Sub-segment basis and as a single 
block on a per segment basis, while for second type users 
coded bits 380 may be grouped as a single block for the 
segment. Modulation symbol information 382 includes infor 
mation identifying which MTUs within segment and/or sub 
segment are conveying non-zero 1" user QSPK modulation 
symbols. Modulation symbol information 382 also includes 
information identifying estimated values of the received 
modulation symbols that are processed. Recovered informa 
tion bits 372 includes the WT's estimate, following demodu 
lation and decoding operations, of the information bits that 
were being conveyed to WT 300, as either a first or second 
user, in the segment. Multiple sets of downlink traffic channel 
segment assignment information 364 may exist, e.g., one for 
each downlink traffic channel segment assignment to WT 
300, each assignment corresponding to a downlink traffic 
channel segment and corresponding user type designation in 
terms of Superposition signaling. 

0079 System data/information 352 includes base sta 
tions identification information 383, uplink/downlink timing 
and frequency structure information 384, first user demodu 
lation/decoding information 386, and second user demodula 
tion/decoding information 388. Base station ID information 
383 includes a plurality of different base station identifiers 
corresponding to different BS points of network attachment 
in the system, e.g., based on cell, sector, and/or carrier fre 
quency used. Uplink/downlink timing and frequency struc 
ture information 384 includes MTU information 390 and 
downlink traffic channel segment information 392. For 
example, the minimum transmission unit (MTU) may be an 
OFDM tone-symbol representing the basic air link resource 
used in an OFDM system, e.g., one tone for the duration of 
one OFDM symbol timing interval. Downlink traffic channel 
segment information 392 includes information identifying 
each of the downlink traffic channel segments in a downlink 
timing and frequency structure, e.g., each segment including 
a fixed number of designated predetermined OFDM tone 
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symbols. Uplink/downlink timing and frequency structure 
information 384 also includes other system structure infor 
mation, e.g., symbol timing information, tone spacing infor 
mation, number of uplink tones, number of downlink tones, 
uplink carrier frequency, downlink carrier frequency, uplink 
bandwidth, downlink bandwidth, uplink set of tones, down 
link set of tones, uplink tone hopping information, uplink 
dwell information, downlink tone hopping information, 
uplink traffic segment structure information, repetitive timing 
structures, e.g., symbol time intervals and grouping of sym 
bol time intervals into, e.g., dwells, half-slots, slots, Super 
slots, beacon slots, ultra slots, etc. 
0080. Different sets of UL/DL timing and frequency struc 
ture information 384 may exist and be stored in WT 300 
corresponding to different BSs 200 in the wireless commu 
nications system. 
0081 First user demodulation and decoding information 
386 includes sets of information corresponding to each of the 
coding and modulation options which may be selected by a 
base station 200 to communicate first user downlink traffic 
channel signals. For example a set of information may 
include a first user data rate level value, a BPM value, a coding 
rate indicator, a modulation scheme indicator, Sub-segment 
size information, information to demodulate and decode the 
received signal Such as, e.g., power level threshold used to 
determine the position of the non-zero QPSK modulation 
signals, and decoding information, e.g., look-up tables, to 
convert the determined position information and/or deter 
mined values of the QPSK signals into coded bits and/or 
information bits. AWT 300 having identified that it is desig 
nated as the first user for a downlink traffic channel segment 
and having identified the first user data rate level, e.g., via 
processing a received downlink segment assignment message 
or messages, identifies and accesses a set of information in 
first user demodulation/decoding information 386. The 
accessed set of information from info 386 is used by first user 
module 334 in processing the received signals resulting in 
recovered information bits 372. 

0082 Second user demodulation and decoding informa 
tion 388 includes sets of information corresponding to each of 
the coding and modulation options which may be selected by 
a base station 200 to communicate second user downlink 
traffic channel signals. For example a set of information may 
include a second user data rate level value, a BPM value, 
coding rate information, e.g., number of information bits in 
the segment, number of coded bits in the segment, codeword 
length, a modulation type indicator, e.g., indicating QPSK or 
QAM16 or QAM64 or QAM256 information to be used to 
demodulate the received signal. Such as, e.g., power level 
information, obtaining soft values, and decoding informa 
tion, e.g., code information to convert the determined soft 
values into recovered information bits. A WT 300 having 
identified that it is designated as the second user for a down 
link traffic channel segment and having identified the second 
user data rate level, e.g., via processing a received downlink 
segment assignment message or messages, identifies and 
accesses a set of information in second user demodulation/ 
decoding information 388. The accessed set of information 
from info 388 is used by second user module 336 in process 
ing the received signals resulting in recovered information 
bits 372. In some embodiments, a designated second user also 
receives and processes some assignment information corre 
sponding to the first user for the same downlink traffic chan 
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nel segment, e.g., information identifying the first user data 
rate level; such information is used in the removal of the 15 
user QPSK superposed modulation symbols prior to demodu 
lating and decoding the second user QAM signals. In some 
embodiments, the power level difference between the first 
user QSPK signals and the second user superposed QAM 
signals are intentionally sufficient that the WT should be able 
to identify MTUs including non-zero QKSK 1 user modu 
lation signals without the need to decode or evaluate 1 user 
rate level information. 

0083 Channel quality reports 394 are generated by chan 
nel quality determination modulation 330, e.g., based on 
measurements of received downlink pilot signals and/or bea 
con signals. Channel quality reports 394 are transmitted by 
WT 300 to BS 200 and are used in evaluating candidate 
second users for downlink traffic channel segments. 

0084. Uplink traffic channel messages 396 convey user 
data intended for peers of WT 300. Uplink traffic channel 
messages 396 are transmitted over uplink traffic channel seg 
ments to the BS 200 which WT 300 is using as its point of 
network attachment. The user data is forwarded, e.g., via the 
backhaul network, to the BS 200 that the peer of WT300 is 
using as its point of network attachment, where the received 
user data is viewed as a request for downlink traffic channel 
resources. Received downlink traffic channel segment assign 
ment messages 398 are received assignments of specific 
downlink traffic channel segments to WT 300. Received 
downlink traffic channel segment assignment messages 398 
may include information identifying the assigned segment, 
e.g., a segment index identifier, the assigned user, e.g., a WT 
ID, user type for the segment, e.g., first type or second type, 
and/or information identifying the data rate level. Received 
downlink traffic channel signal information 399 includes 
information included in or determined from received down 
link traffic channel signals, e.g., received Superposed down 
link traffic channel signals. 

0085 FIG. 4 is a drawing 400 of an exemplary coding and 
modulation transmission module 402 coupled to a transmit 
antenna 404. Exemplary coding and modulation transmission 
module 402 may be an exemplary embodiment of module 216 
of BS 200 of FIG. 2, while antenna 404 may be antenna 205 
of FIG. 2. Exemplary coding and modulation transmission 
module 402 includes a coding and modulation moduleX 406, 
a coding and modulation module Y 408, a combining module 
410, a combined signal transmitter module 412, a second user 
selection module 414, a second user multiplexing module 
416, users’ profile information 418, a transmission power 
control module 415, and a segment partitioning information/ 
module 417. It is assumed that the first user, for a given 
downlink traffic channel segment, is selected in another mod 
ule within the BS, e.g., first user selection module 236 of BS 
200 of FIG. 2. A first user for a downlink traffic channel 
segment is selected by the BS to transmit a low BPM in the 
segment with respect to second user for the same segment. In 
many embodiments, the highest BPM rate supported by cod 
ing and modulation module X 406 is less than the lowest BPM 
rate supported by the coding and modulation module Y 408. 
For a given downlink traffic channel segment including both 
modulation symbols X (S) 430 and modulation symbols Y 
(S) 431, the non-zero modulation symbols X (S) 430 are 
QSPK and are higher in power level than the non-zero modu 
lation symbols Y (S) 431 which are typically QAM, e.g., 
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QAM16 or QAM 64 or QAM 256. In some embodiments, 
coding and modulation module Y 408 includes QPSK capa 
bility. 
0.086 Coding and modulation module X 406 includes a 
modulation selector module 420, a controllable encoder 422 
and a controllable QPSK modulator 424. Coding and modu 
lation module X 406 receives a selected first user's uncoded 
bits (UB.) 426 and a signal 428 conveying the corresponding 
requested BPM (bits per MTU) data rate oran indicator of the 
data rate for the user. The uncoded bits (UB.) 428 are input to 
the controllable encoder 422 and BPM signal 428 is input to 
the modulation selector module 420. The modulation selector 
module 420 selects a coding rate and modulation scheme to 
use as a function of the BPM 428; control signals by the 
modulation selector 420 are sent to the controllable encoder 
422 and the controllable QPSK modulator module 424. The 
encoder 422 processes a set of information bits corresponding 
to the requested BPM, e.g., 1, 2, or 3 frames of information 
bits, encodes designated number of received uncoded bit 
steam (UB) 426 bits into a block encoded set of coded bits, 
and groups the coded bits for the segment into Subsets, each 
Subset of coded bits corresponding to a Sub-segment of the 
same downlink traffic channel segment. The encoder 422 
operations are performed in accordance with the commanded 
received control signal. The modulator 424 is controlled to 
generate a mix of Zero modulation symbols and non-Zero 
QPSK modulation symbols for each sub-segment, the loca 
tion of the non-zero and Zero modulation symbols within the 
sub-segment conveying some coded bit information and the 
values of the non-zero modulation symbols conveying some 
coded bit information. Output modulation symbols X (S.) 
430 are output from QPSK modulator 424 and routed to 
combining module 410. In addition a power level signal P. 
432 associated with the non-zero QPSK modulation symbols 
is output from coding and modulation module X 406 and 
input to the second user selection module 414. 
0087 Potential candidate second users for the downlink 

traffic channel segment are identified by the base station and 
identification signals (potential second user 1434, potential 
second user 2436. . . . . potential second user N 438) are 
forwarded to the second user selection module 414. Each 
potential second user (potential 2" user 1434, potential 2" 
user 2436,..., potential 2" user N438) has a corresponding 
uncoded bit stream (UB 440, UB 442. . . . UBN 444). 
which is available as input to the second user muX module 
416. Second user selection module 414 receives the power 
level P. 432 of the 1 user modulation symbols and tests 
potential second user (434, 436,438) as to whether the poten 
tial second user (434,436,438) would be acceptable, and then 
selects a selected second user from the set of acceptable 
second users and signals the selection in signal 448 directed to 
second user muX module 416. As part of the selection process, 
second user selection module 414 sends request signals 450, 
e.g., including a potential second user identification indicator, 
e.g., a WT ID, to the users profile information storage 418. 
The users’ profile information 418 may be located, in some 
embodiments, in BS memory 210. A set of profile informa 
tion corresponding to a potential second user may include, 
e.g., user channel conditions, data rates and corresponding 
modulation symbol power levels (P) that can be supported 
by the WT with regard to downlink traffic channel signals. 
User profile information is sent to the second user selection 
module 414 via signal 452. The second user selection module 
414 may include a SNRTHREstold 454, the SNRTHREst 
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HOLD 454 representing a power ratio level which should be 
exceeded for the candidate second user to be considered 
acceptable. For a given potential second user, the second user 
selection module 414 determines the ratio of the first user 
modulation symbol power level P. divided by the potential 
second userpower level P (P/P), where the value of P/P 
should be greater than SNRTRs 454 for the potential 
second user to be considered acceptable. The SNRTREs 
HOLD value 454 is selected to be larger than the expected 
minimum acceptable SNR required to successfully decode 
the X modulation signals, e.g., representing a 3 dB or 5 dB 
margin. As a result of the selection process, the second user 
selection module 414 chooses a selected second user which is 
conveyed in signal 448 to second user muX module 414, a 
corresponding control signal 456 is sent from the second user 
selection module 414 to the coding and modulation module Y 
408, e.g., conveying a selected data rate level, the selected 
data rate level identifying a BPM, modulation type, e.g., 
QPSK, QAM16 or QAM 64 or QAM 256, coding rate, and 
associated modulation signal power level P. 

0088 Second user mux module 416 receives second user 
selection signal 448 which controls the mux 416 to forward 
the selected one of the uncoded bit data streams (UB 440, 
UB 442. . . . . UBs 444) corresponding to the selected 
second user. Uncoded Bits selected Y (UBs) 458 are output 
from second user muX module 416 and input to coding and 
modulation module Y 408. Coding and modulation module Y 
408, e.g. supporting QPSK, QAM16, QAM64, and 
QAM256, includes an encoder 460 and a modulator 462. The 
encoder 460 receives the selected input uncoded information 
bit stream (UBs) 458 and performs block encoding for the 
segment in according with the selected coding rate as deter 
mined by control signal 456. The coded bits generated from 
the encoder 460 are forward to the modulator 462, where the 
coded bits are mapped to QPSK or QAM modulation signals, 
e.g., QAM16 modulation symbols or QAM64 modulation 
symbols or QAM256 modulation symbols, in accordance 
with the modulation type selection determined by control 
signal 456. In other embodiments, the coding and modulation 
module Y 408 may support other modulation types and/or 
different combinations of modulation types. 

0089 Modulation symbols Y (S) 431 are output from 
coding and modulation module Y 408 and input to the com 
bining module 410. Combining module 410 includes a sum 
mer module 411, a punch module 413, and a scaling module 
419. In some embodiments combining module 410 includes 
one of summer module 411 and punch module 413 and not the 
other. When, the summer module 411 is used, the summer 
module 411 performs superposition of modulation symbols X 
(S) with modulation symbols Y (S), and combined signal 
464 is output from the combining module 464, representing 
the Superposition of modulation symbols S. with modulation 
symbols S. When, the punch module 413 is used, the punch 
module 413 punches out a modulation symbol from modula 
tion symbols Y (S) with a corresponding non-Zero modula 
tion symbol from modulation symbols X (Sk) when a modu 
lation symbol from modulation symbols X (S) is non-zero 
and is to occupy the same tone-symbol. In this case, combined 
signal 464 represents the combination of modulation symbols 
Y (S) 431 which have not been punched out and the non-zero 
modulation symbols from the modulation symbols X (S) 
430. Combined signal 464 is input to combined signal trans 
mitter module 412, e.g., including an amplifier stage, and 



US 2010/0278O34 A9 

output to antenna 404 through which the combined downlink 
traffic channel signals are transmitted to WTs. 
0090 Scaling module 419, which is coupled to transmis 
sion power control module 415, applies power Scaling to the 
modulation symbols being combined, in accordance with the 
power level information associated with the non-zero X 
modulation symbols and Y modulation symbols. Transmis 
sion power control module 415 receives inputs P and P. 
associated with X and Y non-zero modulation symbols, 
respectively, and uses the received information to control the 
transmission power levels of non-Zero modulation symbols 
used to communicate a first set of data and modulation sym 
bols used to communicate a second set of data to maintain a 
minimum power difference. 
0.091 Segment partitioning information/module 417 is 
used for partitioning a downlink channel segment into a plu 
rality of Sub-segments, the partitioned plurality of Sub-seg 
ments being used by the coding and modulation module X 
406. FIG.11 illustrates some exemplary different partitioning 
of an exemplary downlink traffic channel segment. 
0092 FIG. 5 is a drawing of an exemplary coding and 
module 500. Exemplary coding a modulation module 500 
may be an exemplary embodiment of the coding and modu 
lation module X 406 of FIG. 4. Coding and modulation mod 
ule X 500 includes a modulation selector module 502, a 
controllable encoder module 504 and a controllable QPSK 
modulator module 506: modules (502,504,506) may corre 
spond to modules (420, 422, 424), respectively, of FIG. 4. 
Modulation selector 502 receives a bits per MTU (BPM) 
value or a BPM indicator value such as a data rate value 
indicating the number of frames of information bits to be 
conveyed in the segment, via input signal 508 indicating the 
desired data rate for the selected user for the downlink traffic 
channel segment. The modulation selector 502 selects a cod 
ing and modulation option from among a plurality of coding 
and modulation options supported by module 500 such that 
the selecting coding and modulation option Supports the 
desired BPM rate and satisfies a predetermined Zero symbol 
rate criteria. In some embodiments, this selection is per 
formed via a look-up table or similar logical mapping each 
possible data rate that can be conveyed via signal 508 to a 
coding rate indicator value and a modulation scheme indica 
tor value. The Zero symbol rate being the number of desig 
nated Zero modulation symbols divided by the number of 
positions available to communicate a modulation symbol on 
a per Sub-segment basis. For example, in one exemplary 
embodiment, the selection satisfies the following criteria: (i) 
if the BPMs 1.5, then the ZSR20.125, (ii) if the BPMs (1), 
then the ZSR20.25, (iii) if the BPMs(/2), then the 
ZSR20.5, (iv) if the BPMs (/3), then the ZSR20.75, (v) if 
the BPMs(/6), then the ZSR20.875. Multiple selections 
may satisfy this criteria. For example, if BPM=/3, ZSR can be 
chosen to be 0.75 instead of above 0.875. In some embodi 
ments, the modulation selector 502 selects the coding and 
modulation option which satisfies the specified criteria and 
results in the fewest number of non-zero QPSK modulation 
symbols for the segment. The selection results in a coding rate 
indicator (CRI) which is output from the modulation selector 
502 and input to the controllable encoder 504. The selection 
also results in a modulation scheme indicator (MSI) 512 
which is output from the modulation selector 502 and input to 
the controllable QPSK modulator 506. The CRI510 indicates 
a number of input information bits and a corresponding num 
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ber of coded bits to be produced from the indicated number of 
input information bits. The controllable encoder 504 includes 
CRI correlation information 514, e.g., a look-up table. The 
CRI correlation information 514 allows the decoder to deter 
mine for a given CRI value, a first number of uncoded infor 
mation bits to be processed for a segment into a second 
number of coded bits. The coding rate indicator information 
also allows the decoder to determine Sub-segment size and 
group coded bits. The CRI 510 can also indicate to the con 
trollable encoder the number of sub-segments within the seg 
ment, and the coding definition to use for coded bits for each 
Sub-segment, e.g., which coded bits are associated with the 
position of the non-zero QPSK modulation symbol or sym 
bols of the sub-segment and which coded bits are associated 
with the values of the non-zero QPSK modulation symbols of 
the sub-segment. Uncoded information bit stream (UB)516 
is processed by controllable encoder 504 which outputs 
coded bits (CB) 518 which are input to the controllable 
QPSK modulator 506. In accordance with various embodi 
ments, at least some of the modulation symbols for each 
Sub-segment are assigned to have a modulation symbol value 
of 0 by controllable QPSK modulator 506. The MSI 512 
indicates which one of a plurality of QPSK modulation 
schemes to be used to modulate coded bits. In some embodi 
ments, each of the possible QPSK modulation schemes cor 
responding to a different number of Zero MTU fractions. 
Controllable QPSK modulator 506 outputs modulation sym 
bols S. 520, the coded bits being conveyed by both the posi 
tion of Zero and non-zero modulation symbols within the 
Sub-segment and the values conveyed on each non-zero 
QPSK modulation symbol. In addition controllable QPSK 
modulator 506 also outputs an energy level output indicator 
(P) 522, P being a measure of the power level of a non-zero 
QPSK modulation symbol. The value of P522 is used by the 
second user selection module 414 in determining a Suitable 
second user, whose downlink traffic channel signals will be 
communicated as Superposed signals using the same air link 
resource, the power level of the second signal being Suffi 
ciently lower than the power level of the first user signals to 
allow detection of the first user downlink signals by the first 
USC. 

0093 Controllable QPSK modulator 506 includes a posi 
tion determination module 507 and a phase determination 
module 509. The position determination module 507 deter 
mines which of the output modulation symbols are to be zero 
modulation symbols and which are to be non-Zero modula 
tion symbols, the placement of the Zero and non-Zero modu 
lation symbols conveying coded bit information. The phase 
determination module 509 determines, the phase for the non 
Zero modulation symbols to be output, the phase of a non-zero 
QPSK modulation symbol conveying additional coded bits of 
information. 

0094 FIG. 6 includes drawings and tables illustrating 
exemplary embodiments of Sub-segment structure, modula 
tion symbols, and data rate information. The information of 
FIG. 6 may apply to the exemplary coding and modulation 
module X 500 of FIG. 5. Drawing 602 illustrates that four 
possibilities exist for an exemplary QPSK modulation sym 
bol; therefore each non-zero QPSK modulation signal gener 
ated by coding and modulation module X 500 can convey 2 
information bits by the phase of the complex value of the 
modulation symbol. 
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0.095 Column 604 illustrates 5 exemplary embodiments 
that may be used for coding and modulation of a sub-segment. 
Legend 606 identifies that MTUs within a sub-segment 
assigned QPSK modulation symbols with energy are desig 
nated by crosshatch shading as rectangle 608, while MTUs 
within a Sub-segment assigned a Zero modulation symbol are 
designated as an unshaded rectangle 610. Each MTU may be, 
e.g., an OFDM tone-symbol which is a basic unit of air link 
resource which may be used to convey one QPSK modulation 
symbol. 

0.096 First example 612 illustrates an example of an 
embodiment where each sub-segment includes two MTU 
units, and one of the MTUs is assigned a QPSK modulation 
symbol with energy, while the other MTU is assigned a zero 
modulation symbol. There are 2 possible options for the loca 
tion of the modulation symbol with energy; therefore, 1 coded 
bit can be conveyed by the location of the modulation symbol 
with energy. In addition, the phase of the complex value of the 
QPSK modulation symbol with energy conveys 2 coded bits. 
The coding and modulation scheme of first example 612 
conveys 3 coded bits per 2 MTUs or a maximum BPM=1.5 
assuming a coding rate=1. First example 612 can also be 
described in terms of a Zero symbol rate (ZSR), where the 
ZSR=the number of Zero modulation symbols/total number 
of modulation symbol slots in a sub-segment. The ZSR=0.5 
for first example 612. 

0097. Second example 614 illustrates an example of an 
embodiment where each sub-segment includes four MTU 
units, and one of the MTUs is assigned a QPSK modulation 
symbol with energy, while the other three MTUs are assigned 
a zero modulation symbol. There are 4 possible options for 
the location of the modulation symbol with energy; therefore, 
2 coded bits can be conveyed by the location of the modula 
tion symbol with energy. In addition, the phase of the com 
plex value of the QPSK modulation symbol with energy 
conveys 2 coded bits. The coding and modulation scheme of 
second example 614 conveys 4 coded bits per 4 MTUs or a 
maximum BPM=1.0, assuming a coding rate=1. The ZSR= 
0.75 for second example 614. 

0098. Third example 616 illustrates an example of an 
embodiment where each sub-segment includes eight MTU 
units, and seven of the MTUs are assigned a QPSK modula 
tion symbol with energy, while the other one MTU is assigned 
a zero modulation symbol. There are 8 possible options for 
the location of the set of modulation symbols with energy; 
therefore, 3 coded bits can be conveyed by the location of the 
modulation symbol with energy. In addition, the phase of the 
complex value of the QPSK modulation symbols with energy 
conveys 2 coded bits for each non-zero QPSK modulation 
symbol, representing 14 coded bits. The coding and modula 
tion scheme of third example 616 conveys 17 coded bits per 8 
MTUs or a maximum BPM=2.125 assuming a coding rate=1. 
The ZSR=0.125 for third example 616. 
0099 Fourth example 618 illustrates an example of an 
embodiment where each sub-segment includes four MTU 
units, and three of the MTUs are assigned a QPSK modula 
tion symbol with energy, while the other one MTU is assigned 
a zero modulation symbol. There are 4 possible options for 
the location of the set of modulation symbols with energy; 
therefore, 2 coded bits can be conveyed by the location of the 
set of modulation symbols with energy. In addition, the phase 
of the complex value of the QPSK modulation symbols with 
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energy conveys 2 coded bits for each non-zero QPSK modu 
lation symbol, representing 6 coded bits. The coding and 
modulation scheme of fourth example 618 conveys 8 coded 
bits per 4 MTUs or a maximum BPM=2.0 assuming a coding 
rate=1. The ZSR=0.25 for fourth example 618. 
0.100 Fifth example 620 illustrates an example of an 
embodiment where each sub-segment includes eight MTU 
units, and one of the MTUs are assigned a QPSK modulation 
symbol with energy, while the other seven MTUs areassigned 
a Zero modulation symbols. There are 8 possible options for 
the location of the modulation symbol with energy; therefore, 
3 coded bits can be conveyed by the location of the modula 
tion symbol with energy. In addition, the phase of the com 
plex value of the QPSK modulation symbol with energy 
conveys 2 coded bits. The coding and modulation scheme of 
fifth example 620 conveys 5 coded bits per 8 MTUs or a 
maximum BPM=0.625 assuming a coding rate=1. The ZSR= 
0.875 for fourth example 618. 
0101. It should be noted that first, second, third, fourth and 
fifth examples (612, 614, 616, 618, 620) efficiently encode 
code bits into energy position since the number of energy 
position alternatives is a positive integer value=2, where N is 
a positive integer. In some embodiments Sub-segment size 
and the number of non-zero QSPK modulation symbols per 
Sub-segment are selected Such that each of the coding and 
modulation schemes used by the QPSK coding and modula 
tion module implementing the coding and modulation 
schemes including at least some Zero modulation symbols per 
Sub-segment, has the possible number of energy position 
alternatives=2, where N is a positive integer. 
0102 FIG. 7 is a table 700 summarizing exemplary 
embodiments of the coding and modulation schemes 
described with respect to FIG. 6. First row 718 describes the 
information included in each column of the table. First col 
umn 702 includes the 1 user exemplary scenarios, with sce 
nario (1, 2, 3, 4, 5) corresponding to exemplary embodiment 
(612, 614,616, 618, 620), respectively, of FIG. 6. Rows (720, 
722, 724, 726, 728) correspond to exemplary scenarios (1, 2, 
3, 4, 5), respectively. Second column 704 includes the number 
of minimum transmission units (MTUs) in a Sub-segment, 
which is (2, 4, 8, 4, 8) corresponding to scenarios (1, 2, 3, 4, 
5), respectively. Third column 706 includes the number of 
non-Zero QPSK modulation symbols in a sub-segment, 
which is (1, 1, 7, 3, 1) corresponding to scenarios (1, 2, 3, 4, 
5), respectively. Fourth column 708 includes the Zero symbol 
rate (ZSR), which is (0.5, 0.75, 0.125, 0.25, 0.875) corre 
sponding to scenarios (1,2,3,4,5), respectively. Fifth column 
710 includes the number of coded bits conveyed in a sub 
segment by the position of the set of non-Zero modulation 
symbol or symbols with respect to the position of the set of 
Zero modulation symbol or symbols in the Sub-segment, 
which is (1, 2, 3, 2, 3) corresponding to scenarios (1, 2, 3, 4, 
5), respectively. Sixth column 712 includes the number of 
coded bits conveyed in a Sub-segment by the phase of non 
Zero modulation symbol or symbols in the Sub-segment, 
which is (2, 2, 14, 6, 2) corresponding to scenarios (1, 2, 3, 4, 
5), respectively. Seventh column 714 includes the number of 
coded bits conveyed in a sub-segment, which is (3, 4, 17, 8,5) 
corresponding to scenarios (1,2,3,4, 5), respectively. Eighth 
column 716 includes the maximum number of information 
bits per minimum transmission units (BPM) conveyed in a 
sub-segment, which is (1.5, 1.0, 2.125, 2.0, 0.625) corre 
sponding to scenarios (1,2,3,4, 5), respectively, if the coding 
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rate=1. In general, the coding rate is a value less than 1 and 
therefore the BPM is reduced accordingly. Column 717 is 
included for comparison purposes and includes the number of 
potential coded bits using standard QSPK with a non-zero 
QSPK modulation symbol in each MTU of the sub-segment, 
the number (n) of potential coded bits being based on sub 
segment size, where 2 coded bits can be conveyed for each 
modulation symbol slot of the sub-segment. Column 717 
indicates that sub-segment of (2, 4, 8, 4, 8) MTUs can convey, 
using QSPK with one QSPK modulation symbol per MTU, 
(4, 8, 16, 8, 16) coded bits, respectively. 

0103 FIG. 8 includes a table 800 listing exemplary first 
user modulation selector criteria and a table 850 illustrating 
exemplary wireless terminal data rate needs and options that 
can be selected. Table 800 includes a first column listing BPM 
criteria 802 and second column 804 lists ZSR criteria. First 
row 806 indicates that if the requested BPM is less than or 
equal to 1.5, then the ZSR for the selected coding and modu 
lation scheme should be greater than or equal to 0.125. Sec 
ond row 808 indicates that if the requested BPM is less than or 
equal to 1, then the ZSR for the selected coding and modula 
tion scheme should be greater than or equal to 0.25. Third row 
810 indicates that if the requested BPM is less than or equal to 
(/2) then the ZSR for the selected coding and modulation 
scheme should be greater than or equal to 0.5. Fourth row 812 
indicates that if the requested BPM is less than or equal to (/3) 
then the ZSR for the selected coding and modulation scheme 
should be greater than or equal to 0.75. Fifth row 814 indi 
cates that if the requested BPM is less than or equal to (/6) 
then the ZSR for the selected coding and modulation scheme 
should be greater than or equal to 0.875. 

0104 Table 850 includes: a first column 852 listing exem 
plary WTs (A, B, C, D), a second column 854 including 
exemplary BPM requests for WTs, e.g., for a given downlink 
traffic channel segment, and a third column 856 includes 
options that can be supported assuming a coding rate=1 and 
selection based on the criteria of table 800, e.g., which of 
designated exemplary scenarios (1, 2, 3, 4, 5) described with 
respect to FIGS. 5 and 6 could be considered as modulation 
scheme possibilities. In general, the coding rate will be 
selected to be a positive value less than 1 and thus the Sup 
ported BPM will be reduced accordingly. 

0105 First row 858 indicates that a request of 1.1 BPM is 
made for WTA needs. Table 800 indicates that the coding and 
modulation scenario selected should have a ZSR of 0.125 or 
greater. Table 700 indicates that each of the scenarios (1,2,3, 
4, 5) have a ZSR of 0.125 or greater; however scenario 2 does 
not Support the information data throughput as its maximum 
BPM=1.0 which is less than the requested BPM of 1.1; there 
fore, Scenario 2 is removed from consideration as an option. 
In addition scenario 5 does not support the information data 
throughput as its maximum BPM=0.625 which is less than 
the requested BPM of 1.1; therefore, scenario 5 is removed 
from consideration as an option. Therefore, any of the sce 
nario options (1, 3, 4) could be used to transmit the informa 
tion bits to WTA in the segment. 

0106) Second row 860 indicates that a request of 1.0 BPM 
is made for WTB needs. Table 800 indicates that the coding 
and modulation scenario selected should have a ZSR of 0.25 
or greater. Table 700 indicates that each of the scenarios (1,2, 
4, 5) have a ZSR of 0.25 or greater; however scenario 5 does 
not Support the information data throughput as its maximum 
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BPM=0.625 which is less than the requested BPM of 1.0: 
therefore, Scenario 5 is removed from consideration as an 
option. Therefore, any of the scenario options (1, 2, 4) could 
be used to transmit the information bits to WT B in the 
Segment. 

0107 Third row 862 indicates that a request of (24) BPM 
is made for WTC. Table 800 indicates that the coding and 
modulation scenario selected should have a ZSR of 0.25 or 
greater. Table 700 indicates that each of the scenarios (1, 2, 4, 
5) have a ZSR of 0.25 or greater; however scenario 5 does not 
Support the information data throughput as its maximum 
BPM=0.625 which is less than the requested BPM of (2/3); 
therefore, Scenario 5 is removed from consideration as an 
option. Therefore, any of the scenario options (1, 2, 4) can be 
used to transmit the information bits to WTC in the segment. 

0108) Fourth row 864 indicates that a request of (4) BPM 
is made for WT D. Table 800 indicates that the coding and 
modulation scenario selected should have a ZSR of 0.75 or 
greater. Table 700 indicates that each of the scenarios (2,5) 
have a ZSR of 0.75 or greater. Therefore, any of the scenario 
options (2,5) could be used to transmit the information bits to 
WTD in the segment. 

0109 FIG. 8 has been used to illustrate different exem 
plary WT data rate requirements, maximum BPM supported 
by different Zero symbol rate QPSK modulation schemes and 
exemplary ZSR selection criteria that may be imposed. In 
general, typically, in a given implementation, a given BPM 
data rate which corresponds to a number of frames of infor 
mation bits per segment maps to a coding and modulation 
scheme including a block coding rate, a Zero symbol rate, and 
a sub-segment size. Different BPM values, e.g., correspond 
ing to 1, 2, or 3 frames of information bits for the segment may 
map to three distinct coding and modulation schemes. 
0110 FIG. 9 is a drawing 900 illustrating an exemplary 
energy relationship between a non-Zero modulation symbol 
from a first coding and modulation module and a non-zero 
modulation symbol from a second coding and modulation 
module, the two modulation symbols to be transmitted as a 
superposed signal. FIG. 9 plots energy level of the compo 
nents of the Superposed modulation symbol on the vertical 
axis 902 vs coding and modulation module (X, Y) on the 
horizontal axis 904. The X coding and modulation module, 
using block encoding and Zero symbol rate QPSK with some 
Zero modulation symbols per Sub-segment, is used typically 
to Support low BPM data rate users for a given segment, e.g., 
a downlink traffic channel segment. The Y coding and modu 
lation module, e.g., using block coding techniques and con 
ventional QPSK, QAM 16, QAM 64, and/or QAM 256 
modulation, is used typically to support higher BPM data rate 
users with respect to the X coding and modulation module, 
for the same given segment. Symbol X (S) 906 with corre 
sponding power level P. 908 is shown in comparison to 
symbol Y (S) 910 with its corresponding power level P. 
910. In the case of QAM, e.g. QAM64, QAM256, for the Y 
coding and modulation module, the P910 can be considered 
to be the modulation symbol power level associated with the 
highest amplitude QAM symbol that may be generated, the 
highest power level producing the minimum power level dif 
ference between the X and Y symbols. Box 912 illustrates the 
relationship between P and P. P-ö (BPM X) P; the 
power level associated with generated modulation symbol 
values of the second user corresponding to modulation mod 
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ule Y is less than the power level associated with generated 
non-Zero modulation symbols for the first user corresponding 
to the modulation module X times some value delta (8), where 
delta is a positive value greater than one and delta is a function 
of the BPM X being used in the coding and modulation 
module X selected scheme. In some embodiments delta is 
selected to be a value, such that if the receiver in the WT for 
which S is intended treats the S component as noise, said 
WT should be able to recover the S symbol value. In some 
embodiments, a power margin, e.g., 3 dB to 5 dB is main 
tained above the minimum margin that is expected to be 
required for Successful recovery of the S value. 
0111 FIG. 10 illustrates an exemplary downlink traffic 
channel segment 1000. Vertical axis 1002 plots logical tone 
index 1002 within the segment while horizontal axis 1004 
plots OFDM symbol time index in the downlink traffic chan 
nel segment. In exemplary downlink traffic channel segment 
1000 the logical tone index ranges from 0 to 23, representing 
24 tones or 24 frequencies; the OFDM symbol time index 
ranges from 1 to 28, representing 28 Symbol time intervals. 
Each Small square, e.g., exemplary square 1006, represents 
one tone-symbol, the minimum transmission unit (MTU) 
being using in the exemplary OFDM system. Exemplary 
downlink traffic channel segment 1000 includes 672 OFDM 
tone-symbols. 

0112 FIG. 11 illustrates several exemplary subdivisions 
of an exemplary downlink traffic channel segment into Sub 
segments. Drawing 1100 illustrates an embodiment where 
exemplary segment 1000 of FIG.10 is sub-divided into exem 
plary Sub-segments, each Sub-segment having eight OFDM 
tone-symbols, each tone-symbol being an MTU. The exem 
plary segment includes 84 Sub-segments. In the exemplary 
embodiment of drawing 1100, each OFDM symbol time 
interval index value within the segment includes three sub 
segments. In accordance with one feature of Some embodi 
ments, Sub-segments are structured within a segment Such 
that each of the OFDM tone-symbols of a sub-segment occur 
during the same OFDM symbol time interval of the segment, 
where possible. 
0113 Drawing 1120 illustrates another embodiment 
where exemplary segment 1000 of FIG.10 is sub-divided into 
exemplary Sub-segments, each Sub-segment having four 
OFMD tone-symbols, each tone-symbol being an MTU. The 
exemplary segment includes 128 Sub-segments. In the exem 
plary embodiment of drawing 1120, each OFDM symbol 
time interval index value within the segment includes six 
Sub-segments. 

0114 Drawing 1140 illustrates another embodiment 
where exemplary segment 1000 of FIG.10 is sub-divided into 
exemplary Sub-segments, each Sub-segment having two 
OFMD tone-symbols, each tone-symbol being an MTU. The 
exemplary segment includes 256 Sub-segments. In the exem 
plary embodiment of drawing 1140, each OFDM symbol 
time interval index value within the segment includes twelve 
Sub-segments. 

0115 FIG. 12 illustrates an exemplary downlink traffic 
channel segment 1200 including Sub-segments and Super 
posed modulation symbols from first and second coding and 
modulation modules. Exemplary traffic channel segment 
1200 may be the exemplary traffic channel segment 1000 of 
FIG. 10 and may have been sub-divided into sub-segments of 
size 8 OFDM-tone symbols per sub-segment for first user 
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signaling as shown in example 1100 of FIG. 11. Legend 1250 
identifies the modulation symbol notation used S. 1252 and 
S. 1254. In each OFDM tone-symbol, a pair of modulation 
symbols are shown as (S,S), where S is the modulation 
symbol generated for the first user by the coding and modu 
lation module X and S is the modulation symbol generated 
for the second user by the coding and modulation module Y. 
For each OFDM tone-symbol, S is either a 0, representing a 
Zero modulation symbol or a non-zero QSPK modulation 
symbol, shown as SA, i=1,84, where the value of i represents 
the sub-segment index within the segment. Each SA value 
conveys two coded bits by the phase of the modulation sym 
bol, and the position of each SA modulation symbol within 
each sub-segment conveys 3 additional coded bits. For each 
OFDM tone-symbol S is a modulation symbol Sej=1,672, 
where the value of corresponds to the tone-symbol index of 
the dwell and the modulation type is QSPK or QAM, e.g., 
QAM16 or QAM64 or QAM256, the same modulation type 
being used for each symbol S of the segment, and the set of 
modulation symbols S. corresponding to block encoded 
information. 

0116 FIG. 13 illustrates an exemplary downlink traffic 
channel Sub-segment and exemplary coded bit mapping. 
Drawing 1302 illustrates that for this exemplary coding and 
modulation scheme, the coded bit stream is processed in sets 
offive bits bits (1,2,3,4,5). Drawing 1302 illustrates that the 
exemplary Sub-segment for this exemplary coding and modu 
lation scheme uses a sub-segment of eight MTUs (MTU 1, 
MTU2, MTU 3, MTU4, MTU5, MTU6, MTU7, MTU8). 
Drawing 1304 indicates that the eight MTUs of a sub-seg 
ment have been selected to occur on different frequencies 
during the same OFDM symbol time interval. Table 1306 
identifies the mapping of the set of coded bits (1,2,3) into an 
energy pattern within the Sub-segment where one of the 
MTUs is assigned a non-zero QSPK modulation symbol S. 
while the other seven MTUs are assigned a zero modulation 
symbol. Each different combination of input bits (1, 2, 3) 
values places the non-zero QPSK modulation symbol S. in a 
different MTU. Table 1308 identifies the mapping of the set of 
coded bits (4, 5) into the complex value of the QSPK modu 
lation symbol. Each different combination of input coded bit 
(4,5) values results in a different phase of the complex QSPK 
symbol value. 
0.117 FIG. 14 illustrates an exemplary coding and modu 
lation module X 1400 implemented and structured to take 
advantage of the property of incoming data streams which 
include two distinct types of information which may be pri 
oritized in terms of which set of information is more impor 
tant to be successfully recovered. Coding and modulation 
module X 1400 may be an exemplary embodiment of coding 
and modulation module X 406 of FIG. 4. Coding and modu 
lation module X 1400 includes a modulation selector module 
1402, a bit stream divider module 1403, a controllable 
encoder 1 position encoding module 1404, a controllable 
encoder 2 phase encoding module 1405, and a controllable 
QPSK modulator module 1406; modules (1402, 1404 and 
1405, 1406) may correspond to modules (420, 422, 424), 
respectively, of FIG. 4. Bit stream divider module 1403 
receives an incoming uncoded information bit stream UB. 
1416 corresponding to a selected user and divides the bit 
stream into two bits streams 1417 and 1419, e.g. UBkow 
RESOLUTION and UBXHIGHREsoLUTION. Modulation selector 
1402 receives a bits per MTU (BPM) value via input signal 
1408 indicating the desired data rate for the selected user for 
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the downlink traffic channel segment. The modulation selec 
tor 1402 selects a coding and modulation option from among 
a plurality of coding and modulation options Supported by 
module 1400 such that the selecting coding and modulation 
option supports the desired BPM rate and satisfies a prede 
termined Zero symbol rate criteria. The selection results in a 
coding rate indicator (CRI) 1410 which is output from the 
modulation selector 1402 and input to the controllable encod 
ers 1404 and 1405. In some embodiments, individual coding 
rate indicators are generated and sent to the two encoders 
1404, 1405, e.g., identifying different coding rates for each 
encoder (1404, 1405). The selection also results in a modu 
lation scheme indicator (MSI) 1412 which is output from the 
modulation selector 1402 and input to the controllable QPSK 
modulator 1406. Uncoded information bit stream 1417 (UB 
Low RESOLUTION) is processed by controllable encoder1 
position encoding module 1404 which performs block encod 
ing of the low resolution information bits on a per segment 
basis and outputs coded bits 1418. Coded bits 1418, which 
control the position in the Sub-segment of the set of non-Zero 
modulation symbols, are input to the controllable QPSK 
modulator 1406. In accordance with various embodiments, at 
least some of the modulation symbols for each Sub-segment 
are assigned to have a modulation symbol value of 0 by 
controllable QPSK modulator 1406. Uncoded information bit 
stream 1419 (UBXHIGHREsoLUTION) is processed by control 
lable encoder 2 phase encoding module 1405 which performs 
block encoding of the high resolution bits on a per segment 
basis and outputs coded bits 1421. Coded bits 1421, which 
control the phase of the non-zero QPSK modulation symbol 
or symbols in the Sub-segment, are input to the controllable 
QPSK modulator 1406. The MSI 1412 indicates which one of 
a plurality of QPSK modulation schemes to be used to modu 
late coded bits. In some embodiments, each of the possible 
QPSK modulation schemes corresponding to a different 
number of Zero MTU fractions. Controllable QPSK modula 
tor 1406 outputs modulation symbols S. 1420, the coded bits 
being conveyed by both the position of Zero and non-zero 
modulation symbols within the Sub-segment and the values 
conveyed on each non-zero QPSK modulation symbol. In 
addition controllable QPSK modulator 1406 also outputs an 
energy level output indicator (Pk) 1422, P. being a measure 
of the power level of a non-zero QPSK modulation symbol or 
symbols. The value of P 1422 is used by the second user 
selection module 414 in determining a Suitable second user, 
whose downlink traffic channel signals will be communicated 
as Superposed signals using the same air link resource, the 
power level of the second signal being sufficiently lower than 
the power level of the first user signals to allow detection of 
the first user downlink signals by the first user. 
0118 Coded bits conveyed by the position encoding have 
a higher probability of being successfully recovered than 
coded bits conveyed via the phase value of the non-zero 
modulation signal, since to recover the phase value of the 
communicated non-zero QPSK modulation symbol, the non 
Zero modulation symbols location within the Sub-segment 
needs to be first be successfully recovered. The implementa 
tion of coding and modulation module X 1400 takes advan 
tage of this inherent recovery probability difference to inten 
tionally direct different priority level uncoded information 
bits streams so that the higher priority stream is likely to have 
a higher Successful transmission recovery rate. In one exem 
plary embodiment the higher priority information may below 
resolution image data while the lower priority information 
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may be higher resolution image data, the higher resolution 
image data being used to enhance the resolution of the image 
communicated using the lower resolution image data. 
0119). In some embodiments, bit stream divider module 
1403 is located external to the coding and modulation module 
X 1400 and the module 1400 receives two input uncoded bit 
streams, e.g., of different priority level. In some embodi 
ments, the modulation selector module 1402 also directs CRI 
signal 1410 and/or MSI signal 1412 to the bit stream divider 
module 1403 so that the incoming bit stream division can be 
coordinated in conjunction with the coding and modulation 
scheme selected. 

0120 FIG. 15 is a table 1500 illustrating exemplary data 
rate options for a downlink traffic channel segment in an 
exemplary system. A number of data rate options (0,1,2,3,4, 
5, 6, 7, 8, 9, 10) are available to be used for a given downlink 
traffic channel segment. The bits per minimum transmission 
unit (BPM) increases as the data rate option value increases. 
Data rate options (0,1,2) correspond to different Zero symbol 
rate QPSK coding and modulation schemes and would be 
used for a first user in the exemplary system. Data rate 0, 
corresponding to the lowest BPM, using a 3/4 ZSR QPSK 
modulation scheme, e.g., where 1 out of 4 of the modulation 
symbols is a non-zero value and the other 3 are Ovalues. Data 
rate 1, corresponding to the next lowest BPM, also uses a 3/4 
ZSR QPSK modulation scheme, e.g., where 1 out of 4 of the 
modulation symbols is a non-zero value and the other 3 are 0 
values, but uses a different coding rate. Data rate 2, corre 
sponding to the next lowest BPM, uses a /2 ZSR QPSK 
modulation scheme, e.g., where 1 out of 2 of the modulation 
symbols is a non-zero value and the other 1 is 0. Data rate 
options (3), (4, 5, 6), (7,8), (9,10) correspond to conventional 
QPSK, QAM16, QAM64,OAM 256 modulation schemes, 
respectively, and would be used for a second user in the 
exemplary system. For a given downlink traffic channel seg 
ment there can be first user modulation symbols and second 
user modulation symbols assigned to the same air link 
resources of the segment, e.g., OFDM tone-symbols. 
0.121. In some embodiments a variation of the previously 
described apparatus and methods is used such that for a given 
downlink traffic channel segment including first user directed 
signaling using Zero symbol rate QPSK modulation schemes 
and second using directed signaling using, e.g., conventional 
QPSK modulation or QAM modulation techniques, each 
MTU, e.g., tone-symbol, of the segment can carry either a 
first user directed non-zero QPSK modulation symbol or a 
second user non-Zero modulation symbol, e.g., a QPSK or 
QAM modulation symbol. The non-zero modulation symbols 
from a first coding and modulation module Supporting Zero 
symbol rate QPSK signaling being interwoven with the non 
Zero modulation symbols from a second coding and modula 
tion module supporting conventional QPSK or QAM signal 
1ng. 

0.122 FIG. 16 is a drawing 1600 of an exemplary coding 
and modulation transmission module 1602 Supporting Such 
an interweaving capability. The coding and modulation mod 
ule 1602 of FIG. 16 is similar to the coding and modulation 
and module 402 of FIG. 4 and may be used in the exemplary 
base station 200 of FIG. 2 or a similar base station. 

0123 The coding and modulation module 1602 of FIG.16 
includes an interweaver module 1610 replacing the combiner 
module 410 of FIG. 4, and an interwoven signal transmitter 
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module 1612 replacing the combined signal transmitter mod 
ule 412 of FIG. 4. In addition, in FIG. 16 coding and modu 
lation module Y 1608 is coupled to the coding and modulation 
module X 1606 by a modulation signal indicator 1684. The 
number of modulation symbols in the segment allocated to 
coding and modulation module Y 1608 is a function of the 
number of non-zero modulation symbols allocated to the 
coding and modulation module X 1606, which is a function of 
the BPM for the selected first user 1664 for the given segment. 
In FIG. 16, a first user selection module 1616 and a first user 
mux module 1614 are included. A BPM signal 1662 can be an 
indicator of a data rate, e.g., identifying a number of frames of 
information bits to be conveyed using a Zero symbol rate 
modulation scheme in the segment. 

0124 Coding and modulation transmission module 1602 
includes first user muX module 1614, first user selection mod 
ule 1616, second user mux module 1618, second user selec 
tion module 1620, users’ profile information 1622, coding 
and modulation module X 1606, coding and modulation 
module Y 1608, interweaver module 1610 and interwoven 
signal transmitter module 1612. The coding and modulation 
module X1606 includes a modulation selector module 1624, 
an encodermodule 1626, e.g., a controllable encoder module, 
a modulator module 1628, e.g., a controllable QPSK modu 
lator, and constellation information 1627. The coding and 
modulation module Y 1608, e.g., a module capable of pro 
ducing a plurality of different types of modulation symbols, 
e.g., QPSK, QAM16/QAM64/QAM256 modulation sym 
bols, includes an encoder module 1630, a modulator module 
1632, and constellation information 1631. Second user selec 
tion module 1620 includes an SNR threshold 1634. Users 
profile information 1622 includes, e.g., user channel condi 
tion information and modulation symbol power level infor 
mation (P). 
0125 First user selection module 1616 receives signals 
identifying potential 1"users (potential 1 user 11642, poten 
tial 1 user 21644, ..., potential 1 user N 1646). The first 
user selection module 1616 sends request signal 1668 to 
users’ profile information 1662 requesting user profile infor 
mation for one or more of the potential 1 users, and in 
response to request signal 1668, user profile signal 1670 is 
returned from users’ profile information 1622 to first user 
selection module 1616. The first user selection module 1616, 
using information conveyed in signal 1670 selects a first user, 
and signals its selection via selected first user signal 1662 to 
first user mux module 1614. The first user selection module 
1616 also outputs a selected 1 user information bit per mini 
mum transmission unit (BPM) signal 1664 conveying the 
BPM of the selected first user to the modulation selector 1624 
of the coding and modulation module X 1606. 

0126 The first user mux module 1614 has uncoded bit 
stream inputs corresponding to the potential 1 users, 
(uncoded bit stream 1X (UB) 1636, uncoded bit stream 2X 
(UB) 1638, . . . . uncoded bit stream NX (UBN) 1640) 
which correspond to (potential 1 user 11642, potential first 
user 21644,..., potential 1 user N1646), respectively. The 
selected first user signal 1662, selects one of the input 
uncoded bit streams, which firs user muX module 1614 out 
puts as uncoded bits selected X (UBsk) which is input to 
coding and modulation module X 1606. 

0127. Modulation selector 1624 selects a modulation 
scheme indicator 1684, as a function if the 1 selected user 
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BPM indicated in signal 1664. At least some of the modula 
tion scheme indicator values which can be selected are asso 
ciated with Zero symbol rate modulation schemes, e.g., QPSK 
Zero symbol rate modulation schemes. Table 1750 of FIG. 17 
indicates some exemplary MSI/ZSR corresponding informa 
tion. The selection of the modulation selector 1624 is for 
warded to the encoder 1626 and modulator 1628. The encoder 
1626 receives uncoded bits selected (UBsk) 1660 as input, 
generates coded bits as a function of the modulation selector 
1626 selection, and outputs encoded bits, which are for 
warded to modulator 1628 as input. The modulator 1628, e.g., 
a controllable QPSK modulator supporting a plurality of dif 
ferent ZSR QPSK modulation schemers, generates Zero and 
non-Zero modulation symbols as a function of the modulation 
selector 1624 selection and the coded information bits 
received as input. Modulator 1628 includes a position module 
and a phase module. The position encoding module deter 
mines which output modulation symbols are to be Zero modu 
lation symbols and which output modulation symbols are to 
be non-Zero modulation symbols, thus conveying coded 
information bits via position. The phase module determines 
the phase of the non-zero QPSK modulation symbols output 
from module 1606. In some embodiments, modulator 1628 
includes a power control module 1629 for controlling the 
power level associated with non-Zero modulation symbols 
output from the coding and modulation module X 1606. The 
modulator 1628 outputs modulation symbols (S) 1686 to 
interweaver module 1610. 

0.128 Coding and modulation module X 1606 also outputs 
MSI signal 1684 to the coding and modulation module Y 
1608 and the interweaver module 1610. In addition coding 
and modulation module X 1606 outputs signal P 1676 indi 
cating the transmission power level associated with non-zero 
QPSK modulation symbols from coding and modulation 
module X 1606. Signal P 1676 is routed to second user 
selection module 1620, where it is an input signal. 
0.129 Second user selection module 1620 receives signals 
identifying potential 2" users (potential 2" user 11654, 
potential 2" user 21656,..., potential 2" userN 1658). The 
second user selection module 1620 sends request signal 1678 
to users profile information 1662 requesting user profile 
information for one or more of the potential 2" users, and in 
response to request signal 1678, user profile signal 1682 is 
returned from users’ profile information 1622 to second user 
selection module 1620. The second user selection module 
1620, using information conveyed in signal 1682 and/or P. 
signal 1678 information selects a second user. The second 
user selection module 1620 uses stored SNR threshold infor 
mation 1634, 1 user power level information P, 2" user 
channel conditions, and/or modulation symbol power levels 
that may be associated with second user modulation symbols 
to select a second user and set the bit per minimum transmis 
sion unit (BPM) and/or power level P. to be used for the 
second user. The selected second user identification informa 
tion is sent via signal 1674 to second user mux module 1618. 
The BPM and P information is sent form second user selec 
tion module 1620 to coding and modulation module Y 1608 
via signal 1692. 
0.130. The second user mux module 1618 has uncoded bit 
stream inputs corresponding to the potential 2" users, 
(uncoded bit stream 1Y (UB) 1648, uncoded bit stream 2Y 
(UB) 1650, ..., uncoded bit stream NY (UBN) 1652) 
which correspond to (potential 2" user 11654, potential sec 
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ond user 21656,..., potential 2" user N1658), respectively. 
The selected second user signal 1674, selects one of the input 
uncoded bit streams, which it outputs as uncoded bits selected 
Y (UBs) 1672 which is input to coding and modulation 
module Y 1608. 

0131 Coding and modulation module Y 1608 receives as 
input uncoded bits selected Y 1672, MSI 1674, and control 
signal 1692 indicating a BPM and power level PY associated 
with the second user. The coding and modulation module Y 
1608 determines a modulation Scheme to use, e.g., one of 
QPSK, QAM16, QAM64 and QAM256, a power level to use 
associated with the selected constellation, a coding block size 
and/or a coding rate to use, e.g., for the segment to be com 
municated. The encoder 1630 encodes the uncoded input bits 
1672, in accordance with the selected coding rate and coding 
block size to generate coded bits which are forward to modu 
lator 1632. Modulator 1632 uses the selected modulation 
constellation and power level to map the coded bits onto 
modulation symbols which are output from modulator 1632 
as modulation symbols Y (S) 1688. In some embodiments, 
modulator 1632 includes a power control module 1633 for 
controlling the power level associated with modulation sym 
bols output from the coding and modulation module Y 1608. 
Power control module 1633 controls the power level of modu 
lation symbols from module 1632 so that the modulation 
symbols will be transmitted at a lower power level than non 
Zero modulation symbols output from modulator 1628. The 
modulation symbols Y (S) 1688 are input to interweaver 
module 1610. 

0132) The interweaver module 1610 interweaves non-zero 
modulation symbols from modulation symbols X (S) 1686 
with modulation symbols Y (S) 1688 forming modulation 
symbol stream S. 1690 which is forwarded to interwoven 
signal transmitter module 1612. If a non-Zero modulation 
symbol from the modulation symbols X 1686 is input to 
interweaver module 1610, that modulation symbol is for 
warded into the stream Sz; however, if a Zero modulation 
symbol from the modulation symbols X 1686 is input to the 
interweaver module 1610, a modulation symbol from the 
modulation symbols Y 1688 is forwarded into the stream S. 
in place of the Zero modulation symbol. 

0133) Interwoven signal transmitter module 1612, e.g., 
including an OFDM symbol transmitter module 1613, trans 
mits the modulation symbols S2 via transmit antenna 1624 
which is coupled to transmitter module 1612. 
0134 FIG. 17 is a drawing of an exemplary coding and 
modulation module Y 1700 which may be the coding and 
modulation module Y 1608 of FIG. 16. Coding and modula 
tion module Y 1700 includes a controllable block encoder 
1702, e.g., an LDPC encoder, and a controllable modulator 
1704. The controller encoder 1702 receives uncoded bits for 
the selected 2" user 1708, a modulation scheme indicator 
1706 and control signal(s) 1710 including rate, modulation 
scheme, and/or modulation symbol power level information 
corresponding to the second user. Control signaling 1712, 
indicating rate and/or second user modulation Scheme, is 
directed to the controllable encoder 1702; control signaling 
1714, indicating 2" user modulation scheme and/or second 
user power level information (P), is directed to controllable 
modulator 1704. The MSI 1706, from the coding and modu 
lation module X, indicates to the encoder 1702 the number of 
Zero MTUs/segment that the 1 user will have, thus informing 
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the encoder 1702 how many modulation symbols are allo 
cated within the segment to be used to convey the second user 
modulation symbols. The second user control signals 1712 
received by the controllerencoder 1702 in addition to the MSI 
1706, allows the coding block size determination module 
1703 in the controller encoder 1702 to determine the coding 
block size, and then the encoder 1702 encodes the input 
information bits 1708 into coded bits 1716 which are for 
warded to the controllable modulator 1704. The controllable 
modulator 1704 receives a 2" user modulation scheme indi 
cator signal and a power level indicator signal, signals 1714, 
e.g., identifying a conventional QPSK or QAM modulation 
scheme and an associated power level for the modulation 
symbols. 
0135) In FIG. 17, a table 1750 is also included indicating 
several exemplary MSI values and corresponding informa 
tion. First column 1752 indicates modulation scheme indica 
tor (MSI); second column 1754 indicates Zero symbol rate (Z 
SR); third column 1756 indicates the number of minimum 
transmission units per segment (MTUS/seg). Fourth column 
1758 indicates the number or MTUs for user 1 for the segment 
(MTUs user 1); fifth column 1760 lists the number of non 
Zero MTUs for user 1 for the segment (if non-zero MTUs user 
1); sixth column 1762 lists the number of MTUs for user 2 for 
the segment. First row 1764 indicates that for the example of 
FIG. 17, for a modulation scheme indicator value of 0, there 
is no allocation to user 1 and the entire set of NMTUs for the 
segment can be used by user 2. Second row 1766 indicates 
that for a MSI-1, the ZSR=0.5, the NMTUs of the segment 
are used by user 1 for the ZSRQPSK modulation scheme with 
half of the MTUs carrying a 1 user non-zero QPSK modu 
lation symbol; the half of the NMTUs that end up with a zero 
modulation symbol from the perspective of 1 user are uti 
lized to carry 2" user modulation symbols. Third row 1768 
indicates that for a MSI-2, the ZSR=0.75, the NMTUs of the 
segment are used by user 1 for the ZSR QPSK modulation 
scheme with /4 of the MTUs carrying a 1 user non-zero 
QPSK modulation symbol; the 34 of the NMTUs that end up 
with a zero modulation symbol from the perspective of 1 
user are utilized to carry 2" user modulation symbols. Fourth 
row 1770 indicates that for a MSI-3, the ZSR=0.875, the N 
MTUs of the segment are used by user 1 for the ZSR QPSK 
modulation scheme with /s of the MTUs carrying a 1 user 
non-zero QPSK modulation symbol; the 7/8 of the NMTUs 
that end up with a Zero modulation symbol from the perspec 
tive of 1 user are utilized to carry 2" user modulation sym 
bols. 

0.136 FIG. 18 is an exemplary interweaver module 1800 
that may be the interweaver module 1610 of FIG. 16. The 
interweaver module 1800 includes a control module 1808, an 
X modulation symbol stream input buffer 1802, a Y modula 
tion symbol stream input buffer 1804, a zero symbol detector 
1806, and an interweaver 1810. The MSI signal 1816 from the 
modulation X (1) user module signals the control module 
1808 to load a set of X modulation symbols and a set of Y 
modulation symbols to be interwoven and communicated for 
the segment. The control module 1808 sends load X signal 
1820 to X modulation stream input buffer 1802 to load modu 
lation symbols from the X stream 1812, S modulation sym 
bols. The control module 1808 sends load Y signal 1824 to Y 
modulation stream input buffer 1804 to load modulation sym 
bols from the Y stream 1814, S modulation symbols. The 
control module 1808 sends aX forwarding enable signal 1822 
to the X modulation stream input buffer 1802 which forwards 
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a modulation symbol to the Zero symbol selector 1806. If the 
forwarded value is non-zero, it is forwarded as one of non 
Zero S values 1828 to the interweaver 1810 and output into 
the Z modulation stream 1832 as a S modulation symbol. 
However, if the forwarded value is zero, a forwarding enable 
signal 1826 is sent to the Y modulation stream input buffer 
1804, and a Y modulation symbol is forwarded, as one of S. 
values 1830, to the interweaver 1810 and output into the Z 
modulation stream 1832. The X forwarding enable signal 
1822 is repeated by the control module 1808 to clock through 
each location of the X modulation stream input buffer, e.g., 
the total number of MTUs, e.g., the total number of OFDM 
tone-symbol locations, of the segment. 
0137 In some embodiments, interweaver module 1810 
includes a replacement module 1811. The replacement mod 
ule 1811 receives as inputS modulation symbol values 1813 
and a replacement control signal 1815, the S modulation 
symbols 1813 including both Zero modulation symbol and 
non-Zero modulation symbols. In some embodiments, the 
replacement control signal 1815 is the same as forwarding 
enable signal 1826. The replacement control module 1811 
replaces, as part of the interweaving, Zero modulation sym 
bols from the S. stream input 1813 with a modulation symbol 
from the S modulation symbols input 1830. Thus locations, 
in the Sk stream where a non-Zero modulation symbol occurs 
remain unchanged, while locations in the Sk stream where a 
Zero modulation symbol occurs are replaced by an S modu 
lation symbol. 
0138 FIG. 19 shows a portion of an exemplary downlink 

traffic channel segment 1900 which has been interwoven to 
include 1 user and second user modulation symbols. The 
first user modulation scheme being a ZSR QPSK modulation 
scheme and the second user modulation scheme being a con 
ventional QPSK or QAM modulation scheme. The power 
level of the 1 user non-zero modulation symbols are higher 
than the power level of the second user modulation symbols, 
allowing receivers, e.g. WT receivers to be able to distinguish 
between 1 user non-zero modulation symbols and 2" user 
modulation symbols. WT receivers, implemented, in accor 
dance with various embodiments, are capable of detecting 
modulation symbols, distinguishing between 1 and second 
user modulation symbols, de-interweaving, demodulating 
and decoding the received signals to recover information bits. 
0139 FIG. 19 illustrates exemplary downlink traffic chan 
nel segment 1900 including Sub-segments and indexed modu 
lation symbols (SZ) from first and second coding and modu 
lation modules. The exemplary segment includes 672 OFDM 
tone-symbols and the index, k, of Sz ranges from 1 to 672. 
Exemplary traffic channel segment 1900 may be the exem 
plary traffic channel segment 1000 of FIG. 10 and may have 
been sub-divided into sub-segments of size 8 OFDM-tone 
symbols per Sub-segment for first user signaling as shown in 
example 1100 of FIG. 11. A S modulation symbol can be 
from a set of 84 non-zero modulation symbols corresponding 
to the 1"user, a SA modulation symbol where i is in the range 
of 1 to 84, or from the set of 588 modulation symbols corre 
sponding to the 2" user, a S modulation symbol where j is 
in the range 1 to 588. In this example, there is one SA modu 
lation symbol per sub-segment and 7S modulation symbols 
per sub-segment. Legend 1950 identifies that the modulation 
symbol notation used SA 1952, where i-1.84 identifies non 
Zero QPSK modulation symbols corresponding to a first 
user(s), each non-zero QPSK modulation symbol conveying 
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two coded bits, e.g., by the phase of the non-zero modulation 
symbol, and the position of each SA modulation symbol 
within a sub-segment conveys 3 coded bits. Legend 1950 also 
identifies that the modulation symbol notation used St 1954, 
where j=1,588 identifies QPSK or QAM, e.g., QAM 16, 
QAM64, QAM256, modulation symbols corresponding to a 
second user(s), the same modulation type being used for each 
symbol Spofthe segment, and the set of modulation symbols 
S. corresponding to block encoded information. In each 
OFDM tone-symbol, a modulation symbol (S2) is shown, 
the modulation symbol being one of the SA modulation sym 
bols or one of the SE modulation symbols where SA is a 
modulation symbol generated for the first user by the coding 
and modulation module X, e.g., module 1606, and S is a 
modulation symbol generated for the second user by the 
coding and modulation module Y, e.g., module 1608. 
0140 FIG. 20 shows a variation of FIG. 19, illustrating the 
placement of the first user non-Zero modulation symbols 
within the segment, which conveys first user coded bits, deter 
mines the placement of the second user modulation symbols 
for the segment. 
01.41 Exemplary downlink segment 2000 of FIG. 20 cor 
responds to exemplary downlink segment 1900 of FIG. 19. 
and may represent, e.g., the same downlink traffic channel 
segment in a downlink channel structure at a different time. 
Legend 2050 with legend information 2052 and 2054 of FIG. 
20 corresponds to legend 1950 with legend information 1952 
and 1954 of FIG. 19. 

0142) 
(SAISA2, SAs. SA4. SAs. SA6. SA7. SAs. SA9. . . . . SA82, Sass. 
SAs), respectively, occupies the OFDM tone-symbol within 
the segment having (logical tone index, OFDM symbol time 
index), ((22, 1), (15.1), (1,1), (20.2), (13.2), (2.2), (16.3), 
(11.3), (7.3). . . . . (23.28), (14.28), (2.28)) respectively. The 
S. j=1, 588 symbols corresponding to the second user(s) 
utilize OFDM tone-symbols of the segment not being used by 
the SA symbols. The transmit power level of non-Zero modu 
lation symbols for the 1 user is higher than the transmit 
power level of non-zero modulation symbols for the 2" user, 
as indicated by boldface used for S modulation symbols in 
the segment and regular typeface used for S modulation 
symbols in segment 1900. In segment 2000 first user modu 
lation Symbols (SA, SA2, SAs. SA4. SAs. SAs. SA7, SAs. SA9. 

. . SAs, Sass. SAs), respectively, occupies the OFDM 
tone-symbol within the segment having (logical tone index, 
OFDM symbol time index). ((21, 1), (15.1), (4,1), (21.2). 
(12.2), (0,2), (17.3), (15.3), (7.3), . . . . (23.28), (14.28), 
(2.28)) respectively. The Sej=1,588 symbols utilize OFDM 
tone-symbols of the segment not being used by the SA Sym 
bols. 

0.143. In FIGS. 19 and 20, one non-zero modulation sym 
bol, either belonging to a 1 user or a second user, occupies 
each given tone-symbol of the segment; the specific alloca 
tion of a given tone-symbol to the first or second user to 
convey one of its modulation symbols depends upon 1 user 
coded bits conveying location information within the Sub 
Segment. 

0144. In contrast, in the exemplary embodiment including 
at least Some overlap between first user non-Zero modulation 
symbols and second user non-zero modulation symbols illus 
trated by FIG. 12, the position of the second user's modula 
tion symbols is not affected by the location of the 1 user 

In segment 1900 first user modulation symbols 
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non-zero modulation symbols. In addition, the number of 2" 
user modulation symbols for a given segment is not altered by 
the ZSR modulation scheme used by the 1 user of the same 
Segment. 

0145. In some embodiments, the selection between which 
users utilize ZSR modulation schemes (1 users) and which 
users utilize conventional modulation schemes (2" users) is 
based upon the amount of data to be communicated, with 
lower data rates typically being directed to ZSR modulation 
schemes. In some embodiments, channel quality conditions 
are also taken into consideration, e.g., those with better chan 
nel quality being directed to be 2" type users. In some 
embodiments, where 1 user signaling is directed to a group 
of users and 2" user signaling is also directed to a group of 
users, for the same segment, typically, the 2" user signaling 
is directed to a smaller group of users. In some embodiments, 
where 1*user signaling is directed to a group of users and 2" 
user signaling is also directed to a group of users, for the same 
segment, typically, the 2" user signaling is directed to the 
group of users with better channel quality conditions. 

0146 Various combinations are possible between unicast, 
multicast, and/or broadcast. In some embodiments the same 
one of unicast, multicast, or broadcast is used for both first 
and second user designations for a given segment. In other 
embodiments a mixture between two different ones of uni 
cast, multicast and broadcast is used with the first and second 
users corresponding to different ones of unicast, multicast 
and broadcast. 

0147 In some embodiments, the combination of ZSR 
QPSK modulation for first users and conventional modula 
tion techniques, e.g., conventional QPSK, QAM for second 
users, with the non-zero ZSR QPSK modulation symbols 
having higher power levels than the second user modulation 
symbols is used in a broadcast environment. For example, 
every or most user in the cell may including users at the edge 
of the cell should be able to receive and successfully decode 
the ZSR signals, while a limited group of users, e.g., those 
with better quality channel conditions, e.g., closer to the base 
station may be able to receive the second user signals. In some 
embodiments, different resolution or different quality signals 
are communicated via first user signaling and second user 
signaling. For example, first user signaling may include 
coarse resolution video signals, which second user signaling 
may be used to achieve finer resolution video signals. 
0.148. A receiver receiving a signal transmitted can use 
Soft-In-Soft-Out demodulation techniques to efficiently 
decode the signals transmitted using a Zero symbol rate. 
0149 Soft demodulation of position-modulated QPSK 
block will now be discussed. The following discussion 
describes an exemplary demodulation method that applies to 
the case where 1 out of 2/4/8 symbols is non-zero QPSK. The 
case that 1 out of 4 or 8 symbols is a Zero symbol would differ 
somewhat from the described method but will be readily 
apparent to those skilled in the art in view of the teachings of 
the present application. 

0150. The principle of a soft-in soft-out algorithm apply 
ing to a group of bits satisfying certain constraints is well 
understood. Given respective a priori information (soft-in 
messages) of these bits, the algorithm calculates updated, or a 
posteriori, beliefs (soft-out messages) of these bits using the 
constraints satisfied by these bits. Often, the optimal maxi 
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mum a posteriori (MAP) update is feasible; other times, an 
approximated Suboptimal update replaces a MAP decision. 

0151 ASISO module is ideal in iterative decoding and/or 
demodulation. For example, iterative SISO decoding of two 
convolution codes renders the amazing performance of turbo 
codes; iterative SISO decoding and SISO demodulation 
approximate the optimal joint decoding-demodulation deci 
S1O. 

0152 We consider a sub-block, of 2(k-2) MTUs, modu 
lated using k bits b0, b1, ..., b(k-1). There is one and only 
one nonzero (QPSK) symbol inside this sub-block. We 
assume that the first (k-2) bits determine the position of the 
QPSK symbol and the last 2 bits determine the phase of the 
QPSK symbol. Without loss of generality, let's assume the 
one-to-one mapping between position X and (k-2)-tuple 
pb=(b0,..., b(k-3)) is that pb is the binary expansion of y, in 
other words, bit-sequence (b0, b1, . . . , b(k-3)) means the 
QPSK symbol position is x=b0+b1*2+b2*4+ . . . +b(k- 
3)*(2<<(k-3)). For convenience, let the 4 phases of QPSK 
symbols be PI/4, PI/2+PI/4, 2*(PI/2)+PI/4, 3*(PI/2)+PI/4 
and be indexed as 0, 1, 2, 3. We assume bits (b(k-2), b(k-1)) 
determine the indexy to be (b(k-2)+b(k-1)*2). This arrange 
ment simplifies the extraction of soft-information of bits, but 
it is not essential. A different arrangement of bits will render 
algorithms identical in essence. 

0153. We now describe a soft-in soft-out (SISO) demodu 
lation for such a position-modulated QPSK block. For sim 
plicity, henceforth we assume k=4. The 4-bits uniquely deter 
mines the modulation among (2<<4=16) possible cases, 
which are 

0154 COOl: QPSK symbol at 0" symbol, with phase 0154) COILO): Q y y p 
index 0, 
0155 CO1): QPSK symbol at 0" symbol, with phase O155 CO1): Q y y p 
index 1: 
0156 CO2: QPSK symbol at 0" symbol, with phase 0156 CO2: Q y y p 
index 2. 
0157 CO3: QPSK symbol at 0" symbol, with phase O157 COIL3: Q y y p 
index 3; 
0158 C10: QPSK symbol at 1" symbol, with phase 0158 C10: Q y y p 
index 0, 

0159) 
0.160) C32): QPSK symbol at 3" symbol, with phase 
index 2. 
0161) C33: QPSK symbol at 3" symbol, with phase 
index 3. 

0162 The soft-in (a priori) messages about bits (b0. 
b1, .... b3) are soft in O), soft in 1,..., soft in3) and we 
would like to calculate MAP soft decision soft outO), soft 
out 1. . . . . soft out 3 given the constraint that received 

symbols (ro,..., r3) are the noisy version of the modulated 
symbols. Let's associate a log-likelihood metric Tmn to 
the case Cmn. Let us denote the logarithm of the condi 
tional probability that Cmn is the transmitted symbol 
given what is received as Imn, e.g. Imn=log (prob(C 
mnr0, r3)), which is proportional to log (prob(r0, . . . 
r3|Cmn)). Without a priori information, TmIn is iden 
tical to Imn up to a constant shift. With a priori informa 
tion, TmIn=Imn+Am+Sn), where Am denotes the 
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log-likelihood that the QPSK symbol at 0" symbol and Sn) 
denotes the log-likelihood that the QPSK symbol has phase 
index n. 

0163 Before we describe the calculation of Amand 
Sn), let's see how we derive soft out when we have Tm 
n. 

0.164 For the position bits j=0, 1, 
soft Outli-LogSum (m,n:mi-OTmIn 
LogSum {m,n. mi=1}TmIn 

0.165 where m has the binary expansion (mom1) 
and the LogSum operator is defined as LogSum(a,b)= 
log(exp(a)--exp(b)). 

0166 For the phase bits j=2,3, 
soft Out-LogSum (m, ninji=0}TmIn 
LogSum {m,n.nji=1}TmIn 

0.167 Where n has the binary expansion (n2n3). 
0168 From the set of soft out and soft in messages, we 
can also derive extrinsic information ext=soft out-soft 
n), which is the proper log-likelihood required in iterative 
decoding/demodulation module. 

0169. Now let's see how we obtain Am) and Sn). 
Again let m have the binary expansion (mOm1) and 
n have the binary expansion (n2m n3). 

0170 Then Am=sum_{jimji=0} soft inj). 
0171 And Sn)=sum :: n=0} soft in). 

0172 FIG. 21 is a drawing of a flowchart 2100 of an 
exemplary method of transmitting sets of data. The exem 
plary method of flowchart 2100 is well suited for operations 
in a wireless communications system where a base station is 
transmitting to multiple wireless terminals, e.g., an OFDM 
wireless communications system using segments such as 
downlink traffic channel segments. Operation of the exem 
plary method is started in step 2102, where the transmitting 
apparatus, e.g., a base station, is powered on and initialized. 
Operation proceeds from step 2102 to step 2104. In step 2104, 
the apparatus selects a first user, e.g., a first wireless terminal, 
e.g., as a function of channel condition information, amounts 
of information to be communicated, desired data rates, and/or 
priority information. Operation proceeds from step 2104 to 
step 2106. In step 2106, the apparatus receives a first set of 
information bits corresponding to the first user to be commu 
nicated to the first user in a communications segment, e.g., a 
downlink traffic channel segment. For example, the exem 
plary downlink traffic channel segment may include a fixed 
number of minimum transmission units, e.g., OFDM tone 
symbols. Operation proceeds from step 2106 to step 2108. 
0173. In step 2108, the apparatus selects a zero symbol 
rate coding and modulation scheme to communicate the first 
set of information as a function of a desired information bit 
per minimum transmission unit data rate. For example, the 
selected Zero symbol rate coding and modulation scheme 
may be one of a plurality of possible predetermined Zero 
symbol rate coding and modulation schemes, e.g., different 
QPSK based ZSR coding and modulation schemes. An exem 
plary ZSR coding and modulation scheme may include a 
coding rate, a Sub-segment size, a ZSR to be applied to Sub 
segments, a modulation type for non-Zero modulation sym 
bols, e.g., QPSK. In some embodiments different information 
bit data rate are associated with different Zero symbol rate 
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coding and modulation schemes. Operation proceeds from 
step 2108 to step 2110 in some embodiments, while in other 
embodiments operation proceeds from step 2108 to step 
2112. 

0.174. In step 2110, the apparatus partitions the communi 
cations segment into a plurality of Sub-segments in accor 
dance with the selected ZSR coding and modulation scheme. 
In various embodiments, the same ZSR coding and modula 
tion scheme is used for each of sub-segments of the segment. 
In some embodiments, the same ZSR coding and modulation 
scheme is used for multiple sub-segments of the segment. In 
Some embodiments, some portion of the segment may be left 
unused with respect to communicating the first set of infor 
mation bits. Operation proceeds from step 2110 to step 2112. 

0.175. In step 2112, the apparatus generates a first set of 
coded bits from the first set of information bits. Operation 
proceeds from set 2112 to step 2114. In step 2114, the appa 
ratus generates Zero and non-zero modulation symbols to 
convey the first set of coded bits. Step 2114 includes sub-step 
2116, 2118, and 2120. In sub-step 2116, the apparatus deter 
mines the position of Zero and non-Zero modulation symbols 
as a function of some of the first set of coded bits. In sub-step 
2118, the apparatus determines the phase and/or amplitude of 
the non-Zero modulation symbols as a function of some of the 
first set of coded bits, and in sub-step 2120, the apparatus 
determines a transmission power level associated with the 
non-Zero modulation symbols. For example, consider an 
example, where the ZSR has been selected to be 34, where the 
non-zero modulation symbols are QPSK modulation sym 
bols and where the Sub-segment size is 4 minimum transmis 
sion units, e.g., 4 OFDM tone-symbols. In such an embodi 
ment, corresponding to a Sub-segment, there is one non-zero 
and there Zero modulation symbols in the Sub-segment. The 
location of the one non-Zero modulation symbol is used to 
convey two coded bits and the phase of the non-Zero modu 
lation symbol is used to convey two additional coded bits. A 
transmission power level is determined and associated with 
the non-zero QPSK modulation symbol. 

0176). In some embodiments, the first set of data, first set of 
information bits, includes data having a first priority and data 
having a second priority, the second priority being lower than 
the first priority. In some such embodiments, the high priority 
data is communicated through position encoding of the non 
Zero modulation symbols, and the low priority data is com 
municated through phase encoding. 

0.177 Operation proceeds from step 2114 via connecting 
node A 2122 to step 2124. In step 2124, the apparatus selects 
a second user, e.g., a second wireless terminal, to receive a 
second set of information bits in the same communications 
segment, the selection being performed as a function of sec 
ond user profile information and/or the transmission power 
level associated with non-zero modulation symbols corre 
sponding to the first set of coded bits. The second user profile 
information includes, e.g., channel condition information, 
amounts of information to be communicated, desired data 
rate, and/or priority information. Operation proceeds from 
step 2124 to step 2126. In various embodiments the first and 
second user are different, e.g., during at least some times. In 
Some such embodiments, the steps of selecting first and sec 
ond wireless terminals from a plurality of wireless terminals 
is based on information indicative of channel quality between 
the apparatus transmitter used to perform the transmitting 
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steps and the first and second wireless terminals, wireless 
terminals having different channel quality conditions being 
selected as first and second wireless terminals. In some 
embodiments at Some times the first and second wireless 
terminal may be the same wireless terminal, e.g., with the first 
set of data corresponding to a low data rate application and the 
second set of data corresponding to a high data rate applica 
tion. 

0178. In step 2126, the apparatus selects a coding and 
modulation scheme and modulation symbol power level to 
communicate the second set of information bits. For example, 
in Some embodiments, the coding and modulation used to 
communicate the second set of bits includes block encoding 
at one of a plurality of different coding rates and a modulation 
method such as, e.g., one of QPSK, QAM16, QAM64, and 
QAM256. In some embodiments, the information bit per 
minimum transmission unit (MTU) data rates that may be 
selected corresponding to the second set of information bits 
are higher than the information bit per MTU data rates that 
may be selected corresponding to the first set of information 
bits. 

0179 Operation proceeds from step 2126 to step 2128. In 
step 2128, the apparatus generates an assignment message or 
messages to identify the first and second users corresponding 
to the communications segment. Operation proceeds from 
step 2128 to step 2130. In step 2130, the apparatus transmits 
the generated assignment message or messages. Operation 
proceeds from step 2130 to step 2132. 
0180. In step 2132, the apparatus generates a second set of 
coded bits from the second set of information bits, e.g., as part 
of a block encoding operation for the communications seg 
ment. Operation proceeds from step 2132 to step 2134. In step 
2134, the apparatus generates a second set of modulation 
symbols from the second set of coded bits, e.g., a set of 
modulation symbols using one of a QPSK constellation, a 
QAM16 constellation, a QAM16 constellation, and a 
QAM256 constellation in accordance with the selection of 
step 2126. Different numbers of coded bits are mapped to a 
modulation symbol depending upon the type of modulation 
constellation being used. Operation proceeds from step 2134 
to step 2136. 

0181. In step 2136, the apparatus combines the modula 
tion symbols from the 1 and 2" sets. Two alternative 
embodiments are illustrated in step 2136. In the first alterna 
tive, step 2138 is performed, in which the first set of modu 
lation symbols and the second set of modulation symbols are 
superposed. In the second alternative step 2140 is performed 
in which the apparatus performs selective punch operations. 
Step 2140 includes sub-steps 2142. 2144, 2146 and 2148. In 
sub-step 2142, the apparatus overlays 1 and 2" sets of 
modulation symbols. Then, for each MTU of the segment for 
which there is an overlap, step 2144 is performed. In step 
2144, the apparatus checks and determines if a 1" set modu 
lation symbol corresponding to the MTU location is a non 
Zero modulation symbol. If it is a non-Zero modulation sym 
bol, then operation proceeds from step 2144 to step 2148: 
otherwise operation proceeds to step 2146. In step 2148, the 
apparatus allocates the 15 set modulation symbol to the MTU 
and the 2" set modulation symbol is punched out. In step 
2146, the 2" set modulation symbol is allocated to the MTU, 
e.g., superposed with the 15 set Zero modulation symbol. For 
MTUs of the segment in which there is no overlap between 1 
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and 2" sets of modulation symbols but in which a modulation 
symbol from one of the 15 and 2" set is mapped to the MTU, 
the modulation symbol is allocated to use the MTU. Opera 
tion proceeds from step 2136 via connecting node B 2150 to 
step 2152. 
0182. In step 2152, the apparatus transmits the combined 
modulation symbols in the communications segment. Step 
2152 includes steps 2154, 2156, and 2158. 
0183 Instep 2154, the apparatus controls the transmission 
power level of non-Zero modulation symbols used to commu 
nicate the first set of data, first set of information bits, and 
modulation symbols used to communicate the second set of 
data, second set of information bits, to maintain a minimum 
power difference. The minimum power difference is such that 
non-Zero modulation symbols used in communicating the 
first set of data are transmitted at a higher power level than 
non-Zero modulation symbols used to communicate the sec 
ond set of data. 

0.184 In step 2156, the apparatus transmits in the commu 
nications segment including a plurality of minimum trans 
mission units, e.g., OFDM tone-symbols, the first set of data, 
first set of information bits, using at least Some Zero and some 
non-Zero modulation symbols, the first set of data being com 
municated by a combination of the position of non-zero 
modulation symbols within the segment and at least one of 
phase and amplitude of the transmitted non-zero modulation 
symbols. For example, step 2156, in some embodiments, 
includes transmitting into the communications segment 
modulation symbols following a zero symbol rate QPSK 
modulation scheme, e.g., using Sub-segments. 
0185. In step 2158, the apparatus transmits in the same 
communications segment a second set of data, second set of 
information bits, using modulation symbols transmitted on at 
least some of minimum transmission units used to transmit 
the first set of data. For example, step 2156, in some embodi 
ments, includes transmitting into the communications seg 
ment using one of a QPSK, QAM16, QAM64 and QAM256 
modulation symbols. In some Such embodiments, some of the 
modulation symbols from the second set have been punched 
out by non-zero modulation symbols from the first set. 
0186 Operation proceeds from step 2152 via connecting 
node C 2160 to step 2104, where the apparatus performs 
operations for another transmission segment. 
0187. In some embodiments, transmitting a first set of data 
includes transmitting informationata first information bit per 
minimum transmission unit data rate and transmitting a sec 
ond set of data includes transmitting information at a second 
information bit per minimum transmission unit data rate, the 
second information bit per minimum transmission unit data 
rate being different, e.g., higher than, the first information bit 
per minimum transmission unit data rate. 
0188 In the exemplary embodiment, the apparatus selects 
a Zero symbol rate coding and modulation Scheme from 
among a plurality of different Zero symbol rate schemes Sup 
ported by the apparatus, at least some of the different Zero 
symbol rate schemes using different Zero symbol rates, e.g., a 
34 ZSR and a 7/8ZSR. In some other embodiments, the appa 
ratus uses a fixed Zero symbol rate, e.g., a 3/4 ZSR, for com 
municating the first set of information bits. In some embodi 
ments, different coding rates are Supported corresponding to 
one or more different ZSR symbol rates. 
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0189 Invarious embodiments, the ZSR being used by the 
apparatus and information bit per MTU data rate satisfies one 
of more of the following: (i) the ZSR indicates a predeter 
mined ZSR greater than or equal to 0.125 and the information 
bits per MTU used to transmit the first set of data is less than 
or equal to 1.5; (ii) the ZSR indicates a predetermined ZSR 
greater than or equal to 0.25 and the information bits per MTU 
data rate used to transmit the first set of data is less than or 
equal to 1; (iii) the ZSR indicates a predetermined ZSR 
greater than or equal to 0.5 and the information bits per MTU 
data rate used to transmit the first set of data is less than or 
equal to 0.5; (iv) the ZSR indicates a predetermined ZSR 
greater than or equal to 0.75 and the information bits per MTU 
data rate used to transmit the first set of data is less than or 
equal to /3; and (v) the ZSR indicates a predetermined ZSR 
greater than or equal to 0.875 and the information bits per 
MTU data rate used to transmit the first set of data is less than 
or equal to 0/6. 

0190. In various other embodiments, a communications 
segment may include Sub-segments using ZSR coding and 
modulation schemes, which may be different and/or different 
Sub-segments may correspond to multiple wireless terminals, 
e.g. Some Sub-segments using a first ZSR coding and modu 
lation scheme being used to communicate a first set of infor 
mation bits to a first wireless terminal and some Sub-segments 
using a second ZSR coding and modulation scheme corre 
sponding to a third wireless terminal being used to commu 
nicatea third set of information bits. In embodiments, some of 
the Sub-segments of the same segment may have different 
sizes, e.g., a 4 MTU size sub-segment corresponding to a 34 
ZSR coding and modulation scheme, and an 8 MTU size 
Sub-segment corresponding to a 7/8 ZSR coding and modula 
tion scheme. In some embodiments, the Sub-segments within 
the segment are structured such that some of the MTUs of the 
segment do not correspond to a Sub-segment. 

0191 FIG. 22 is a drawing of a flowchart 2200 of an 
exemplary communications method. The exemplary method 
of flowchart 2200 is well suited for operations in a wireless 
communications system, e.g., where a base station is trans 
mitting to multiple wireless terminals. The exemplary wire 
less communications system is, e.g., an OFDM wireless com 
munications system using segments such as downlink traffic 
channel segments. The method of flowchart 2200 will be 
explained in the context of an exemplary base station imple 
menting the steps of the method; however, the method is also 
Suitable for other communications applications. 

0192 Operation of the exemplary communications 
method starts in step 2202, where the base station is powered 
on and initialized. Operation proceeds from step 2202 to step 
2204. In step 2204, the base station selects first and second 
users to receive an interwoven modulation symbol stream, the 
first user being selected to recover information being con 
veyed by the first modulation symbol stream and the second 
receiver being selected to recover information being con 
veyed by the second modulation symbol stream. In some 
embodiments, the first modulation symbol stream has a lower 
information data rate than the second modulation symbol 
stream. In various embodiments, the first and second users 
correspond to different users and are selected based on dif 
ferent transmitted power levels required for successful recov 
ery of information being conveyed to the selected wireless 
terminal. Operation proceeds from step 2204 to step 2206. 

22 
Nov. 4, 2010 

0193 In step 2206, the base station determines the loca 
tion of at least some Zero modulation symbols in the first 
modulation symbol stream. Operation proceeds from step 
2206 to step 2208. In step 2208, the base station interweaves 
non-Zero modulation symbols from the first modulation sym 
bol stream with modulation symbols from the second modu 
lation symbol stream, the first modulation symbol stream 
including non-Zero modulation symbols and Zero modulation 
symbols, at least some of the modulation symbols from the 
second modulation symbol stream replacing Zero modulation 
symbols of the first modulation symbol stream to generate an 
interwoven modulation symbol stream. Replacing performed 
as part of the interweaving replaces a Zero modulation symbol 
from the first modulation symbol stream corresponding to a 
determined location from step 2206 with a modulation sym 
bol from the second modulation symbol stream. Operation 
proceeds from step 2208 to step 2210. 
0194 In step 2210, the base station transmits the interwo 
ven modulation symbol stream. Step 2210 includes sub-step 
2212. In step 2212, the base station controls the transmission 
power levels of the modulation symbols to transmit non-zero 
modulation symbols in the interwoven stream obtained from 
the first modulation symbol stream at a higher power level 
than non-Zero modulation symbols obtained from the second 
modulation symbol stream. 
0.195. In various embodiments, the transmitting of step 
2210 includes transmitting modulation symbols from the 
interwoven modulation symbol stream using OFDM tone 
symbols, e.g., an individual modulation symbol from the 
interwoven modulation symbol stream being conveyed by an 
individual tone-symbol of a communications segment, e.g., a 
downlink traffic channel segment. 
0196. In some embodiments, the first modulation symbol 
stream has a Zero symbol rate, e.g., a selected Zero symbol 
rate. In some Such embodiments, the selected Zero symbol 
rate is one of a plurality of predetermined Zero symbol rates, 
e.g., a 1/2 ZSR, a 3/4 ZSR, a 7/8 ZSR, etc. The selected Zero 
symbol rate is, in some embodiments, selected to be used for 
modulation symbols to be transmitted in a communications 
segment, e.g., a traffic channel segment. In some embodi 
ments, the communications segment is sub-divided to include 
a plurality of Sub-segments, the size of the Sub-segment, e.g., 
in terms of minimum transmission units, e.g., OFDM tone 
symbols, is such as to correspond to the selected Zero symbol 
rate being used. For example, if a ZSR of 3/4 is used, some 
exemplary sub-segment sizes are 4 OFDM tone-symbols and 
8 OFDM tone-symbols. If a ZSR of 7/8 is used, some exem 
plary sub-segment sizes are 8 OFDM tone-symbols and 16 
OFDM tone-symbols. 
0197). In some embodiments, the non-zero modulation 
symbols of the first modulation symbol stream correspond to 
a first constellation and the non-Zero modulation symbols of 
the second modulation symbol stream correspond to a second 
constellation, the first and second constellations being differ 
ent. For example, the first constellation is, in some embodi 
ments a QPSK constellation, and the second constellation is 
one of a QAM16, QAM64, and QAM 256 constellation. 
0198 Operation proceeds from step 2210 to step 2204. 
where the base station repeats the operation, e.g., for another 
communications segment. 
0199. In various embodiments such as those discussed 
above with respect to FIGS. 4 and 16, the first modulation 
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symbol stream may include Zero and non-Zero modulation 
symbols used to communicate information corresponding to 
a first set of data at one or more selected Zero symbol rates. In 
Some embodiments the Zero symbol rate is selected on a per 
segment basis. In other embodiments the Zero symbol rate is 
selected on, e.g., a per Sub-segment basis, wherein a Sub 
segment may correspond to a portion of a communications 
segment, e.g., a downlink traffic segment. In some embodi 
ments a traffic channel segment is partitioned into sets of 
MTUs, each being a sub-segment of the partitioned traffic 
channel segment. In cases where the Sub-segment size is the 
same size as the traffic channel segment, the partitioning step 
may be skipped. In some embodiments, the partitioning is 
performed in a uniform manner with the number of MTUs in 
a segment being an integer multiple of the number of MTUs 
in a sub-segment, e.g., an integer multiple equal to or greater 
than 2 in many embodiments. In at least Some embodiments, 
the method involves including in at least a Sub-segment Zero 
modulation symbols and non-zero modulation symbols 
according to a ratio. The Zero modulation symbols and non 
Zero modulation symbols which are included according to 
said ratio corresponding to the first set of data, said ratio being 
a ratio of integers, NZ/Nss, said ratio indicating a fractional 
proportion of the number of Zero modulation symbols in the 
Sub-segment corresponding to the first set of data to the total 
number of minimum transmission units in said sub-segment. 
In some implementations said ratio NZ/Nss is one of 7/8, 3/4. 
5/8, 1/2, 3/8, 1/4 and 178. Such ratios are particularly well 
suited for use with QPSK coding. In various embodiments 
Sub-segment size for a Sub-segment is one of 2, 3, 4, 5, 6, 7, 
and 8, where sub-segment size refers to the number of MTUs 
in the Sub-segment. In various embodiments the Sub-segment 
size is an integer multiple of one of 2,3,4,5,6,7, and 8, where 
sub-segment size refers to the number of MTUs in the sub 
segment. Such sub-segment sizes are convenient for Support 
ing the Zero symbol ratios. In some implementations, the 
segment size is an integer multiple of the Sub-segment size, 
said integer multiple being at least 2, Such a relationship 
facilitates efficient utilization of the available MTUs in the 
segment and relatively easy portioning since the Sub-seg 
ments can be uniform in size. As discussed above, a combi 
nation of position and phase encoding can be used for com 
municating information bits being communicated by the 
symbol stream controlled to have one of the above described 
Zero symbol rates. Different Zero symbol rates can, and in 
some embodiments are, selected for use with different sub 
segments of the same segment. Various variations are pos 
sible beyond those described. 

0200. In various embodiments nodes described herein are 
implemented using one or more modules to perform the steps 
corresponding to one or more methods, for example, select 
ing a first user, selecting a first user coding and modulation 
scheme, selecting a second user, performing first user encod 
ing and modulation, performing second user coding, Super 
imposing generated modulation signals, etc. In some embodi 
ments various features are implemented using modules. 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, 
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e.g., in one or more nodes. Accordingly, among other things, 
various embodiments are directed to a machine-readable 
medium including machine executable instructions for caus 
ing a machine, e.g., processor and associated hardware, to 
perform one or more of the steps of the above-described 
method(s). 
0201 Numerous additional variations on the methods and 
apparatus described above will be apparent to those skilled in 
the artin view of the above description. Such variations are to 
be considered within Scope. The methods and apparatus of 
various embodiments may be, and in various embodiments 
are, used with CDMA, orthogonal frequency division multi 
plexing (OFDM), and/or various other types of communica 
tions techniques which may be used to provide wireless com 
munications 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 rou 
tines, for implementing the described methods. 
0202 The techniques of various embodiments may be 
implemented using Software, hardware and/or a combination 
of software and hardware. Various embodiments are directed 
to apparatus, e.g., mobile nodes Such as mobile terminals, 
base stations, communications system. It is also directed to 
methods, e.g., method of controlling and/or operating mobile 
nodes, base stations and/or communications systems, e.g., 
hosts. Various embodiments are also directed to machine 
readable medium, e.g., ROM, RAM, CDs, hard discs, etc., 
which include machine readable instructions for controlling a 
machine to implement one or more steps. 
0203. In various embodiments nodes described herein are 
implemented using one or more modules to perform the steps 
corresponding to one or more methods, for example, signal 
processing, message generation and/or transmission steps. 
Thus, in some embodiments various features are imple 
mented using modules. 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 instruc 
tions, 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, various embodiments are 
directed to a machine-readable 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). 
0204 While described in the context of an OFDM system, 
at least some of the methods and apparatus, are applicable to 
a wide range of communications systems including many 
non-OFDM and/or non-cellular systems. 
0205 Numerous additional variations on the methods and 
apparatus described above will be apparent to those skilled in 
the artin view of the above description. Such variations are to 
be considered within scope. The methods and apparatus may 
be, and in various embodiments are, used with CDMA, 
orthogonal frequency division multiplexing (OFDM), and/or 
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various other types of communications techniques which 
may be used to provide wireless communications links 
between access nodes and mobile nodes. In some embodi 
ments 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, per 
sonal data assistants (PDAs), or other portable devices includ 
ing receiver/transmitter circuits and logic and/or routines, for 
implementing the described methods. 

What is claimed is: 
1. A method of transmitting sets of data, the method com 

prising: 

transmitting in a transmission segment including a plural 
ity of minimum transmission units, a first set of data 
using at least some non-Zero modulation symbols and 
Some Zero modulation symbols, the first set of data being 
communicated by a combination of the position of non 
Zero modulation symbols within the first segment and at 
least one of phase and amplitude of the transmitted non 
Zero modulation symbols; and 

transmitting in said transmission segment a second set of 
data using modulation symbols transmitted on at least 
Some of said minimum transmission units used to trans 
mit said first set of data. 

2. The method of claim 1, wherein said minimum trans 
mission unit is an OFDM tone-symbol. 

3. The method of claim 1, further comprising: 
controlling the transmission power levels of non-Zero 

modulation symbols used to communicate said first set 
of data and modulation symbols used to communicate 
said second set of data to maintain a minimum power 
difference. 

4. The method of claim 3, wherein said minimum power 
difference is such that the non-zero modulation symbols used 
in communicating the first set of data are transmitted at a 
higher power level than non-zero modulation symbols used to 
communicate the second set of data. 

5. The method of claim 1, whereintransmitting a first set of 
data includes transmitting information at a first information 
bit per minimum transmission unit data rate; and 

wherein transmitting a second set of data includes trans 
mitting informationata second information bit permini 
mum transmission unit data rate, said second informa 
tion bit per minimum transmission unit data rate being 
different from the first information bit per minimum 
transmission unit data rate. 

6. The method of claim 5, wherein the second information 
bit per minimum transmission unit data rate is higher than 
said first information bit per minimum transmission unit data 
rate. 

7. The method of claim 5, further comprising, prior to said 
step of transmitting a first set of data: 

including in at least a portion of said segment non-zero 
modulation symbols and Zero modulation symbols 
according to a predetermined Zero symbol rate, said 
modulation symbols which are included according to 
said predetermined Zero symbol rate corresponding to 
the first set of data. 
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8. The method of claim 5, further comprising, prior to said 
step of transmitting a first set of data: 

including in at least a portion of said segment non-zero 
modulation symbols and Zero modulation symbols 
according to one of a plurality of ratios, said ratios 
indicating predetermined Zero symbol rates, said modu 
lation symbols which are included according to one of 
the plurality of ratios corresponding to the first set of 
data. 

9. The method of claim8, wherein said one of a plurality of 
ratios indicates a predetermined Zero symbol rate that is 
greater than or equal to 0.125 when the information bits per 
minimum transmission unit data rate used to transmit said 
first set of data is less than or equal to 1.5. 

10. The method of claim8, wherein if said one of a plurality 
ofratios is greater than or equal to 0.125, the information bits 
per minimum transmission unit data rate used to transmit said 
first set of data is less than or equal to 1.5; and 

wherein if said one of a plurality of ratios is greater than or 
equal to 0.25, the information bits per minimum trans 
mission unit data rate used to transmit said first set of 
data is less than or equal to 1. 

11. The method of claim 8, wherein said one of a plurality 
of ratios is greater than or equal to 0.5 when the information 
bits perminimum transmission unit data rate used to transmit 
said first set of data is less than or equal to 0.5. 

12. The method of claim 8, wherein said one of a plurality 
ofratios is greater than or equal to 0.75 when the information 
bits perminimum transmission unit data rate used to transmit 
said first set of data is less than or equal to /3. 

13. The method of claim 8, wherein said one of a plurality 
ofratios is greater than or equal to 0.875 when the information 
bits perminimum transmission unit data rate used to transmit 
said first set of data is less than or equal to "/6. 

14. The method of claim8, wherein said transmitting a first 
set of data includes using QPSK modulation to transmit non 
Zero symbol values. 

15. The method of claim8, wherein said transmitting a first 
set of data includes using QPSK modulation to transmit non 
Zero modulation symbol values; 

wherein if said one of a plurality of ratios is greater than or 
equal to 0.75, the information bits per minimum trans 
mission unit data rate used to transmit said first set of 
data is less than or equal to /3; and 

wherein if said one of a plurality of ratios is greater than or 
equal to 0.875, the information bits per minimum trans 
mission unit data rate used to transmit said first set of 
data is less than or equal to "/6. 

16. The method of claim 8, further comprising: 
partitioning, for use in transmitting said first set of data, 

said channel segment into a plurality of Sub-segments, 
said portion being one of said Sub-segments. 

17. The method of claim 16, wherein said segment is not 
partitioned for use in transmitting said second set of data. 

18. The method of claim8, further comprising, prior to said 
transmitting the first set of data: 

coding information bits included in said first set of data to 
generate coded information bits: 

determining the position of at least one non-zero symbol 
value in said portion based on the value of at least one of 
the coded information bits; and 
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determining at least one of the phase and amplitude of said 
non-zero modulation symbol based on the value of at 
least another one of the coded information bits. 

19. The method of claim 8, wherein said first set of data 
includes data having a first priority and data having a second 
priority, said second priority being lower than said first pri 
ority; 

wherein said high priority data is communicated through 
position encoding which includes at least said step of 
determining the position of at least one non-zero modu 
lation symbol value; and 

wherein said low priority data is communicated through 
phase encoding. 

20. The method of claim 1, further comprising, prior to said 
step of transmitting a first set of data: 

including in at least a Sub-segment of said segment Zero 
modulation symbols and non-Zero modulation symbols 
according to a ratio, said Zero modulation symbols and 
non-Zero modulation symbols which are included 
according to said ratio corresponding to the first set of 
data, said ratio being a ratio of positive integers, NZ/NSS, 
said ratio indicating a fractional proportion of the num 
ber of Zero modulation symbols in the Sub-segment cor 
responding to the first set of data to the total number of 
minimum transmission units in said Sub-segment. 

21. The method of claim 20, wherein said ratio NZ/Nss is 
one of 7/8, 3/4, 5/8, 1/2, 3/8, 1/4 and 178. 

22. The method of claim 20, wherein the sub-segment size 
is one of 2,3,4,5,6,7, and 8, said Sub-segment size indicating 
the number of minimum transmission units in the Sub-seg 
ment. 

23. The method of claim 20, wherein the sub-segment size 
is an integer multiple of one of 2, 3, 4, 5, 6, 7, and 8. 

24. The method of claim 20, wherein Nss is a multiple of 
two; and 

wherein NZ is an odd number. 
25. The method of claim 19, wherein the segment size is an 

integer multiple of a Sub-segment size, said integer multiple 
being at least 2, said Sub-segment size indicating the number 
of minimum transmission units in the Sub-segment. 

26. The method of claim 20, further comprising: 
including in another Sub-segment of said segment non-Zero 

modulation symbols and Zero modulation symbols 
according to a second ratio, said non-Zero modulation 
symbols and non-Zero modulation symbols which are 
included according to said second ratio corresponding to 
the first set of data, said second ratio being a second ratio 
of integers, NZ/Nss, said second ratio indicating a 
fractional proportion of the number of Zero modulation 
symbols in the second Sub-segment corresponding to the 
first set of data to the total number of minimum trans 
mission units in said second Sub-segment, the second 
ratio being different from the first ratio. 

27. The method of claim 1, wherein said segment is a 
downlink traffic channel segment, the method further com 
prising, prior to said steps of transmitting in a transmission 
segment a first set of data and transmitting in a transmission 
segment a second set of data: 

transmitting assignment information indicating a first 
wireless terminal to which said segment was assigned 
for use in receiving said first set of data and indicating a 
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second wireless terminal to which said segment was 
assigned for use in receiving the second set of data. 

28. The method of claim 27, wherein said first and second 
wireless terminals are different, and wherein said method 
further includes: 

selecting said first and second wireless terminals from a 
plurality of wireless terminals based on information 
indicative of channel condition quality between a trans 
mitter used to perform said transmitting steps and said 
first and second wireless terminals, wireless terminals 
having different channel quality conditions being 
Selected as said first and second wireless terminals. 

29. The method of claim 1, further comprising: 
combining at least some non-Zero modulation symbols 

corresponding to the first set of data with at least some 
non-Zero modulation symbols corresponding to the sec 
ond set of data prior to transmitting said first and second 
sets of data. 

30. The method of claim 29, wherein said step of combin 
ing includes punching at least Some non-zero modulation 
symbols corresponding to the second set of data with non 
Zero modulation symbols used to communicate data from 
said first set of data. 

31. A communications apparatus, the apparatus compris 
1ng: 

a first coding and modulation module for processing a first 
set of data to generate a first set of modulation symbols 
including information to be communicated in a trans 
mission segment including a plurality of minimum 
transmission units, the first set of modulation symbols 
including at least some non-zero modulation symbols 
and some Zero modulation symbols, the first set of data 
being communicated by a combination of the position of 
non-Zero modulation symbols within the first segment 
and at least one of phase and amplitude of the transmit 
ted non-Zero modulation symbols; 

a second coding and modulation module for processing a 
second set of data to generate a second set of modulation 
symbols to be transmitted on at least some of said mini 
mum transmission units used to transmit said first set of 
data; and 

a transmission module for transmitting modulation sym 
bols corresponding to said first segment generated by 
said first and second coding and modulation modules 
(406, 408). 

32. The apparatus of claim 31, wherein said minimum 
transmission unit is an OFDM tone-symbol. 

33. The apparatus of claim 31, further comprising: 
a power control module for controlling the transmission 

power levels of non-Zero modulation symbols used to 
communicate said first set of data and modulation sym 
bols used to communicate said second set of data to 
maintain a minimum power difference. 

34. The apparatus of claim 33, wherein said minimum 
power difference is such that the non-Zero modulation sym 
bols used in communicating the first set of data are transmit 
ted at a higher power level than non-Zero modulation symbols 
used to communicate the second set of data. 

35. The apparatus of claim 31, wherein said first coding and 
modulation module (406) generates the first set of modulation 
symbols having a first information bit perminimum transmis 
sion unit data rate; and 
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wherein said second data transmission module generates 
the second set of modulation symbols having a second 
information bit per minimum transmission unit data 
rate, said second information bit perminimum transmis 
sion unit data rate being different from the first informa 
tion bit per minimum transmission unit data rate. 

36. The apparatus of claim 35, wherein the second infor 
mation bit per minimum transmission unit data rate is higher 
than said first information bit per minimum transmission unit 
data rate. 

37. The apparatus of claim 35, wherein said first coding and 
modulation module includes a selection module for selecting 
a Zero symbol rate at which said first coding and modulation 
module is to operate, said selected Zero symbol rate being 
selected from a plurality of Zero symbol rate supported by 
said first coding and modulation module, said Zero symbol 
rate being a ratio of Zero modulation symbols to Zero modu 
lation symbols and non-Zero modulation symbols generated 
by said first coding and modulation module. 

38. The apparatus of claim 37, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 
0.125 when the information bits per minimum transmission 
unit data rate used to transmit said first set of data is less than 
or equal to 1.5. 

39. The apparatus of claim37, wherein if said selected Zero 
symbol rate is greater than or equal to 0.125, the information 
bits perminimum transmission unit data rate used to transmit 
said first set of data is less than or equal to 1.5; and 

wherein if the selected Zero symbol rate is greater than or 
equal to 0.25, the information bits per minimum trans 
mission unit data rate used to transmit said first set of 
data is less than or equal to 1. 

40. The apparatus of claim 37, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 0.5 
when the information bits per minimum transmission unit 
data rate used to transmit said first set of data is less than or 
equal to 0.5. 

41. The apparatus of claim 37, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 0.75 
when the information bits per minimum transmission unit 
data rate used to transmit said first set of data is less than or 
equal to /3. 

42. The apparatus of claim 37, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 
0.875 when the information bits per minimum transmission 
unit data rate used to transmit said first set of data is less than 
or equal to "/6. 

43. The apparatus of claim 37, wherein said first coding and 
modulation module includes: 

a QPSK modulator for performing modulation corre 
sponding to a first set of data. 

44. The apparatus of claim 37, wherein said modulation 
symbol combining module (410) combines a first set of non 
Zero QPSK modulation symbols; 

wherein if said Zero symbol rate is greater than or equal to 
0.75, the information bits per minimum transmission 
unit data rate used to transmit said first set of data is less 
than or equal to /3; and 

wherein is said Zero symbol rate is greater than or equal to 
0.875, the information bits per minimum transmission 
unit data rate used to transmit said first set of data is less 
than or equal to /6. 
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45. The apparatus of claim 37, further comprising: 
segment partitioning module, said channel segment into a 

plurality of Sub-segments for use in transmitting said 
first set of data, said portion being one of said Sub 
Segments. 

46. The apparatus of claim 37, wherein said segment is not 
partitioned for use in transmitting said second set of data. 

47. The apparatus of claim 45, further comprising, 
a first encoder for coding information bits included in said 

first set of data to generate coded information bits prior 
to said transmitting the first set of data; 

a position determination module for determining the posi 
tion of at least one non-Zero symbol value in said portion 
based on the value of at least one of the coded informa 
tion bits; and 

a phase determination module for determining the phase of 
said non-Zero modulation symbol based on the value of 
at least another one of the coded information bits. 

48. The apparatus of claim 37, wherein said first set of data 
includes data having a first priority and data having a second 
priority, said second priority being lower than said first pri 
ority; 

wherein said high priority data is communicated through 
position encoding which includes at least said step of 
determining the position of at least one non-Zero modu 
lation symbol value; and 

wherein said low priority data is communicated through 
phase encoding. 

49. The apparatus of claim 31, wherein said segment is a 
downlink traffic channel segment, the apparatus further com 
prising: 

an assignment transmission module for transmitting 
assignment information indicating a first wireless termi 
nal to which said segment was assigned for use in receiv 
ing said first set of data and indicating a second wireless 
terminal to which said segment was assigned for use in 
receiving the second set of data. 

50. The apparatus of claim 49, wherein said first and sec 
ond wireless terminals are different, said apparatus further 
comprising: 

first and second user selection modules for selecting said 
first and second wireless terminals from a plurality of 
wireless terminals based on information indicative of 
channel condition quality between a transmitter used to 
perform said transmitting steps and said first and second 
wireless terminals, wireless terminals having different 
channel quality conditions being selected as said first 
and second wireless terminals. 

51. The apparatus of claim 31, further comprising: 
a combining module for combining at least Some non-zero 

modulation symbols corresponding to the first set of data 
with at least Some non-Zero modulation symbols corre 
sponding to the second set of data prior to transmitting 
said first and second sets of data. 

52. The apparatus of claim 51, wherein said combining 
module includes a punch module for punching at least some 
non-Zero modulation symbols corresponding to the second 
set of data with non-Zero modulation symbols used to com 
municate data from said first set of data. 
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53. A communications apparatus, the apparatus compris 
ing: 

first coding and modulation means for processing a first set 
of data to generate a first set of modulation symbols 
including information to be communicated in a trans 
mission segment including a plurality of minimum 
transmission units, the first set of modulation symbols 
including at least Some non-zero modulation symbols 
and some Zero modulation symbols, the first set of data 
being communicated by a combination of the position of 
non-Zero modulation symbols within the first segment 
and at least one of phase and amplitude of the transmit 
ted non-Zero modulation symbols; 

second coding and modulation means for processing a 
second set of data to generate a second set of modulation 
symbols to be transmitted on at least some of said mini 
mum transmission units used to transmit said first set of 
data; and 

transmission means for transmitting modulation symbols 
corresponding to said first segment generated by said 
first and second coding and modulation means. 

54. The apparatus of claim 53, wherein said minimum 
transmission unit is an OFDM tone-symbol. 

55. The apparatus of claim 53, further comprising: 

means for controlling the transmission power levels of 
non-Zero modulation symbols used to communicate said 
first set of data and modulation symbols used to com 
municate said second set of data to maintain a minimum 
power difference. 

56. The apparatus of claim 55, wherein said minimum 
power difference is such that the non-Zero modulation sym 
bols used in communicating the first set of data are transmit 
ted at a higher power level than non-Zero modulation symbols 
used to communicate the second set of data. 

57. The apparatus of claim 53, wherein said first coding and 
modulation means includes means for coding and modulating 
information at a first information bit per minimum transmis 
sion unit data rate; and 

wherein said second coding and modulation means 
includes means for coding and modulating information 
at a second information bit per minimum transmission 
unit data rate, said second information bit per minimum 
transmission unit data rate being different from the first 
information bit per minimum transmission unit data 
rate. 

58. The apparatus of claim 57, wherein the second infor 
mation bit per minimum transmission unit data rate is higher 
than said first information bit per minimum transmission unit 
data rate. 

59. The apparatus of claim 57, wherein said first coding and 
modulation means includes a selection means for selecting a 
Zero symbol rate at which said first coding and modulation 
means is to operate, said selected Zero symbol rate being one 
of a plurality of Zero symbol rates supported by said first 
coding and modulation means, said Zero symbol rate being a 
ratio of Zero modulation symbols to Zero modulation symbols 
and non-Zero modulation symbols generated by said first 
coding and modulation means. 

60. The apparatus of claim 59, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 
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0.125 when the information bits per minimum transmission 
unit data rate used to transmit said first set of data is less than 
or equal to 1.5. 

61. The apparatus of claim 59, wherein if said Zero symbol 
rate is greater than or equal to 0.125, the information bits per 
minimum transmission unit data rate used to transmit said 
first set of data is less than or equal to 1.5; and 

wherein if the Zero symbol rate is greater than or equal to 
0.25, the information bits per minimum transmission 
unit data rate used to transmit said first set of data is less 
than or equal to 1. 

62. The apparatus of claim 59, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 0.5 
when the information bits per minimum transmission unit 
data rate used to transmit said first set of data is less than or 
equal to 0.5. 

63. The apparatus of claim 59, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 0.75 
when the information bits per minimum transmission unit 
data rate used to transmit said first set of data is less than or 
equal to /3. 

64. The apparatus of claim 59, wherein said selected Zero 
symbol rate is a Zero symbol rate greater than or equal to 
0.875 when the information bits per minimum transmission 
unit data rate used to transmit said first set of data is less than 
or equal to "/6. 

65. The apparatus of claim 59, wherein said first coding and 
modulation means includes means for performing QPSK 
modulation to generate non-zero symbol values. 

66. The apparatus of claim 59, wherein said first coding and 
modulation means includes means for using QPSK modula 
tion to generate non-Zero modulation symbol values; 

wherein if said selected Zero symbol rate is greater than or 
equal to 0.75, the information bits per minimum trans 
mission unit data rate used to transmit said first set of 
data is less than or equal to /3; and 

wherein if said selected Zero symbol rate is greater than or 
equal to 0.875, the information bits per minimum trans 
mission unit used to transmit said first set of data is less 
than or equal to /6. 

67. The apparatus of claim 59, further comprising: 
means for partitioning said channel segment into a plural 

ity of Sub-segments for use in transmitting said first set 
of data, said portion being one of said Sub-segments. 

68. The apparatus of claim 67, wherein said segment is not 
partitioned for use in transmitting said second set of data. 

69. The apparatus of claim 59, further comprising, 
means for coding information bits included in said first set 

of data to generate coded information bits prior to said 
transmitting the first set of data; 

means for determining the position of at least one non-zero 
symbol value in said portion based on the value of at 
least one of the coded information bits; and 

means for determining at least one of the phase and ampli 
tude of said non-zero modulation symbol based on the 
value of at least another one of the coded information 
bits. 

70. The apparatus of claim 69, wherein said first set of data 
includes data having a first priority and data having a second 
priority, said second priority being lower than said first pri 
ority; 
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wherein said high priority data is communicated through 
position encoding; and 

wherein said low priority data is communicated through 
phase encoding. 

71. The apparatus of claim 53, wherein said segment is a 
downlink traffic channel segment, the apparatus further com 
prising: 

means for transmitting assignment information indicating 
a first wireless terminal to which said segment was 
assigned for use in receiving said first set of data and 
indicating a second wireless terminal to which said seg 
ment was assigned for use in receiving the second set of 
data. 

72. The apparatus of claim 71, wherein said first and sec 
ond wireless terminals are different, said apparatus further 
comprising: 

means for selecting said first and second wireless terminals 
from a plurality of wireless terminals based on informa 
tion indicative of channel condition quality between a 
transmitter used to perform said transmitting steps and 
said first and second wireless terminals, wireless termi 
nals having different channel quality conditions being 
Selected as said first and second wireless terminals. 

73. The apparatus of claim 53, further comprising: 
means for combining at least some non-Zero modulation 

symbols corresponding to the first set of data with at 
least some non-Zero modulation symbols corresponding 
to the second set of data prior to transmitting said first 
and second sets of data. 

74. The apparatus of claim 73, wherein said means for 
combining includes means for punching at least some non 
Zero modulation symbols corresponding to the second set of 
data with non-Zero modulation symbols used to communicate 
data from said first set of data. 

75. A computer readable medium embodying instructions 
for controlling apparatus to perform a method of transmitting 
sets of data, the method comprising: 

transmitting in a transmission segment including a plural 
ity of minimum transmission units, a first set of data 
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using at least some non-zero modulation symbols and 
Some Zero modulation symbols, the first set of data being 
communicated by a combination of the position of non 
Zero modulation symbols within the first segment and at 
least one of phase and amplitude of the transmitted non 
Zero modulation symbols; and 

transmitting in said transmission segment a second set of 
data using modulation symbols transmitted on at least 
Some of said minimum transmission units used to trans 
mit said first set of data. 

76. The computer readable medium of claim 75, wherein 
said minimum transmission unit is an OFDM tone-symbol. 

77. The computer readable medium of claim 75, further 
embodying instruction for: 

controlling the transmission power levels of non-zero 
modulation symbols used to communicate said first set 
of data and modulation symbols used to communicate 
said second set of data to maintain a minimum power 
difference. 

78. The computer readable medium of claim 77, wherein 
said minimum power difference is such that the non-zero 
modulation symbols used in communicating the first set of 
data are transmitted at a higher power level than non-zero 
modulation symbols used to communicate the second set of 
data. 

79. The computer readable medium of claim 75, further 
embodying instructions for: 

transmitting information at a first information bit permini 
mum transmission unit data rate as part of said step of 
transmitting a first set of data; and 

transmitting information at a second information bit per 
minimum transmission unit data rate as part of said step 
of transmitting a second set of data, said second infor 
mation bit per minimum transmission unit data rate 
being different from the first information bit per mini 
mum transmission unit data rate. 
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