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1. 

METHODS AND APPARATUS ENABLING 
INCREASED THROUGHPUT ON THE 

REVERSE LINK 

CLAIM OF PRIORITY UNDER 35 U.S.C. S 120 

The present application for patent is a Continuation of, and 
claims priority to, patent application Ser. No. 10/389,656, 
entitled “Method and System for a Power Control in a Com 
munication System.” filed Mar. 13, 2003, now allowed, and 
assigned to the assignee hereof and hereby expressly incor 
porated by reference herein. 

BACKGROUND 

1. Field 
The present invention relates to communications in a wire 

line or a wireless communication system. More particularly, 
the present invention relates to a method and system for a data 
transmission in Such a communication system. 

2. Background 
Communication systems have been developed to allow 

transmission of information signals from an origination sta 
tion to a physically distinct destination station. In transmitting 
an information signal from the origination station over a 
communication channel, the information signal is first con 
verted into a form suitable for efficient transmission over the 
communication channel. Conversion, or modulation, of the 
information signal involves varying a parameter of a carrier 
wave in accordance with the information signal in Such away 
that the spectrum of the resulting modulated carrier wave is 
confined within the communication channel bandwidth. At 
the destination station, the original information signal is 
reconstructed from the modulated carrier wave received over 
the communication channel. In general. Such a reconstruction 
is achieved by using an inverse of the modulation process 
employed by the origination station. 

Modulation also facilitates multiple-access, i.e., simulta 
neous transmission and/or reception, of several signals over a 
common communication channel. Several multiple-access 
techniques are known in the art, such as time division mul 
tiple-access (TDMA), and frequency division multiple-ac 
cess (FDMA). Another type of a multiple-access technique is 
a code-division multiple-access (CDMA) spread spectrum 
system that conforms to the “TIA/EIA/IS-95 Mobile Station 
Base Station Compatibility Standard for Dual-Mode Wide 
Band Spread Spectrum Cellular System.”hereinafter referred 
to as the IS-95 standard. The use of CDMA techniques in a 
multiple-access communication system is disclosed in U.S. 
Pat. No. 4,901,307, entitled “SPREAD SPECTRUMMUL 
TIPLE-ACCESS COMMUNICATION SYSTEM USING 
SATELLITE OR TERRESTRIAL REPEATERS and U.S. 
Pat. No. 5,103,459, entitled “SYSTEM AND METHOD 
FOR GENERATING WAVEFORMS IN A CDMA CELLU 
LARTELEPHONE SYSTEM, both assigned to the present 
assignee. 
A multiple-access communication system may be wireless 

or wire-line and may carry voice traffic and/or data traffic. An 
example of a communication system carrying both Voice and 
data traffic is a system in accordance with the IS-95 standard, 
which specifies transmitting voice and data traffic over a 
communication channel. A method for transmitting data in 
code channel frames offixed size is described in detail in U.S. 
Pat. No. 5,504,773, entitled “METHOD AND APPARATUS 
FOR THE FORMATTING OF DATA FOR TRANSMIS 
SION', assigned to the present assignee. In accordance with 
the IS-95 standard, the data traffic or voice traffic is parti 
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2 
tioned into code channel frames that are 20 milliseconds wide 
with data rates as high as 14.4 Kbps. Additional examples of 
communication systems carrying both voice and data traffic 
comprise communication systems conforming to the "3rd 
Generation Partnership Project” (3GPP), embodied in a set of 
documents including Document Nos. 3G TS 25.211, 3GTS 
25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA 
standard), or “TR-45.5 Physical Layer Standard for 
cdma2000 Spread Spectrum Systems” (the IS-2000 stan 
dard). 
The term base station is an access network entity, with 

which subscriberstations communicate. With reference to the 
IS-856 standard, the base station is also referred to as an 
access point. Cell refers to the base station or a geographic 
coverage area served by a base station, depending on the 
context in which the term is used. A sector is a partition of a 
base station, serving a partition of a geographic area served by 
the base station. 
The term "subscriber station' is used herein to mean the 

entity with which an access network communicates. With 
reference to the IS-856 standard, the base station is also 
referred to as an access terminal. A Subscriber station may be 
mobile or stationary. A subscriber station may be any data 
device that communicates through a wireless channel or 
through a wired channel, for example fiber optic or coaxial 
cables. A subscriberstation may further be any of a number of 
types of devices including but not limited to PC card, compact 
flash, external or internal modem, or wireless or wireline 
phone. A subscriber station that is in the process of establish 
ing an active traffic channel connection with a base station is 
said to be in a connection setup state. A subscriber station that 
has established an active traffic channel connection with a 
base station is called an active Subscriber station, and is said 
to be in a traffic state. 
The term access network is a collection of at least one base 

station (BS) and one or more base stations controllers. The 
access network transports information signals between mul 
tiple subscriber stations. The access network may be further 
connected to additional networks outside the access network, 
Such as a corporate intranet or the Internet, and may transport 
information signals between each base station and Such out 
side networks. 

In the above-described multiple-access wireless commu 
nication system, communications between users are con 
ducted through one or more base stations. The term user refers 
to both animate and inanimate entities. A first user on one 
wireless Subscriberstation communicates to a second user on 
a second wireless Subscriber station by conveying informa 
tion signal on a reverse link to a base station. The base station 
receives the information signal and conveys the information 
signal on a forward link to the second subscriberstation. If the 
second subscriber station is not in the area served by the base 
station, the base station routes the data to another base station, 
in whose service area the second subscriberstation is located. 
The second base station then conveys the information signal 
on a forward link to the second subscriber station. The for 
ward link refers to transmissions from a base station to a 
wireless subscriber station and the reverse link refers to trans 
missions from a wireless Subscriber station to a base station. 
Likewise, the communication can be conducted between a 
first user on a wireless Subscriber station and a second user on 
a landline station. A base station receives the data from the 
first user on the wireless subscriber station on a reverse link, 
and routes the data through a public Switched telephone net 
work (PSTN) to the second user on a landline station. In many 
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communication systems, e.g., IS-95, W-CDMA, and 
IS-2000, the forward link and the reverse link are allocated 
separate frequencies. 

Study of voice traffic only services and data traffic only 
services revealed some substantial differences between the 
two types of services. One difference concerns delay in deliv 
ery of the information content. The voice traffic services 
impose stringent and fixed delay requirements. Typically, an 
overall one-way delay of a predetermined amount of Voice 
traffic information, referred to as a speech frame, must be less 
than 100 ms. In contrast, the overall one-way data traffic delay 
may be a variable parameter, used to optimize the efficiency 
of the data traffic services provided by the communication 
system. For example, multi-user diversity, delay of data trans 
mission until more favorable conditions, more efficient error 
correcting coding techniques, which require significantly 
larger delays than delays that can be tolerated by voice traffic 
services, and other techniques can be utilized. An exemplary 
efficient coding scheme for data is disclosed in U.S. Pat. No. 
5.933.462, issued Aug. 3, 1999 to Sindhushayana et., entitled 
SOFT DECISION OUTPUT DECODER FOR DECOD 
ING CONVOLUTIONALLY ENCODED CODEWORDS, 
filed Nov. 6, 1996, assigned to the present assignee. 

Another significant difference between voice traffic ser 
vices and data traffic services is that the former require a fixed 
and common grade of service (GOS) for all users. Typically, 
for digital communication systems providing Voice traffic 
services, this requirement translates into a fixed and equal 
transmission rate for all users and a maximum tolerable value 
for the error rates of speech frames. In contrast, the GOS for 
data services may be different from user to user, and may be 
a variable parameter, whose optimization increases the over 
all efficiency of the data traffic service providing communi 
cation system. The GOS of a data traffic service providing 
communication system is typically defined as the total delay 
incurred in the transfer of a predetermined amount of data 
traffic information may comprise, e.g., a data packet. The 
term packet is a group of bits, including data (payload) and 
control elements, arranged into a specific format. The control 
elements comprise, e.g., a preamble, a quality metric, and 
others known to one skilled in the art. Quality metric com 
prises, e.g., a cyclic redundancy check (CRC), a parity bit, 
and others known to one skilled in the art. 

Yet, another significant difference between voice traffic 
services and data traffic services is that the former requires a 
reliable communication link. Whena subscriberstation, com 
municating Voice traffic with a first base station, moves to the 
edge of the cell served by the first base station, the subscriber 
station enters a region of overlap with another cell served by 
a second base station. The Subscriber station in Such a region 
establishes a voice traffic communication with the second 
base station while maintaining a voice traffic communication 
with the first base station. During Such a simultaneous com 
munication, the Subscriber station receives a signal carrying 
identical information from two base stations. Likewise, both 
of the base stations also receive signals carrying information 
from the subscriber station. 

Such a simultaneous communication is termed soft hand 
off. When the subscriber station eventually leaves the cell 
served by the first base station, and breaks the voice traffic 
communication with the first base station, the subscriber sta 
tion continues the Voice traffic communication with the sec 
ond base station. Because soft hand-off is a “make before 
break' mechanism, the soft-handoff minimizes the probabil 
ity of dropped calls. A method and system for providing a 
communication with a subscriber station through more than 
one base station during the soft hand-off process are disclosed 
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4 
in U.S. Pat. No. 5,267,261, entitled “MOBILE ASSISTED 
SOFT HAND-OFF IN A CDMA CELLULAR TELE 
PHONE SYSTEM,” assigned to the present assignee. 

Softer hand-off is a similar process whereby the commu 
nication occurs over at least two sectors of a multi-sector base 
station. The process of softer hand-off is described in detail in 
U.S. Pat. No. 5,933,787, issued Aug. 3, 1999 to Gilhousen et 
al., entitled “METHOD AND APPARATUS FOR PER 
FORMING HAND-OFF BETWEEN SECTORS OF A 
COMMON BASE STATION', filed Dec. 11, 1996, assigned 
to the present assignee. Thus, both soft and softer hand-off for 
Voice services result in redundant transmissions from two or 
more base stations to improve reliability. 

This additional reliability is not so important for data traffic 
communications because the data packets received in error 
can be retransmitted. Important parameters for data services 
are transmission delay required to transfer a data packet and 
the average throughput of the data traffic communication 
system. The transmission delay does not have the same 
impact in data communication as in Voice communication, 
but the transmission delay is an important metric for measur 
ing the quality of the data communication system. The aver 
age throughput rate is a measure of the efficiency of the data 
transmission capability of the communication system. 
Because of relaxed transmission delay requirement, the trans 
mit power and resources used to support Soft hand-off on the 
forward link can be used for transmission of additional data, 
thus, increasing average throughput rate by increasing effi 
ciency. 
The situation is different on the reverse link. Several base 

stations can receive the signal transmitted by a subscriber 
station. Because re-transmission of packets from a subscriber 
station requires additional power from a power limited Source 
(a battery), it may be efficient to support soft hand-off on the 
reverse link by allocating resources at several base stations to 
receive and process the data packets transmitted from the 
subscriberstation. Such autilization of soft-handoff increases 
both coverage and reverse link capacity as discussed in a 
paper by Andrew J. Viterbi and Klein S. Gilhousen: “Soft 
Handoff Extends CDMA coverage and Increases Reverse 
Link Capacity.” IEEE Journal on Selected Areas in Commu 
nications, Vol. 12, No. 8, Oct. 1994. The term soft hand-off is 
a communication between a Subscriber station and two or 
more sectors, wherein each sector belongs to a different cell. 
In the context of the IS-95 standard, the reverse link commu 
nication is received by both sectors, and the forward link 
communication is simultaneously carried on the two or more 
sectors forward links. In the context of the IS-856 standard, 
data transmission on the forward link is non-simultaneously 
carried out between one of the two or more sectors and the 
access terminal. Additionally, softer handoff may be used for 
this purpose. The term softer hand-off is a communication 
between a subscriberstation and two or more sectors, wherein 
each sector belongs to the same cell. In the context of the 
IS-95 standard, the reverse link communication is received by 
both sectors, and the forward link communication is simulta 
neously carried on one of the two or more sectors forward 
links. In the context of the IS-856 standard, data transmission 
on the forward link is non-simultaneously carried out 
between one of the two or more sectors and the access termi 
nal. 

It is well known that quality and effectiveness of data 
transfer in a wireless communication system is dependent on 
the condition of a communication channel between a source 
terminal and a destination terminal. Such a condition, 
expressed as, for example, a signal-to-interference-and 
noise-ratio (SINR), is affected by several factors, e.g., a path 
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loss and the path loss variation of a subscriber station within 
a coverage area of a base station, interference from other 
subscriber stations both from the same-cell and from other 
cell, interference from other base stations, and other factors 
know to one of ordinary skill in the art. In order to maintain a 
certain level of service under variable conditions of the com 
munication channel, TDMA and FDMA systems resort to 
separating users by different frequencies and/or time-slots 
and Support frequency reuse to mitigate the interference. Fre 
quency reuse divides an available spectrum into many sets of 
frequencies. A given cell uses frequencies from only one set; 
the cells immediately adjacent to this cell may not use a 
frequency from the same set. In a CDMA system, the identi 
cal frequency is reused in every cell of the communication 
system, thereby improving the overall efficiency. The inter 
ference is mitigated by other techniques, e.g., orthogonal 
coding, transmission power control, variable rate data, and 
other techniques known to one of ordinary skill in the art. 
The above-mentioned concepts were utilized in a develop 

ment of a data traffic only communication system known as 
the High Data Rate (HDR) communication system. Such a 
communication system is disclosed in detail in U.S. Pat. No. 
6,574,211, issued Jun. 3, 2003, to Padovani et al., entitled 
METHOD AND APPARATUS FOR HIGH RATE 
PACKET DATA TRANSMISSION, filed Nov. 3, 1997, 
assigned to the present assignee. The HDR communication 
system was standardized as a TIA/EIA/IS-856 industry stan 
dard hereinafter referred to as the IS-856 standard. 
The IS-856 standard defines a set of data rates, ranging 

from 38.4 kbps to 2.4 Mbps, at which an access point (AP) 
may send data to a subscriber station (access terminal). 
Because the access point is analogous to a base station, the 
terminology with respect to cells and sectors is the same as 
with respect to voice systems. In accordance with the IS-856 
standard, the data to be transmitted over the forward link are 
partitioned into data packets, with each data packet being 
transmitted over one or more intervals (time-slots), into 
which the forward link is divided. At each time-slot, data 
transmission occurs from an access point to one and only one 
access terminal, located within the coverage area of the access 
point, at the maximum data rate that can be supported by the 
forward link and the communication system. The access ter 
minal is selected in accordance with forward link conditions 
between the access point and an access terminal. The forward 
link conditions depend on interference and path loss between 
an access point and an access terminal, both of which are 
time-variant. The path loss and the variation of the path loss 
are exploited by Scheduling the access points transmissions 
at time intervals, during which the access terminals forward 
link conditions to a particular access point satisfy determined 
criteria that allow for transmissions with less power or higher 
rate of data than transmissions to the remaining access termi 
nals, thus improving spectral efficiency of forward link trans 
missions. 

In contrast, according to the IS-856 standard, data trans 
missions on the reverse link occur from multiple access ter 
minals located within a coverage area of an access point. 
Furthermore, because the access terminals antenna patterns 
are omni-directional, any access terminal within the coverage 
area of the access point may receive these data transmissions. 
Consequently, the reverse link transmissions are subjected to 
several sources of interference: code-division multiplexed 
overhead channels of other access terminals, data transmis 
sions from access terminals located in the coverage area of the 
access point (same-cell access terminals), and data transmis 
sions from access terminals located in the coverage area of 
other access points (other-cell access terminals). Multiplex or 
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6 
multiplexing in general means communicating multiple data 
streams over one communication channel. 
With the development of wireless data services, the empha 

sis has been on increasing data throughput on the forward 
link, following the model of Internet services; where a server 
provides a high rate data in response to requests from a host. 
The server-to-host direction is akinto a forward link requiring 
a high throughput, while the host-to-server requests and/or 
data transfers are at lower throughput. However, present 
developments indicate a growth of reverse link data intense 
applications, e.g., file transfer protocol (FTP), video confer 
encing, gaming and other constant rate of data services. Such 
applications require improved efficiency of the reverse link to 
achieve higher data rates, so that applications demanding 
high throughput over reverse link. Therefore, there is a need 
in the art to increase data throughput on the reverse link, 
ideally to provide symmetric forward and reverse links 
throughputs. 

Embodiments of an inventive reverse link transmission 
method and apparatus are disclosed in a co-pending applica 
tion Ser. Nos. 10/313,553 and 10/313,594, entitled 
METHODANDAPPARATUS FORADATA TRANSMIS 
SION OVERA REVERSE LINKIN A COMMUNICATION 
SYSTEM filed Dec. 6, 2002, assigned to the assignee of the 
present invention. The inventive reverse link transmission 
method and apparatus may not be fully applicable to already 
built (legacy) communication systems due to link-budget 
considerations, as explained in detail below. Consequently, 
introduction of the inventive reverse link transmission 
method and apparatus of the application Ser. Nos.10/313,553 
and 10/313,594, to legacy communication systems presents 
issues related to above-mentioned link-budget consider 
ations, and coexistence of subscriber stations capable of 
receiving the inventive reverse link (new subscriber stations) 
and subscriber stations capable of receiving only the IS-856 
reverse link (legacy Subscriber stations). Additionally, the 
inventive reverse link transmission method and apparatus 
further create need in the art for method and apparatus for a 
power control and a rate of data determination. 

Therefore, there is a need in the art to for an apparatus and 
method enabling increased data throughput on the reverse 
link taking into consideration the above-described issues. 

SUMMARY OF INVENTION 

In one aspect of the invention, the above stated needs for a 
power control of a channel are addressed by determining a 
transmit power of a first channel; determining a quality of 
service (QoS) to be provided on the channel; determining a 
transmit power ratio of the channel to the first channel for a 
data rate to be transmitted on the channel in accordance with 
the QoS. adjusting the transmit power ratio in accordance 
with a quality metric of the channel; and computing the chan 
nel transmit power in accordance with the adjusted transmit 
power ratio. 

In another aspect of the invention, the above stated needs 
for a set point determination are addressed by determining the 
quality metric of the second channel; detecting presence of 
user data in the third channel; decoding user data if presence 
of user data in the third channel was detected; and determin 
ing the set point in accordance with the quality metric and a 
result of the detecting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates conceptual block diagram of a commu 
nication system capable of operation in accordance with 
embodiments of the present invention: 
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FIG. 2 illustrates an embodiment of a forward link wave 
form of the present invention; 

FIG. 3 illustrates a method of communicating power con 
trol commands and packet grant commands over a reverse 
power control channel; 

FIGS. 4a-4d illustrate an embodiment of a reverse link 
waveform; 

FIGS. 5a-5c illustrate an embodiment of a reverse link 
channels architecture; 

FIGS. 6a-c illustrate conceptual block diagram of an 
OFDM communication system; 

FIG. 7 illustrates an embodiment of a reverse link data 
transmission; 

FIG. 8 illustrates an embodiment of a reverse link data 
re-transmission; 

FIG. 9 illustrates access terminal; and 
FIG. 10 illustrates access point. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a conceptual diagram of a communication 
system. Such a communication system can be built in accor 
dance with the IS-856 standard. An access point 100 transmits 
data to an access terminal 104 over a forward link 106(1), and 
receives data from the access terminal 104 over a reverse link 
108(1). Similarly, an access point 102 transmits data to the 
access terminal 104 over a forward link 106(2), and receives 
data from the access terminal 104 over a reverse link 108(2). 
Data transmission on the forward link occurs from one access 
point to one access terminal at or near the maximum data rate 
that can be supported by the forward link and the communi 
cation system. Additional channels of the forward link, e.g., 
control channel, may be transmitted from multiple access 
points to one access terminal. Reverse link data communica 
tion may occur from one access terminal to one or more 
access points. The access point 100 and the access point 102 
are connected to an access network controller 110 overback 
hauls 112(1) and 112(2). A “backhaul’ is a communication 
link between a controller and an access point. Although only 
one access terminal and two access points are shown in FIG. 
1, this is for the sake of explanation only, and the communi 
cation system can comprise a plurality of access terminals 
and access points. 

After registration, which allows an access terminal to 
access an access network, the access terminal 104 and one of 
the access points, e.g., the access point 100, establish a 
communication link using a predetermined access procedure. 
In the connected State, resulting from the predetermined 
access procedure, the access terminal 104 is able to receive 
data and control messages from the access point 100, and is 
able to transmit data and control messages to the access point 
100. The access terminal 104 continually searches for other 
access points that could be added to the access terminals 104 
active set. An active set comprises a list of access points 
capable of communication with the access terminal 104. 
When such an access point is found, the access terminal 104 
calculates a quality metric of the access points forward link, 
which may comprise a signal-to-interference-and-noise ratio 
(SINR). An SINR may be determined in accordance with a 
pilot signal. The access terminal 104 searches for other access 
points and determines access points SINR. Simultaneously, 
the access terminal 104 calculates a quality metric of a for 
ward link for each access point in the access terminal's 104 
active set. If the forward link quality metric from a particular 
access point is above a predetermined add threshold or below 
a predetermined drop threshold for a predetermined period of 
time, the access terminal 104 reports this information to the 
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8 
access point 100. Subsequent messages from the access point 
100 may direct the access terminal 104 to add to or to delete 
from the access terminal 104 active set the particular access 
point. 
The access terminal 104 selects a serving access point from 

the access terminal's 104 active set based on a set of param 
eters. A serving access point is an access point that is selected 
for data communication a particular access terminal or an 
access point that is communicating data to the particular 
access terminal. The set of parameters may comprise any one 
or more of present and previous SINR measurements, a bit 
error-rate, a packet-error-rate, for example, and any other 
known parameters. Thus, for example, the serving access 
point may be selected in accordance with the largest SINR 
measurement. The access terminal 104 then broadcasts a data 
request message (DRC message) on a data request channel 
(DRC channel). The DRC message can contain a requested 
data rate or, alternatively, an indication of a quality of the 
forward link, e.g., measured SINR, a bit-error-rate, a packet 
error-rate and the like. The access terminal 104 may direct the 
broadcast of the DRC message to a specific access point by 
the use of a code, which uniquely identifies the specific access 
point. Typically, the code comprises a Walsh code. The DRC 
message symbols are exclusively OR'ed (XOR) with the 
unique code. This XOR operation is referred to as code cov 
ering of a signal. Since each access point in the active set of 
the access terminal 104 is identified by a unique Walsh code, 
only the selected access point which performs the identical 
XOR operation as that performed by the access terminal 104 
with the correct Walsh code can correctly decode the DRC 
message. 
The data to be transmitted to the access terminal 104 arrive 

at the access network controller 110. Thereafter, the access 
network controller 110 may send the data to all access points 
in the access terminal 104 active set over the backhaul 112. 
Alternatively, the access network controller 110 may first 
determine, which access point was selected by the access 
terminal 104 as the serving access point, and then send the 
data to the serving access point. The data are stored in a queue 
at the access point(s). A paging message is then sent by one or 
more access points to the access terminal 104 on respective 
control channels. The access terminal 104 demodulates and 
decodes the signals on one or more control channels to obtain 
the paging messages. 

At each forward link interval, the access point may sched 
ule data transmissions to any of the access terminals that 
received the paging message. An exemplary method for 
scheduling transmission is described in U.S. Pat. No. 6,229. 
795, entitled “System for allocating resources in a communi 
cation system, assigned to the present assignee. The access 
point uses the rate control information received in the DRC 
message from each access terminal to efficiently transmit 
forward link data at the highest possible rate. Because the rate 
of data may vary, the communication system operates in a 
variable rate mode. The access point determines the data rate 
at which to transmit the data to the access terminal 104 based 
on the most recent value of the DRC message received from 
the access terminal 104. Additionally, the access point 
uniquely identifies a transmission to the access terminal 104 
by using a spreading code, which is unique to that mobile 
station. This spreading code is along pseudo noise (PN) code, 
for example a spreading code defined by the IS-856 standard. 
The access terminal 104, for which the data packet is 

intended, receives and decodes the data packet. Each data 
packet is associated with an identifier, e.g. a sequence num 
ber, which is used by the access terminal 104 to detect either 
missed or duplicate transmissions. In such an event, the 
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access terminal 104 communicates the sequence numbers of 
the missing data packets via the reverse link data channel. The 
access network controller 110, which receives the data mes 
sages from the access terminal 104 via the access point com 
municating with the access terminal 104, then indicates to the 
access point what data units were not received by the access 
terminal 104. The access point then schedules a re-transmis 
sion of such data packets. 
When the communication link between the access terminal 

104 and the access point 100, operating in the variable rate 
mode, deteriorates below a predetermined reliability level, 
the access terminal 104 first attempts to determine whether 
another access point in the variable rate mode can Supportan 
acceptable rate of data. If the access terminal 104 ascertains 
Such an access point (e.g., the access point 102), a re-pointing 
to the access point 102 to a different communication link 
occurs. The term re-pointing is a selection of a sector that is a 
member of an access terminals’ active list, wherein the sector 
is different than a currently selected sector. The data trans 
missions continue from the access point 102 in the variable 
rate mode. 
The above-mentioned deterioration of the communication 

link can be caused by, e.g., the access terminal 104 moving 
from a coverage area of the access point 100 to the coverage 
area of the access point 102, shadowing, fading, and other 
well known reasons. Alternatively, when a communication 
link between the access terminal 104 and another access point 
(e.g., the access point 102) that may achieve a higher through 
put rate than the currently used communication link becomes 
available, a re-pointing to the access point 102 to a different 
communication link occurs, and the data transmissions con 
tinue from the access point 102 in the variable rate mode. If 
the access terminal 104 fails to detect an access point that can 
operate in the variable rate mode and Support an acceptable 
data rate, the access terminal 104 transitions into a fixed rate 
mode. In such a mode, access terminal transmits at one rate. 
The access terminal 104 evaluates the communication 

links with all candidate access points for both variable rate 
data and fixed rate data modes, and selects the access point, 
which yields the highest throughput. 

The access terminal 104 will switch from the fixed rate 
mode back to the variable rate mode if the sector is no longer 
a member of the access terminal 104 active set. 
The above-described fixed rate mode and associated meth 

ods for transition to and from the fixed rate data mode are 
similar to those disclosed in detail in U.S. Application No. 
6,205,129, entitled “METHOD AND APPARATUS FOR 
VARIABLE AND FIXED FORWARD LINK RATE CON 
TROL IN A MOBILE RADIO COMMUNICATION SYS 
TEM”, assigned to the present assignee. Other fixed rate 
modes and associated methods for transition to and from the 
fixed mode can also be contemplated and are within the scope 
of the present invention. 

Forward Link Structure 

FIG. 2 illustrates a forward link structure 200. It will be 
appreciated that the below described time durations, chip 
lengths, value ranges are given in a way of example only, and 
other time durations, chip lengths, value ranges may be used 
without departing from the underlying principles of operation 
of the communication system. The term "chip' is a unit of a 
code spreading signal having two possible values. 
The forward link 200 is defined interms of frames. A frame 

is a structure comprising 16 time-slots 202, each time-slot 
202 being 2048 chips long, corresponding to a 1.66 ms. 
time-slot duration, and, consequently, a 26.66 ms. frame 
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10 
duration. Each time-slot 202 is divided into two half-time 
slots 202a, 202b, with pilot bursts 204a, 204b transmitted 
within each half-time-slot 202a, 202b. Each pilot burst 204a, 
204b is 96 chips long, centered about a mid-point of its 
associated half-time-slot 202a, 202b. The pilot bursts 204a, 
204b comprise a pilot channel signal covered by a code, e.g., 
a Walsh code with index 0. A forward medium access control 
channel (MAC) 206 forms two bursts, which are transmitted 
immediately before and immediately after the pilot burst 204 
of each half-time-slot 202. The MAC is composed of up to 64 
code channels, which are orthogonally covered by 64-ary 
code, e.g., Walsh code. Each code channel is identified by a 
MAC index, which has a value between 1 and 64, and iden 
tifies a unique 64-ary covering Walsh code. A reverse power 
control channel (RPC) is used to regulate the power of the 
reverse link signals for each subscriber station. The RPC is 
assigned to one of the available MACs, e.g., MAC with MAC 
index between 5 and 63. A Reverse Activity (RA) Channel is 
used to regulate the reverse link rate of data for each sub 
scriber station by transmitting a reverse link activity bit 
(RAB) stream. The RA channel is assigned to one of the 
available MACs, e.g., MAC index 4. The forward link traffic 
channel or the control channel payload is sent in the remain 
ing portions 208a of the first half-time-slot 202a and the 
remaining portions 208b of the second half-time-slot 202b. 
The traffic channel carries user data, while the control channel 
carries control messages, and may also carry user data. The 
control channel is transmitted with a cycle defined as a 256 
slot period at a data rate of 76.8 kbps or 38.4 kbps. The term 
user data, also referred to as traffic, is information other than 
overhead data. The term overhead data is information 
enabling operation of entities in a communication system, 
e.g., call maintenance signaling, diagnostic and reporting 
information, and the like. 

Packed Grant Channels and Automatic 
Retransmission request 

As discussed, the communication system may need to Sup 
port both access terminals operating the reverse link in accor 
dance with the IS-856 standard—legacy access terminals, 
and access terminals operating the reverse link in accordance 
with the described concept—new access terminals. To Sup 
port Such an operation, an additional channel, a packet grant 
(PG) channel, is needed on the forward link. The PG channel 
may be provided by changing modulation of one of the above 
mentioned MAC channels, e.g., the RPC channel, from 
binary phase-shift keying (BPSK) to a quadrature-phase shift 
keying (QPSK). When a second portion of a reverse link 
interval is dedicated to only one access terminal (see below), 
only one PG channel, a primary PG channel, is needed. 
The power control commands are modulated on the in 

phase branch of the RPC channel assigned to an access ter 
minal. The power control command information is binary, 
wherein a first value of a power control bit (“up') commands 
the access terminal to increase the access terminals transmit 
power by a first determined amount and a second value of a 
power control bit (“down”) commands the access terminal to 
decrease the access terminals transmit power by a second 
determined amount. As illustrated in FIG. 3, the “up' com 
mand is represented as +1; the "down” command is repre 
sented as -1. However, other values may be used. 
The primary PG channel is communicated over the quadra 

ture branch of the RPC channel assigned to the access termi 
nal. Information transmitted on the primary PG channel is 
ternary. As illustrated in FIG. 3, the first value is represented 
as +1, the second value is represented as 0, and the third value 
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is represented as -1. The information has the following mean 
ing to both the access point and the access terminal: 

+1 means that permission to transmit a new packet has been 
granted; 

0 means that permission to transmit a packet has not been 
granted; and 

-1 means that permission to transmit a previously trans 
mitted packet (re-transmission) has been granted. 
The above described signaling, in which transmission of 

information value 0 requires no signal energy, allows the 
access point to assign energy to the primary PG channel only 
when transmitting an indication to transmit a packet. Because 
only one or a small number of access terminals are granted 
permission to transmit on the reverse link in a time interval, 
the primary PG channel requires very little power in order to 
provide reverse link transmission information. Consequently, 
sufficient power can be allocated to the primary PG channel to 
ensure reliable reception of the primary PG channel at the 
Access Terminals without undue disturbance of power allo 
cation. Consequently, impact on the RPC power allocation 
method is minimized. The RPC power allocation method is 
disclosed, e.g., in co-pending U.S. patent application Ser. No. 
09/669,950, entitled “Methods and apparatus for allocation of 
power to base station channels', filed Sep. 25, 2000 and 
co-pending U.S. patent application Ser. No. 10/263,976, 
entitled “Power Allocation for Power Control Bits in a Cel 
lular Network’, filed Oct. 2, 2002, both assigned to the 
present assignee. Furthermore, the access terminal is required 
to perform a ternary decision on the quadrature stream only 
when the access terminal is expecting a response, following a 
data transmit request, or when the access terminal has a 
pending data transmission. However, it will be appreciated 
that the choice of the ternary values is a design choice, and 
values, other than the ones described may be used instead. 
The access terminal receives and demodulates the RPC/ 

primary PG channel from all access points in the access 
terminals active set. Consequently, the access terminal 
receives the primary PG channel information conveyed over 
the quadrature branch of the RPC/primary PG channel for 
every access point in the access terminals active set. The 
access terminal may filter the energy of the received primary 
PG channel information over one update interval, and com 
pare the filtered energy against a set of thresholds. By appro 
priate choice of the thresholds, the access terminals that have 
not been granted permission for transmission, decode the 
primary PG channel value as 0 with high probability. 
The information conveyed over the primary PG channel is 

further used as a means for Automatic Re-transmission 
reCuest. 
When the reverse link transmission of a packet from an 

access terminal is being received only by a serving access 
point, the serving access point generates and transmits per 
mission to transmit a new packet as a response to an access 
terminals request to transmit a packet when the previous 
packet from the access terminal was received correctly. In this 
case, Such information on the primary PG channel serves as 
an acknowledgement (ACK). The serving access point gen 
erates and transmits permission to re-transmit the previous 
packet as a response to the access terminals request to trans 
mit a packet if the previous packet from the access terminal 
was received incorrectly. Such information on the primary PG 
channel serves as a negative-acknowledgement (NACK). 
Therefore, no separate ACK/NACK channel is necessary. 

Alternatively, the reverse link transmission of a packet 
from an access terminal may be received at plurality of access 
points. 
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12 
When a non-serving access point receives and decodes the 

reverse link from the transmitting access terminal, the non 
serving access point provides information whether or not the 
user data were Successfully decoded to the serving access 
point. The serving access point then sends an ACK/NACK to 
the access terminal on the primary PG channel. 

Alternatively, the access point(s) that received the payload 
information sends the payload information to centralized 
entity to perform Soft-decision decoding. The centralized 
entity then notifies the serving access point whether the pay 
load decoding was successful. The serving access point then 
sends an ACK/NACK to the access terminal on the primary 
PG channel. 

Alternatively, upon decoding the reverse link, the non 
serving access point may autonomously send an ACK/NACK 
to the access terminal on the primary PG channel. It is, there 
fore, possible that an access terminal receives conflicting 
information on the primary PG channel, e.g., because some 
access points failed to correctly receive the access terminals 
transmission, because the information on the primary PG 
channel was erased or incorrectly received, or for other 
known reasons. Consequently, the information transmitted in 
response to the reverse link transmission over the primary PG 
channel is interpreted differently when transmitted by a serv 
ing or non-serving access point. Because, from the access 
network perspective it does not matter, which access point 
received the access terminals transmission, when the access 
terminal receives information on the primary PG channel 
interpreted as an ACK from any access point, it transmits a 
new packet at the next transmission grant, although the serv 
ing access terminal may have sent a permission to re-transmit 
a previously transmitted packet. 

Because the access terminal makes a ternary decision on a 
primary PG channel received from a serving access point and 
a binary decision on a primary PG channel received from an 
access point, the access terminal may use different thresholds 
for the ternary decisions and the binary decision. 
When a second portion of a reverse link interval is dedi 

cated to only one access terminal (see below), the above 
described PG channel provides satisfactory information. 
However, when the second portion of the reverse link interval 
is dedicated to multiple access terminals, additional informa 
tion, namely, which of the access terminals that received a 
permission to transmit is to transmit in which sub-division of 
the second portion of the reverse link interval. Such informa 
tion may be provided on a supplemental PG channel. 
A structure of the supplemental PG channel is exactly the 

same as the above-described PG channel, except the supple 
mental PG channel has a different MAC index. Referring 
back to FIG. 3, the supplemental PG channel information is 
communicated over the both the in-phase and the quadrature 
branch. The information is interpreted together with the infor 
mation acquired from the PG channel as follows: 
when the PG channel informs the access terminal that 

permission to transmit a packet has not been granted, the 
Supplemental PG channel information is ignored; 

when the PG channel informs the access terminal that that 
permission to transmit a new packet or the permission to 
transmit a previously transmitted packet (re-transmis 
sion) has been granted, then: 
0 means that the access terminal is to use the entire 

second portion of the reverse link interval: 
any of the remaining four values identifies one of four 

sub-divisions of the second portion of the reverse link 
interval. 

Therefore, the above-described signaling can Support four 
sub-divisions of the second portion of the reverse link inter 
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val. Should more sub-divisions be required, an additional 
supplemental PG channels may be added. 
The PG channels, i.e., the MAC indexes, may be assigned 

to an access terminal upon the access terminals accessing the 
communication system. Alternatively, the PG channel may be 
assigned to the access terminal, and the Supplemental PG 
channels may be determined by the access terminal from the 
MAC index of the PG channel, e.g., by adding a determined 
offset to the PG channel. 

Reverse Activity Channel 

As described, above, a communication system in accor 
dance with IS-856 standard uses a Reverse Activity Channel 
to regulate the reverse link rate of data for each subscriber 
station by transmitting a reverse link activity bit (RAB) 
stream. This Reverse Activity Channel is sufficient if only 
new terminals, transmitting in intervals designated for 
TDMA, are operating in the communication system. How 
ever, to Support both legacy access terminals, and new access 
terminals transmitting in intervals designated for TDMA, an 
additional channel is needed on the forward link. 

To support the reverse link rate of data for new access 
terminals transmitting in intervals designated for TDMA may 
require that the Reverse Activity Channel Supports transmis 
sion of a value, regulating the rate of data, requiring more than 
one bit. Because it may be desirable not to change design of 
the forward link unduly, the additional Reverse Activity 
Channel may have the same structure as the legacy Reverse 
Activity Channel, but would be assigned a different MAC 
index. Because such a Reverse Activity Channel supports 
transmission of one bit only, the multi-bit value may be trans 
mitted over several transmission instances of the Reverse 
Activity Channel. 
The above-described forward link 200 is a modification of 

a forward link of a communication system in accordance with 
IS-856 standard. The modification is believed to have the least 
impact on the forward link structure, and consequently 
requires the least changes to the IS-856 standard. However, it 
will be appreciated that the teaching is applicable to different 
forward link structures. Thus, for example, the above-de 
scribed forward link channels may be transmitted not sequen 
tially but simultaneously. Additionally, any forward link 
structure, enabling communication of information provided 
in the PG, Supplemental PG, and RA channel, e.g., a separate 
PG and ACK/NACK code channels, a new RA channel dif 
ferent from the legacy RA channel, may be used instead. 

Reverse Link 

As discussed above, quality and effectiveness of a data 
transfer is dependent on conditions of the channel between a 
Source terminal and a destination terminal. Channel condi 
tions depend on interference and path loss, both of which are 
time-variant. Therefore, the reverse link performance may be 
improved by methods to mitigate interference. On the reverse 
link, all access terminals in an access network may simulta 
neously transmit on the same frequency (one frequency reuse 
set) or multiple access terminals in the access network may 
simultaneously transmit on the same frequency (frequency 
reuse set greater than one). It is noted that the reverse link as 
described herein may utilize any frequency reuse. Therefore, 
any access terminals reverse link transmission is Subject to 
several sources of interference. The most dominant sources of 
interference are: 
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14 
transmission of code-division multiplexed overhead chan 

nels from other access terminals both from the same-cell 
and from other-cells; 

transmission of code-division multiplexed user data by 
access terminals in the same-cell; and 

transmission of code-division multiplexed user data by 
access terminals from other-cells. 

Studies of reverse link performance in the code-division 
multiple access (CDMA) communication systems indicate 
that eliminating same-cell interference may achieve a signifi 
cant improvement in the quality and effectiveness of the data 
transfer. Same-cell interference in the communication system 
employing CDMA, i.e., communication system in accor 
dance with the IS-856 standard, may be mitigated by limiting 
the number of access terminals that may simultaneously 
transmit on the reverse link. 

Because two modes of operation, i.e., limiting the number 
of simultaneously transmitting access terminals and allowing 
all access terminals to transmit simultaneously exists, the 
access network needs to indicate to the access terminals, 
which mode is to be used. The indication is communicated to 
the access terminals in periodic intervals, i.e., in a pre-deter 
mined portion of a forward link channel, e.g., every control 
channel cycle. Alternatively, the indication is communicated 
to the access terminals only upon change by a broadcast 
message in a forward link channel, e.g., a reverse power 
control channel. 
When operating in the limiting mode, the above-described 

packed grant forward link channel may be utilized to provide 
permission or denial to transmit to the access terminals 
requesting permission to transmit. 
The same-cell interference may also be mitigated by time 

division-multiplexing traffic channel and overhead channels 
of the reverse link and by scheduling, which of the access 
terminals requesting transmission are allowed to transmit 
user data or traffic in the reverse link time interval, e.g., a 
frame, a time-slot, or any time interval Supported by the 
communication system. The scheduling may take into 
account the entire access network, and may be carried out by 
a centralized entity, e.g., the access network controller 110. 
Such a scheduling method minimizes interference due to 
terminals transmitting in adjacent sectors of a cell. Alterna 
tively, the scheduling may take into account a part of the 
access network comprising only one access point, and can be 
carried out by either a centralized entity or a de-centralized 
entity, e.g., an access point controller. Such a scheduling 
method mitigates only same-cell interference. Furthermore, a 
combination of the two methods may be used, where several 
access points, but not the entire network are scheduled by one 
entity. 

It will be appreciated that the number of access terminals 
permitted to transmit in a time interval influences the inter 
ference on the reverse link, and, consequently the quality of 
service (QoS) on the reverse link. Therefore, the number of 
access terminals permitted to transmit is a design criterion. 
Consequently, such a number can be adjusted by the sched 
uling method in accordance with changing conditions and/or 
requirements on QoS. 

Additional improvements may be achieved by mitigating 
other-cell interference. The other-cell interference during 
user data transmissions is mitigated by opportunistic trans 
mission, control of maximum transmit power and rate of user 
data for each access terminal within a multi-sector cell. An 
"opportunistic transmission' (and multi-user diversity) 
implies scheduling an access terminals transmissions in time 
interval(s) in which a determined opportunity threshold is 
exceeded. A time interval may be deemed to be opportune if 
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a metric, determined in accordance with an instantaneous 
quality metric of the reverse link channel in the time interval, 
an average quality metric of that reverse link channel, and a 
function enabling differentiation between users (such as an 
impatience function described below), exceeds an opportu 
nity threshold. The method enables the access terminal to 
transmit user data at a lower transmit power and/or to com 
plete the transmission of a packet using fewer time intervals. 
The lower transmit power and/or completion of a packet 
transmission in fewer time intervals results in reduced inter 
ference from the transmitting access terminals in sectors of 
the multi-sector cell, and, therefore, in lower overall other 
cell interference to access terminals in adjacent cells. Alter 
natively, the better than average channel conditions allow the 
terminal to utilize the available power to transmit at a higher 
data rate, thus, causing the same interference to other-cells as 
the access terminal would cause by utilizing the same avail 
able power to transmit at a lower data rate during an inoppor 
tune transmit interval 

In addition to mitigating interference on the reverse link 
channels, the path loss and the variation of the path loss may 
be exploited by multi-user diversity to increase throughput. 
“Multi-user diversity' results from the diversity of channel 
conditions among the access terminals due to, e.g., different 
locations experiencing different shadowing and fading as a 
function of time. The diversity in channel conditions among 
user terminals allows scheduling an access terminals trans 
missions at time intervals, during which the access terminals 
channel conditions satisfy determined criteria that allow for 
transmissions with less power or higher rate of data, thus 
improving spectral efficiency of reverse link transmissions. 
Such criteria comprises the quality metric of an access termi 
nal's reverse link channel being better in relation to the aver 
age quality metric of the access terminals reverse link chan 
nel. 
A design of a scheduler may be used to control access 

terminals QoS. Thus, for example, by biasing the scheduler 
towards a Subset of the access terminals, the Subset may be 
given transmission priority, although the opportunity 
reported by these terminals may be lower than opportunity 
reported by terminals not belonging to the subset. It will be 
appreciated that a similar effect may be achieved by employ 
ing an impatience function discussed below. The term Subset 
is a set whose members comprise at least one but up to all 
members of another set. 

Even employing an opportunistic transmission method, the 
transmitted packet may be received erroneously and/or erased 
at an access point. The term erasure is failure to determine a 
content of the message with a required reliability. This erro 
neous reception stems from the inability of an access terminal 
to accurately predict the quality metric of the access termi 
nal's reverse link channel due to the other-cell interference. 
The other-cell interference is difficult to quantify in a com 
munication system in which, the transmissions of access ter 
minals from sectors belonging to different multi-sector cells 
are unsynchronized, short, and uncorrelated. 

To mitigate the incorrect channel estimation and provide 
interference averaging, Automatic Re-transmission request 
(ARQ) methods are often used. ARQ methods detect missing 
or erroneously received packet(s) at a physical layer or a link 
layer and request re-transmission of these packets from the 
transmitting terminal. 

Layering is a method for organizing communication pro 
tocols in well-defined encapsulated data units between oth 
erwise de-coupled processing entities, i.e., layers. The proto 
col layers are implemented in both access terminals and 
access points. In accordance with the Open Systems Inter 
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connection (OSI) model, protocol layer L1 provides for the 
transmission and reception of radio signals between the base 
station and remote station, layer L2 provides for the correct 
transmission and reception of signaling messages, and layer 
L3 provides for the control messaging for the communication 
system. Layer L3 originates and terminates signaling mes 
sages according to the semantics and timing of the commu 
nication protocol between access terminals and access points. 

In an IS-856 communication system, the air interface sig 
naling layer L1 is referred to as the Physical Layer, L2 is 
referred to as the Link Access Control (LAC) Layer or the 
Medium Access Control (MAC) Layer, and L3 is referred to 
as the Signaling Layer. Above the Signaling Layer are addi 
tional layers, which in accordance with the OSI model are 
numbered L4-L7 and are referred to as the Transportation, 
Session, Presentation and Application Layers. A physical 
layer ARQ is disclosed in U.S. patent application Ser. No. 
09/549,017, entitled “Method and Apparatus for Quick Re 
transmission of Signals. In A Communication System”, filed 
Apr. 14, 2000, assigned to the present assignee. An example 
of a link layer ARQ method is the Radio Link Protocol (RLP). 
RLP is a class of error control protocols known as not-ac 
knowledge (NAK) based ARQ protocols. One such RLP is 
described in TIA/EIA/IS-707-A.8, entitled “DATA SER 
VICE OPTIONS FOR SPREAD SPECTRUMSYSTEMS: 
RADIO LINK PROTOCOLTYPE 2, hereinafter referred to 
as RLP2. The transmissions of both the original and the 
retransmitted packets may be opportunistic. 

Reverse Link Transmission 

The reverse link user data transmission from the legacy 
access terminals utilizes a code-division multiple access 
(CDMA), e.g., the CDMA in accordance with the IS-856 
standard. 
The new access terminals may utilize several multiple 

access methods of the reverse link channel inaccordance with 
the options enabled by the communication system. First, the 
new access terminals may utilize the CDMA used by the 
legacy terminal, e.g. the CDMA in accordance with the 
IS-856 standard. 

Additionally, the communication system may enable a 
reverse link operation designed primarily for a Time Division 
Multiple Access (TDMA). Such an operation is enabled by 
dividing the reverse link into intervals, and associating each 
of the intervals with a CDMA or a TDMA. The control entity 
in an access network, e.g., the access network controller 110. 
makes a decision, specifying an assignment of a sequence of 
the CDMA and TDMA intervals. The decision is made in 
accordance with a reverse link condition of the specific access 
terminal, the number and activity of legacy terminals, and 
other design criteria of the communication system. The 
reverse link condition may be ascertained in accordance with 
erasure rate of the DRC channel. The design criteria may 
comprise, e.g., a hand-off state of the specific access terminal, 
reverse link loading, and other criteria known to one skilled in 
the art. Clearly, the distribution may comprise only intervals 
associated with one of the multiple-access method. 
The control entity in the access network then advises the 

access terminals about the assignment, by communicating the 
distribution to all access terminals of the access network. 
Alternatively, the assignment is communicated to new access 
terminals only. The assignment is communicated in periodic 
intervals, i.e., in a pre-determined portion of a forward link 
channel, e.g., every control channel cycle. Alternatively, the 
assignment is communicated to the access terminals only 
upon change by a broadcast message in a forward link chan 
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nel, e.g., the control channel. The number of bits in the mes 
sage (Indicator bits) is dependent on number of different 
Sequences. 
The new access terminals receive the assignment informa 

tion and, if not given the choice to select between the CDMA 
and the TDMA operation autonomously, enter the multiple 
access specified in the assignment information. If the access 
terminal is given a choice to select between the CDMA and 
the TDMA operation, the new access terminal autonomously 
makes the decision in accordance with design criteria of the 
communication system. Such criteria may comprise, e.g., 
power amplifier headroom, a forward link quality metric, a 
hand-off state of the new access terminal, reverse link quality 
metric, amount of data to be transmitted, impatience function 
value. QoS requirements and other known design criteria. 
Thus, for example, the new access terminals whose link 
budget enables reverse link transmission at a rate of data 
above a threshold may utilize TDMA; otherwise, the new 
access terminals may utilize CDMA. Furthermore, a new 
access terminal able to utilize the TDMA, but having data 
packet size too small for high data rate, may select the 
CDMA. Additionally, the AT may select CDMA for low 
latency applications. 

Reverse Link Channels 

As discussed above, the legacy access terminals operate in 
accordance with the IS-856 standard, consequently, the 
reverse link waveform for the legacy terminals is identical to 
the reverse link waveform of the IS-856 standard and is not 
described in detail herein. 

Additionally, those of the new access terminals utilizing a 
code-division access, e.g., the CDMA in accordance with the 
IS-856 standard utilize the reverse link waveform identical to 
the reverse link waveform of the IS-856. 
An exemplary reverse link waveform for the new access 

terminals operating in TDMA interval is illustrated in FIGS. 
4a-c. It will be appreciated that the below described time 
durations, chip lengths, value ranges are given in a way of 
example only, and other time durations, chip lengths, value 
ranges may be used without departing from the underlying 
principles of operation of the communication system. 
The reverse link 400 is defined interms of intervals 402. An 

interval is a structure comprising a pre-determined number of 
time-slot 404. As illustrated in FIG. 4a, the interval comprises 
m time-slots, however, the number of time-slots is a design 
decision; consequently, any number of slots may comprise an 
interval. Each time-slot 404(1), . . . , 404(m) is divided into 
two portions 406, 408. The first portion 406 comprises over 
head channels 412–418, and an optional traffic channel 
accompanied with additional overhead channel 420. 
The reverse link overhead channels comprise: a Pilot 

Channel (PC) 412, a Data Request channel (DRC) 414, an 
Acknowledgement channel (ACK) 416, a Packet Request 
channel (PR) 418. Optionally, a traffic channel accompanied 
by a Reverse Rate Indication channel (RRI), collectively indi 
cated by reference 420 may be also included in the first 
portion 406. 
The second portion 408 is further divided into sub-divi 

sions 410, each sub-division 406 carrying a traffic channel 
and accompanying Reverse Rate Indication channel (RRI) 
422 of an access terminal. As illustrated in FIG. 4a, there are 
in sub-divisions 410 in the second portion 408(1) of the first 
time-slot 404(1); consequently, n different access terminals 
may transmit in the second portion 408(1) of the interval 
404(1); there are/sub-divisions 410 in the second portion 
408(m) of the m-th time-slot 404(m); consequently, n differ 
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ent access terminals may transmit in the second portion 408 
(m) of the interval 404(m). The access network in accordance 
with scheduler design may vary the number of sub-divisions 
410. One sub-division means that the whole second portion of 
the interval is used by one access terminal. The additional 
traffic channel and accompanying RRI channel provided in 
the sub-divisions 410 may utilize TDM, OFDM, CDM or any 
other multiplexing format. 

FIG. 4b illustrates a specific TDMA interval 402. The 
TDMA interval comprises one time-slot 404. The time-slot 
404 is 2048 chips long, corresponding to a 1.66 ms. time-slot 
duration. Each time-slot 404 is divided into two portions 406, 
408, each portion being equal to half-time-slot. Because the 
second portion 408 is not further sub-divided, the second 
portion 408 corresponds to 1 sub-division 410. 
The overhead channels as described above are distin 

guished by different codes, e.g., by being covered by different 
Walsh codes, and organized in the first portion 406. The 
optional traffic channel, accompanied by a Reverse Rate Indi 
cation channel (RRI), collectively indicated by reference 420 
may be also included in the first portion 406. The RRI is 
punctured into the traffic channel, and the resulting structure 
420 is a distinguished from the overhead channels by differ 
ent code, e.g., by being covered by different Walsh code. 
Consequently, the traffic channel and the RRI channel 420 are 
referred to as a CDM traffic channel, respective a CDM/RRI 
channel. Alternatively, (not shown) the RRI channel is not 
punctured into the CDM traffic. Consequently, the CDM traf 
fic channel and the RRI channel are distinguished by each 
being covered by a by a unique code. 

Additional traffic channel 422(T) and accompanying 
Reverse Rate Indication channel (RRI) 422(RRI) are pro 
vided in the second half-time-slot 408. As illustrated in FIG. 
4b, the traffic channel 422(T) and accompanying RRI channel 
422(RRI) are time division multiplexed, and are referred to as 
a TDM traffic channel, respective a TDM/RRI channel. 

Although not shown, the additional traffic channel and 
accompanying RRI channel provided in the second half-time 
slot 408 may utilize OFDM, CDM or any other modulation 
format (not shown). Additionally, as described below, the 
additional traffic channel and accompanying RRI channel 
provided in the second half-time-slot 408 may utilize differ 
ent multiplexing format, e.g., TDM and OFDM depending on 
rate of data. 

FIG. 4c illustrates a reverse link waveform for access ter 
minals operating in TDMA interval, but carrying no data in 
the second half-time-slot 408. As illustrated, the overhead 
channels 406-418 and the optional CDM traffic channel/ 
CDM RRI channel 420 are still transmitted during the first 
half-time-slot 406, no energy is transmitted in the second 
half-time-slot 408. 

Consequently, to build user data into an interval designated 
for TDMA, the new access terminal may utilize three differ 
ent protocols (modes) of multiplexing user data in Such an 
interval: 

build user data into a first portion of the interval using a 
Code-division multiplexing (CDM): 

build user data into a second portion of the interval using a 
Time-division multiplexing (TDM) or Orthogonal Fre 
quency Division Multiplexing (OFDM); and 

building user data into a first data portion of an interval 
using CDM and into a second portion of the interval 
using TDM/OFDM. 

FIG. 4d illustrates a reverse link waveform for new access 
terminals operating in CDMA interval, and carrying CDM 
user data in both half-time-slots 406, 408. As illustrated, the 
overhead channels 412–418 and the optional CDM traffic 
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channel/CDM RRI channel 420 are transmitted during the 
first half-time-slot 406. Additional CDM channel 422 is trans 
mitted in the second half-time-slot 408. 

Although not shown in FIG. 4d, the new access terminal 
may utilize CDM traffic channel, i.e., to builduser data into an 
interval designated for CDMA using CDM by: 

building user data into a first portion of the interval 406; 
building user data into a first portion of the interval 408; 

and 
building user data into both the first portion 406 and the 

second portion 408. 
The data transmitted in the CDM portion and the TDM/ 

OFDM portion of the time-slot may contain data pertaining to 
the same information content, e.g., video. Additionally, a base 
video may be transmitted in the CDM portion of the time-slot 
and enhanced video in the TDM/OFDM portion of the time 
slot; consequently, an acceptable video may still be received 
if the terminal cannot transmit during the second half of the 
time-slots. Alternatively, each half may contain data pertain 
ing to different information content. Thus, e.g., voice data 
may be transmitted in the CDM portion of the time-slot and 
video may be transmitted in the TDM/OFDM portion of the 
time-slot. 

Pilot Channel 

In one embodiment, the Pilot Channel 412 is used for 
estimation of a reverse link channel quality. Additionally, the 
Pilot Channel 412 is used for coherent demodulation of the 
channels transmitted in the first half-time-slot 406. The Pilot 
Channel 412 comprises unmodulated symbols with a binary 
value of 0. Referring to FIG. 5, the unmodulated symbols 
are provided to a block 510(1), which maps the binary sym 
bols onto modulation symbols in accordance with the 
selected modulation. For example, when the selected modu 
lation is binary shift phase keying (BPSK) the binary symbol 
value 0 is mapped on a modulation symbol value +1, and 1 
binary symbol valued 1 is mapped on a modulation symbol 
value -1. The mapped symbols are covered with a Walsh 
function generated by a block 510(2), in block 510(4). The 
Walsh covered symbols are then provided for further process 
1ng. 

Data Request Channel 

The Data Request Channel 414 is used by the access ter 
minal to indicate to the access network the selected serving 
sector and the requested data rate on the Forward Traffic 
Channel. The requested Forward Traffic Channel data rate 
comprises, e.g., a four-bit DRC value. Referring to FIG. 5, the 
DRC values are provided to a block 506(2), which encodes 
the four-bit DRC value to yield bi-orthogonal code words. 
The DRC codeword is provided to a block 506(4), which 
repeats each of the codeword twice. The repeated codeword is 
provided to a block 506(6), which maps the binary symbols 
onto modulation symbols in accordance with the selected 
modulation. The mapped symbols are provided to a block 
506(8), which covers each symbol with a code, e.g., a Walsh 
code generated by a block 506(10), in accordance with a 
DRCCover identified by index i. Each resulting Walsh chip 
then provided to block 506(12), where the Walsh chips are 
covered by a different code, e.g., a different Walsh code, 
generated by a block506(14). The Walsh covered symbols are 
then provided for further processing. 

ACK Channel 

The ACK channel 416 is used by the access terminal to 
inform the access network whether user data transmitted on 
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the Forward Traffic Channel has been received successfully 
or not. The access terminal transmits an ACK channel bit in 
response to every Forward Traffic Channel interval that is 
associated with a detected preamble directed to the access 
terminal. The ACK channel bit is set to +1 (ACK) ifa Forward 
Traffic Channel packet has been successfully received; oth 
erwise, the ACK channel bit is set to -1 (NAK). A Forward 
Traffic Channel user data are considered successfully 
received if a CRC protecting the transmitted user data is 
identical to the CRC calculated from the decoded user data. 
Referring to FIG. 5, the ACK channel bit is repeated in a block 
508(2), and provided to a block 508(4). Block 508(4) maps 
the binary symbols onto modulation symbols in accordance 
with the selected modulation. The mapped symbols are then 
provided to a block 508(6), which covers each symbol with a 
Walsh code generated by block 508(8). The Walsh covered 
symbols are then provided for further processing. 

Packet Ready Channel 

Each access terminal desiring to transmit indicates to the 
serving sector that user data are available for transmission in 
a future interval and/or that the future interval transmission is 
opportune. A interval is deemed to be opportune if an instan 
taneous quality metric of the reverse link channel interval 
exceeds the average quality metric of that reverse link channel 
modified by an opportunity level determined in accordance 
with additional factors, depending on a design of the commu 
nication system, exceeds a threshold. 
The quality metric of the reverse link is determined in 

accordance with a reverse pilot channel, e.g., in accordance 
with an equation (1): 

Filt TX Pilot(n) (1) 
TX Pilot(n) 

where Tx Pilot(n) is the power at which the pilot channel 
is transmitted during an n-th interval; and 

Filt Tx Pilot(n) is the power of the filtered pilot signal 
filtered over the past k intervals evaluated in n-th interval. The 
filter time-constant, expressed in slots, is determined to pro 
vide adequate averaging of the reverse link channel. 

Consequently, Equation (1) indicates how much better or 
worse the instantaneous reverse link is with respect to the 
average reverse link. The access terminal performs the Tx Pi 
lot(n) and Filt TX Pilot(n) measurements, and the quality 
metrics calculation in accordance with Equation (1) at every 
interval. The calculated quality metric is then used to estimate 
quality metrics for a pre-determined number of intervals in 
the future. The pre-determined number of intervals may be 
two. A method for Such quality estimation is described in 
detail in U.S. patent application Ser. No. 09/974,933, entitled 
“Method and Apparatus for Scheduling Transmissions Con 
trol in a Communication System”, filed Oct. 10, 2001, 
assigned to the present assignee. 
The above-described method of estimating the reverse link 

quality metric is given by way of example only. Thus, other 
methods may be used. For example, the access terminals may 
provide an information about the pilot channel and the traffic 
channel transmit power levels to the access point that then 
uses this information to determine opportune transmit inter 
vals. 
The factors determining the opportunity level comprise, 

e.g., a maximum acceptable transmission delay t(from arrival 
of a packet at the access terminal to the packet transmission), 
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a number of packets in the queue at the access terminal I 
(transmit queue length), and an average throughput over the 
reverse linkth. The above-mentioned factors define an “impa 
tience” function I(t.I.th). The impatience function I(t.I.th) is 
determined in accordance with the desired influence of the 
input parameters. For example, immediately following a first 
packet arrival for transmission to the access terminals queue, 
the impatience function has a low value, but the value 
increases if the number of packets in the access terminals 
queue exceeds a threshold. The impatience function reaches a 
maximum value when the maximum acceptable transmission 
delay is reached. Queue length parameter and transmit 
throughput parameter affect the impatience function simi 
larly. 

Use of the above-mentioned three parameters as inputs to 
the impatience function is given for the purposes of explana 
tion only; any number or even different parameters may be 
used in accordance with design considerations of a commu 
nication system. Additionally, the impatience function may 
be different for different users, thus providing user differen 
tiation. Furthermore, functions other than the impatience 
function may be used to differentiate among users. Thus, for 
example, each user may be assigned an attribute in accor 
dance with the user's QoS. The attribute itself may serve in 
lieu of the impatience function. Alternatively, the attribute 
may be used to modify the input parameters of the impatience 
function. 
The impatience function I(t.I.th) may be used to modify the 

quality metric in accordance with equation (2): 

Filt TX Pilot(n) 
TX Pilot(n) 

. (t, l, th) (2) 

The relationship between the values calculated from Equa 
tion (2) and a threshold T, can be used to define opportunity 
levels. A set of suitable opportunity levels is given in Table 1 
as a way of example. It will be appreciated that different 
number and different definitions of opportunity levels may be 
used instead. 

TABLE 1. 

Opportunity Level Definition 

O No Data to Transmit 
1 Data available for transmission 
2 Data available for 

transmission, channel 
condition "GOOD OR 
Impatience to transmit "HIGH 

3 Data available for 
transmission, channel 
condition VERY GOOD OR 
Impatience to transmit “VERY HIGH 

The appropriate opportunity level is encoded and transmit 
ted over the PR channel. The PR channel is transmitted if an 
opportunity level other than 0, i.e., “no data to transmit is to 
be indicated. The above-described four opportunity levels 
may be represented as two information bits. The PR channel 
needs to be received at an access point with a high reliability 
because any error during the PR channel reception may result 
in possible scheduling of an access terminal that has not 
requested user data transmission or reported low opportunity 
level. Alternatively, such an error can result in failure to 
schedule an access terminal that reported high opportunity 
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level. Consequently, the two information bits need to be deliv 
ered with sufficient reliability. 
As described above, the opportune transmit interval is 

implied because both the access point and the access terminal 
have knowledge of a pre-determined number of intervals in 
the future, for which the opportune level has been estimated. 
Because the timing of the access points and access terminals 
is synchronized, the access point is able to determine which 
interval is the opportune transmit interval for which the trans 
mit terminal reported the opportunity level. However, it will 
be appreciated that other arrangements may be employed, in 
which the opportune transmit interval is variable, and is 
explicitly communicated to the access point. 
The PR channel 418 value in accordance with the above 

described concepts is expressed as a 2-bit value. Referring to 
FIG. 5, The PR value is provided to a block 512(2), which 
encodes the 2-bits to provide a codeword. The codeword is 
provided to a block 512(4), which repeats each of the code 
word. The repeated codeword is provided to a block 512(6), 
which maps the binary symbols onto modulation symbols in 
accordance with the selected modulation. The mapped sym 
bols are then provided to a block 512(8), which covers each 
symbol with a Walsh code generated by block 512(10). 

CDM Traffic Channel 

The CDM Traffic Channel 420 is a packet-based, variable 
rate channel. The user data packets for an access point are 
transmitted at rates of data selected from e.g., a set of rates of 
data 9.6, 19.2, 38.4, 76.8, and 153.6 kilo-bits per second 
(kbps). 

Referring to FIG. 5, the data to be transmitted (data bits) are 
divided into blocks of a pre-determined size, and provided to 
a block 504(2). The block 504(2) may comprise a turbo 
encoder. The output of the block 504(2) comprises code sym 
bols. The code symbols are interleaved by a block 504(4). In 
one embodiment, the block 504(4) comprises a bit-reversal 
channel interleaver. Depending on the data rate and encoder 
code rate, the sequence of interleaved code symbols is 
repeated in block 504 (6) as many times as necessary to 
achieve a fixed modulation symbol rate, and provided to a 
block 504(8). Block 504(8) is provided with the CDM RRI 
channel symbols, and punctures the CDM RRI channel sym 
bols into the CDM Traffic Channel symbols. The punctured 
symbols are provided to a block 504(10), which maps the 
binary symbols onto modulation symbols in accordance with 
the selected modulation. The mapped symbols are then pro 
vided to a block 504(12), which covers each symbol with a 
Walsh code generated by block 504(14). The resulting chips 
are provided for further processing, described in details 
below. The CDM Traffic Channel/RRI Channel packets may 
be transmitted in one to multiple half-time-slots, depending 
on the user data-to-pilot ratio, the packet size, and a given data 
are determined. 

CDM Reverse Rate Indication Channel 

The CDM RRI channel 420, provides an indication of a 
reverse link packet type. The packet type indication provides 
the access point with information that assists the access point 
in determining if soft-decisions from a currently received 
packet can be soft-combined with the soft-decisions from 
previously received packet(s). Soft-combining takes advan 
tage of values of energies at bit positions obtained from pre 
viously received and decoded packets (soft-decision values). 
An access point determines bit values (hard-decision) of a 
packet by comparing soft-decision values against a threshold. 
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If an energy corresponding to a bit is greater than the thresh 
old, the bit is assigned a first value, e.g., 1, otherwise the bit 
is assigned a second value, e.g., '0'. The access point then 
ascertains, whether the packet decoded correctly, e.g., by 
performing a CRC check, or by any other equivalent or Suit 
able method following decoding of the packet. If such test 
fails, the packet is considered erased. However, the access 
point saves the soft-decision values (if the number of re 
transmission attempts for the packet is less than a maximum 
allowed attempts), and when the access point acquires soft 
decision values of the current packet, it can combine the saved 
soft-decision values with the soft-decision values of the cur 
rent packet and compare the combined soft-decision values 
against the threshold. 

Methods of combining are well known and, therefore, need 
not be described here. One suitable method is described in 
detail in a U.S. Pat. No. 6,101,168, entitled “Method and 
Apparatus for Time Efficient Re-transmission Using Symbol 
Accumulation, assigned to the present assignee. 

However, in order to meaningfully soft-combine packets, 
the access terminal must know that the packets comprise 
information that may be combined as well as a method of 
combining. The set of RRI values is determined inaccordance 
the method of combination. The RRI channel may be similar 
to the RRI channel in accordance with IS-856 standard. 
Referring to FIG. 5, the RRI value represented, e.g., by 3 bits, 
is provided to a block 502(2), which encodes the 3-bits to 
provide a 7-bit codeword. An example of encoding is illus 
trated in Table 2. 

TABLE 2 

RRI Symbol RRI Codeword 

OOO OOOOOOO 
OO1 1010101 
O10 O11 OO11 
O11 1100110 
100 OOO1111 
101 1011010 
110 O111100 
111 1101001 

The codeword is provided to a block 502(4), which repeats 
each of the codeword. The repeated codeword is provided to 
a block 502(6), which provides the codeword to block 504(8) 
for puncturing to the CDM traffic channel. The blocks 502(8), 
502(10), and 502(12) are not utilized. 

Alternatively, the codeword is provided to a block 502(4), 
which repeats each of the codeword. The repeated codeword 
is provided to a block 502(6), which provides the codeword to 
block 502(8), which maps the binary symbols onto modula 
tion symbols in accordance with the selected modulation. The 
mapped symbols are then provided to a block 504(10), which 
covers each symbol with a Walsh code generated by block 
504(12). The resulting chips are provided for further process 
ing, described in details below. 

TDM Traffic Channel 

The TDM Traffic Channel 422(RRI) is a packet-based, 
variable-rate channel. The user data packets for an access 
point are transmitted at rates of data selected from e.g., a set 
of rates of data 76.8, 153.6, 230.4, 307.2, 460.8, 614.4,921.6, 
1228.8, and 1843.2 kbps. The data to be transmitted (data 
bits) are divided into blocks of a pre-determined size, and 
provided to a block 504(2). The block 504(2) may comprise a 
turbo-encoder with code rates /s. The output of the block 
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504(2) comprises code symbols. The code symbols are inter 
leaved by a block 504(4). The block 504(4) may comprise a 
bit-reversal channel interleaver. Depending on the data rate 
and encoder code rate, the sequence of interleaved code sym 
bols is repeated in block 504 (6) as many times as necessary to 
achieve a fixed modulation symbol rate, and provided to a 
block 504(8). Block 504(8) passes the symbols to a block 
504(10), which maps the binary symbols onto modulation 
symbols in accordance with the selected modulation. The 
mapped symbols are then provided to a block 504(12), which 
covers each symbol with a Walsh code generated by block 
504(14), and the resulting chips are provided for further pro 
cessing, described in details below. 
As part of the processing, the code symbols are trans 

formed into modulation symbols. The TDM traffic channel 
modulation symbols are then time division multiplexed with 
the and the chips of the RRI channel. However, the size of the 
TDM channel does not necessarily match the size of the 
symbols resulting by combining the RRI channel chips and 
the TDM traffic channel modulation symbols representing a 
packet. Consequently, the chips representing the original 
packet symbols are divided into Sub-packets, which are 
inserted into the TDM channel and transmitted. The method 
for transmission, an incremental redundancy, is described in a 
co-pending U.S. patent application Ser. No. 09/863,196, 
entitled “ENHANCED CHANNEL INTERLEAVING FOR 
INCREASED DATA THROUGHPUT”, filed May 22, 2001, 
assigned to the present assignee. 
The above-described sub-packet transmission is described 

in reference to Table 3, which illustrates the packet param 
eters. The rates of data and associated packet parameters are 
given as a means of an example, consequently, other rates of 
data and associated packet parameters are contemplated. 

TABLE 3 

Mod 
Symbols 

Data in a 
Rate Data Code Mod Mod RRI TDM 
(kbps) Bits Symbols Type Symbols chips channel 

76.8 256 1280 QPSK 640 384 1280 
153.6 512 2560 QPSK 1280 192 1664 
230.4 768 3840 QPSK 1792 128 1792 
3.07.2 1024 5120 QPSK 1856 96 1856 
460.8 1536 7680 QPSK 1920 64 1920 
614.4 2048 10240 QPSK 2560 64 1920 
921.6 3072 1536O 8- 3840 64 1920 

PSK 
1228.8 4096 2O480 8- S120 64 1920 

PSK 
1843.2 6144 3072O 16- 768O 64 1920 

QAM 

Considering an rate of data of 1843.2 kbps, the data to be 
transmitted are divided into blocks of size of 614.4 bits. 
Encoded by a code rate of /s results into 6144x5-30720 code 
symbols. The modulation is 16-QAM, which means that each 
four code symbols result in one modulation symbols. So the 
30720 code symbols result in 30720/4=7680 modulation 
symbols. Because the TDM channel comprises two half 
time-slots, the TDM channel size is 1024 per slot. Because the 
number of RRI chips in a time-slot is 64, there is space for 
2x(1024-64)=1920 modulation symbols in a TDM channel. 
The first sub-packet is formed by inserting the first 1920 

modulations symbols from the total 7680 modulation sym 
bols into the a TDM channel. Because the sub-packet con 
tains all the information necessary for recovery of the data 
bits of the packet, if the transmission is successful, i.e., the 
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Sub-packet decodes; the next packet is transmitted. If the 
transmission fails, the next Sub-packet is formed. In one 
embodiment, the next Sub-packet is formed by inserting the 
second 1920 modulations symbols from the total 7680 modu 
lation symbols into the a TDM channel. This method is 
repeated until the data bits of the packet are successfully 
decoded, or a pre-determined number of Sub-packets trans 
mission or re-transmissions is reached. 

To enable the access point soft-combine the Sub-packets, 
transmitted by this incremental redundancy (HARQ) method, 
each Sub-packet is assigned a sub-packet index. The Sub 
packed index is transmitted on a TDM Reverse Rate Indica 
tion Channel as described below. 

The term Sub-packet was used in the previous description 
for tutorial purposes, namely, to explain the concept of incre 
mental redundancy. Because Such differentiation is mainly 
semantic, the term packet will be used collectively, unless 
necessary for clear understanding. 

TDM Reverse Rate Indication Channel 

The TDM RRI channel 422(RRI) serves a similar purpose 
as the CDM RRI. Consequently, the TDM RRI channel pro 
vides an indication of a reverse link packet type, e.g., (payload 
size, code rate, modulation, and the like), as well as a Sub 
packet index, which is used for the incremental redundancy 
(HARQ). 
To provide the required indication, the RRI comprises 5 

bits of information. Referring to FIG. 5, the RRI value is 
provided to a block 502(2), which bi-orthogonally encodes 
the 5-bits to provide a codeword. The codeword is provided to 
a block 502(4), which repeats each of the codeword. The 
repeated codeword is provided to a block 502(6), which maps 
the binary symbols onto modulation symbols in accordance 
with the selected modulation. The mapped symbols are fur 
ther provided to a block 502(8), which covers each symbol 
with a Walsh code generated by block 502(10), and the result 
ing chips are provided for further processing, described in 
details below. 

Table 4 summarizes the RRI codeword values. 

TABLE 4 

RRI Codeword Packet Sub-packet 
Value Rate Index 

0, 1 76.8k 1, 2 
2, 3 153.6k 1, 2 
4, 5 230.4k 1, 2 
6, 7 3.07.2k 1, 2 
8, 9 460.8k 1, 2 

10, 11, 12 614.4k 1, 2, 3 
13, 14, 15 921.6k 1, 2, 3 
16, 17, 18, 19 1228.8k 1, 2, 3, 4 
20, 21, 22, 23 1843.2k 1, 2, 3, 4 

Referring to Table 4, when the access point receives and 
decodes RRI codeword with value 0, the access point 
attempts to decode the sub-packet with a rate of data 76.8 
kbps. If the Sub-packet fails to decode, the access point 
receives next packet and decodes RRI codeword with value 
1, the access point may combine the current Sub-packet with 

the previously received sub-packet, because the RRI code 
word with value 1 identifies the currently received sub 
packet with index 2, which may be combined with sub 
packet with index 1. 
As discussed above, a pilot channel is a reference signal, 

i.e., parameters of the pilot signal, e.g., structure, transmis 
sion power, and other parameters are known at the access 
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point. Upon receiving the pilot channel, the access point 
determines the parameters of the reverse pilot signal as 
affected by the communication link. By relating the two sets 
of parameters, i.e., the parameters upon transmission and the 
parameters as received, the access point may estimate the 
communication link and coherently demodulate the commu 
nication link's channels. Methods of using a reference signal 
for estimating communication link are known in the art. For 
reference see e.g., a co-pending U.S. patent application Ser. 
No. 09/943,277, entitled “METHOD AND APPARATUS 
FOR MULTI-PATH ELIMINATION IN A WIRELESS 
COMMUNICATION SYSTEM, filed Aug. 30, 2001, 
assigned to the present assignee. 

Referring to FIG. 4a–b, the reverse pilot channel, used for 
estimation of the reverse link and coherent demodulation of 
the channels transmitted in the first half-time-slot is not avail 
able in the second half-time-slot. However, the relatively high 
transmission power and elaborate encoding assures that the 
probability of reception and correct decoding of the RRI 
channel is high. Furthermore, both the access terminal and the 
access point are provided by the information Summarized in 
Table 4. 

Therefore, the access point may construct hypothesis of 
what rate of data and what RRI codeword was transmitted, 
and attempts to decode the RRI by trying the hypothesis. The 
access selects the hypothesis, which is most likely in accor 
dance to the metric used for the hypothesis testing. As dis 
cussed below, reverse pilot channel is transmitted with a 
power determined by the power control loops so that the 
reverse pilot channel from all access terminals is received at 
the access point with the same power (P.). Because the 
RRI channel power (P) is related to the reverse link transmis 
sion power (see Equation (3) below), once the RRI channel is 
correctly decoded, the access point may use Equation (3) to 
determine the parameters of the RRI channel necessary for 
estimating the reverse link channel quality. Consequently, the 
RRI channel may be used as a reference signal in lieu of the 
pilot channel for estimation of a reverse link channel quality 
and coherent demodulation of the channels transmitted in the 
second half-time-slot. 
To properly use Equation (3) the access point needs to 

know the value of A, a rise over thermal (ROT) differential 
between the overhead and traffic transmission intervals. As 
further discussed below, the access point measures the value 
of A. 

Although the CDM Traffic Channel/CDM RRI channel 
were described as using the same structure generating the 
TDM Traffic channel and the TDM RRI Channel, this need 
not be the case, there may be separate structures for the CDM 
Traffic Channel, CDMRRI channel and TDM Traffic channel 
and the TDM RRI Channel. 

OFDM Reverse Traffic channel 

As discussed, transmission of a rate of data depends on 
characteristics of a communication channel, e.g. a signal-to 
interference-and-noise-ratio (SINR); higher rates of data 
requiring higher SINR. Because multipath interference is a 
significant contributor to interference-and-noise, mitigation 
of interference at higher rates of data would significantly 
improve performance of the communication system. 
One means for multipath interference mitigation is 

Orthogonal Frequency Division Modulation (OFDM). 
OFDM is known modulation method, fundamentals of which 
are explained in reference to FIG. 6. An OFDM communica 
tion system 600 takes a user data 602 and provides them to 
block 604. (The pre-processing of user data before block 604, 
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i.e., encoding, repeating, interleaving, and the like, are not 
shown for brevity purposes.) Block 604 distributes the user 
data among many parallel bins 606, the exact number being a 
function of the used Fast Fourier Transform (FFT) size. The 
parallel bins 606 are modulated in block 608 by an inverse 
FFT (IFFT). This modulated signal, comprising a bank of 
signals whose number is equal to the number of parallel bins, 
is then upconverted to a set of radio frequency Sub-carriers 
610, amplified and transited over a communication channel 
612. The signal is received and demodulated in block 614 
using the FFT. The demodulated data 616 are then re-distrib 
uted by block 618 to user data 620. 

The user data are protected from multipath-induced fre 
quency selective fading. If a Sub-carrier experiences a fade, 
the user data lost are only a small portion of the aggregate user 
data. Because the transmitted user data contain error correc 
tion bits, the missing pieces may subsequently be recovered. 

The above-described OFDM may be utilized for transmis 
sion in the second half of the TDM interval as follows. When 
the access terminal determines that a rate of user data to be 
transmitted over the reverse link is above a pre-determined 
rate of data, e.g., above 614.4 kbps, the access terminal trans 
mits the user data utilizing the OFDM instead of the TDM. 

OFDM Reverse Rate Indicator Channel 

To provide the required indication, the OFDM RRI may 
comprise 5 bits of information. The RRI vale 602(2) is pro 
vided separately from user data 602(1) to a block 604 (of FIG. 
6A), which distributes the RRI data to at least one pre-deter 
mined parallel bin 606(2), and which distributes the user data 
on the remaining parallel bins 606(1). (The pre-processing of 
user data and RRI date before block 604, i.e., encoding, 
repeating, interleaving, and the like, are not shown for brevity 
purposes.) Further processing proceeds as described in FIG. 
6. Referring back to FIG. 6a, upon reception, the signal is 
received and demodulated in block 614 using the FFT. The 
demodulated RRI data 616(2) and the demodulated user data 
616(2) are then re-distributed by block 618 to provide user 
620(1) and RRI value 620(2). 

Alternatively, the user data and the RRI data are multi 
plexed and provided to the block 604 (of FIG. 6). (The pre 
processing of user data before block 604, i.e., encoding, 
repeating, interleaving, and the like, are not shown for brevity 
purposes.) Consequently, the RRI values, as well as the user 
data are distributed among the parallel bins 606. Further 
processing proceeds as described in FIG. 6. Referring to FIG. 
6c, upon reception, the signal is received and demodulated in 
block 614 using the FFT. The demodulated RRI data and the 
demodulated user data 616 are then re-distributed by block 
618 to provide user 620(1) and RRI value 620(2). 

Reverse Link Architecture 

FIG. 5c further illustrates the reverse link channels archi 
tecture. The TDM Traffic Channel 422(T), and the TDM RRI 
channel 422(RRI) (of FIG. 4) are time division multiplexed in 
block 514, and provided to gain adjustment block 516(1). 
After the gain adjustment, the time division multiplexed sig 
nal is provided to a modulator 518. 
The Pilot Channel 412, the Data Request channel 4414, the 

Acknowledgement channel 416, the Packet Request channel 
418 (of FIG. 4), are provided to the respective gain adjustment 
blocks 516(2)-516(5). After the gain adjustment, the respec 
tive channels are provided to the modulator 518. 

Additionally, the optional CDM traffic channel/CDM RRI 
channel 420 (of FIG. 4) are provided to a gain adjustment 
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blocks 516(7). After the gain adjustment, the respective chan 
nels are provided to the modulator 518. 
The modulator 518 combines the incoming channel sig 

nals, and modulates the combined channel signals in accor 
dance with an appropriate modulation method, e.g., a binary 
phase-shift keying (BPSK), a quadrature phase-shift keying 
(QPSK), quadrature amplitude modulation (QAM), 8-phase 
shift keying (8-PSK), and other modulation methods known 
to one of ordinary skill in the art. The appropriate modulation 
method may change in accordance with a rate of data to be 
transmitted, channel condition, and/or other design parameter 
of the communication system. The combining of the incom 
ing channel signals will change accordingly. For example, 
when a selected modulation method is QPSK, the incoming 
channel signals will be combined onto an In-phase and 
Quadrature signals, and these signals will be are quadrature 
spread. The selection of channel signals are combined on the 
In-phase and Quadrature signals in accordance with design 
parameter of the communication system, for example distrib 
uting the channels so that the data load between the In-phase 
and Quadrature signals is balanced, the resulting waveform 
peak-to-average is lowered, and other design parameters. 
The modulated signal is the filtered in block 520, upcon 

verted to a carrier frequency in block 522, and provided for 
transmission. 

Reverse Link Access Method 

As discussed, the reverse link user data transmissions from 
the legacy access terminals utilize a code-division multiplex, 
e.g., the CDMA in accordance with the IS-856 standard. In 
accordance with the IS-856 standard, the access terminals 
may access the carrier frequency of the reverse link, therefore, 
initiate reverse link transmission autonomously, disregarding 
any potential reverse link distribution between TDMA and 
CDMA intervals. The initial reverse link transmission occurs 
at a pre-determined rate of data, e.g., 9.6 kbps. When a reverse 
activity bit (RAB) received over a Reverse Activity Channel 
is Zero, the access terminal may increase rate to the next 
higher rate with probability p; when the RAB is one, the 
access terminal may decrease rate to the next lower rate with 
probability q. The probabilities p and q for each rate are either 
transmitted from an access network to an access terminal or 
are negotiated between an access point and access terminal, 
e.g., upon connection. 

Consequently, the new access terminals utilizing a code 
division multiplex, e.g., the CDMA in accordance with the 
IS-856 standard may initiate reverse link transmission 
autonomously, disregarding any potential reverse link distri 
bution between TDMA and CDMA intervals, as described 
above. 
The new access terminals utilizing a CDMA designated 

interval modulation may initiate reverse link transmission in 
the CDMA designated interval autonomously as described 
above. 
The reverse link transmissions from the new access termi 

nals utilizing a TDMA designated interval occur from at least 
one of the access terminals in a portion of a reverse link 
interval. To illustrate how the one time-slot interval structure 
described above may be extended to a multi time-slot interval, 
the reverse link data transmission as described below uses an 
interval equal to two time-slots. However, as mentioned 
above, any number of time-slots may be used to construct the 
interval. The access to the carrier frequency of the reverse link 
for the new access terminals utilizing the TDMA designated 
interval depends on the mode of data multiplexing. 
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Those of the new access terminals utilizing the CDM only 
mode, i.e., transmitting user data using only CDM in the 
TDMA interval may access the carrier frequency of the 
reverse link, therefore, initiate reverse link transmission 
autonomously, as described above. 

In contrast, access to the carrier frequency of the reverse 
link, therefore, the reverse link transmission for the new 
access terminals utilizing a TDM/OFDM or a CDM and 
TDM/OFDM mode, i.e., transmitting user data using TDM/ 
OFDM or a CDM and TDMAOFDM in the TDMA interval is 
scheduled by an entity in an access networkin response to the 
access terminals request to convey the user data. The access 
terminal is scheduled in accordance with the quality metric of 
the access terminal's channel in the interval on the reverse 
link, the access terminals average reverse link quality metric, 
and an impatience function. If a new access terminal is not 
scheduled, i.e., the access terminal is denied a permission to 
transmit; the access terminal must Suppress transmission in at 
least the TDM/OFDM portion of the interval. Thus, the 
access terminals either transmit no data in the interval or 
transmit data only in the CDM portion of the interval, i.e., 
utilizing the CDM portion of the TDMA interval. 
One example of the reverse link data transmission for an 

access terminal requesting TDMA is shown, and will be 
explained with reference to FIG. 7. FIG. 7 illustrates reverse 
link data transmission negotiation for one access terminal, for 
the sake of understanding only. Furthermore, only the serving 
access point is shown. However, it is understood that, as 
described above, the concept may be extended to multiple 
access terminals. Additionally, multiple access points of the 
access network may receive and decode the reverse link from 
the transmitting access terminal and provide information 
whether or not the user data were successfully decoded to the 
serving access point. Alternatively, the access points that 
received the payload information send the payload informa 
tion to centralized entity to perform soft-decision decoding. 
The central decoder then notifies the serving access point 
whether the payload decoding was successful. The serving 
access point indicates an ACK over the PG channel, thus 
preventing unnecessary re-transmission. 

Because the access procedure, serving sector selection, and 
other call setup procedures are based on the like functions of 
the communication system in accordance with the IS-856 
standard as described above, they are not repeated. The only 
difference is that the new access terminals do not transmit the 
access channel probes during the TDM/OFDM half-time 
slot. 
The access terminal (not shown) having received data to be 

transmitted and wishing to transmit in the TDMA interval, 
evaluates the access terminals reverse link quality metric and 
impatience function for the TDMA interval, and generates an 
opportunity level (OL 1). For the sake of understanding only, 
it is assumed that all intervals are designated as TDMA. The 
Access Terminal estimates the data rate at which it can trans 
mit and generates the data type accordingly. As discussed, the 
packet data type not only indicates the date rate but also 
designates the packet as original or retransmitted. As 
described in more detail below, the rate determination method 
determines maximum Supportable rate in accordance with an 
amount of data to be transmitted, the access terminals maxi 
mum transmit power and transmit power allocated to a pilot 
channel. The access terminal then determines, whether rules 
for transmitting a next value in packet ready channel are 
satisfied. The rules may comprise: 

a next value in a packet ready channel is transmitted overan 
interval, e.g., two time-slots; 
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30 
a next value in the packet ready channel is transmitted upon 

change in the opportunity level; 
a next value in the packet ready channel is transmitted even 

if the opportunity level does not change if no packet 
grant has been received for a pre-determined time inter 
val; and 

no packet ready channel is transmitted if the access termi 
nal has no data to transmit 

When the rules are satisfied, the access terminal communi 
cates the requested data rate and the opportunity level over the 
PR channel over the time-slots in and n+1. 
A serving access point (not shown) of the access network 

receives the reverse link and decodes the information con 
tained in time-slots in and n+1 in slot N+1. The serving access 
point then provides the opportunity level, the packet data 
type, and the requested data rate of all access terminals 
requesting permission to transmit data to a scheduler (not 
shown). The scheduler schedules packets for transmissions in 
accordance with scheduling rules. As discussed, the schedul 
ing rules attempt to minimize mutual reverse link interference 
among access terminals while achieving the required QoS or 
data distribution fairness. The rules are as follows: 

i. precedence to transmit is given to the access terminal 
reporting the highest opportunity level; 

ii. in the event that several access terminals report identical 
opportunity level, precedence is given to the access terminal 
with lower transmitted throughput; 

iii. in the event that several access terminals satisfy rules (i) 
and (ii) the access terminal is selected at random; and 

iv. a permission to transmit is given to one of the access 
terminals with data available for transmission even if the 
reported opportunity level is low in order to maximize reverse 
link utilization. 

After having made scheduling decision, the serving access 
point transmits the scheduling decision for each of the access 
terminals requesting permission to transmit on the PG chan 
nel. As illustrated, the serving access point sent a scheduling 
decision (SD 0), denying the access terminal permission to 
transmit a new packet in slots N+2 and N-3. 

Because the access terminal did not receive any response to 
the PR channel, and the access terminal has data to be trans 
mitted, the access terminal again evaluates the access termi 
nal's reverse link quality metric and impatience function, 
which this time results in an increased opportunity level (OL 
3). The access terminal further generates the packet data type 
and estimates the data rate, and provides the packet data type 
and the requested data rate over a RRI channel, and the 
opportunity level over the PR channel of the reverse link in 
time-slots n+2 and n+3. 
The serving access point receives the reverse link and 

decodes the information contained in time-slots n+2 and n+3 
in slot N+3. The serving access point then provides the oppor 
tunity level, the packet data type, and the requested data rate 
of all access terminals requesting permission to transmit data 
to the scheduler. After having made scheduling decision, the 
serving access point transmits the scheduling decision for 
each of the access terminals requesting permission to transmit 
on the PG channel. As shown the serving access point trans 
mits a scheduling decision (SD 1) permitting new packet 
transmission in time-slots N+4 and N+5. 
The access terminal receives the PG channel and decodes 

the scheduling decision (SD 0) transmitted in time-slots N+2 
and N+3 in time-slot n+3. The Access Terminal therefore 
abstains from transmitting during time-slots n+4 and n+5. 
The access terminal has data to be transmitted, consequently, 
the access terminal evaluates the access terminals reverse 
link quality metric and impatience function. As illustrated, 
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the access terminal determined an opportunity level (OL 3), 
which is the same as in the two slots prior to this transmission, 
consequently, the access terminal abstains from transmitting 
PR channel in time-slot n+4 and n+5. 
The serving access point makes a scheduling decision (SD 

1) to allow the access terminal to transmit, consequently, the 
serving access point transmits the scheduling decision for 
each of the access terminals requesting permission to transmit 
on the PG channel. As shown, the serving access point trans 
mits a scheduling decision (SD 1) permitting new packet 
transmission in time-slots N+4 and N+5 

The access terminal receives the PG channel and decodes 
the scheduling decision (SD1) transmitted in time-slots N+4 
and N+5 in time-slot n+5. In addition to the data transmitted 
in slots n+6 and n+7, the access terminal has data to be 
transmitted, consequently, the access terminal evaluates the 
access terminals reverse link quality metric and impatience 
function. As illustrated, the access terminal determined an 
opportunity level (OL 2), consequently, the access terminal 
transmits PR channel in time-slot n+6 and n+7. Because the 
access terminal was permitted to transmit, the access terminal 
further transmits the user data in the TDM/OFDM portions of 
the reverse link traffic channel in the time-slots n+6 and n+7. 
As illustrated in FIG. 7, the access terminal received the 

permission to transmit after two requests. Each of the packet 
requests may have been associated with the same packet or 
with different packets. If each of the packet requests have 
been associated with different packets, in one embodiment, 
the access terminal autonomously decides, which packet to 
sent. Alternatively, the permission to transmit is associated 
with the first non-granted packet requests. However, other 
strategies are fully within the scope of the invention. 
The serving access point receives the reverse link and 

decodes the PR channel information contained in time-slots 
n+6 and n+7 in slot N+7, and the user data contained in 
time-slots n+6 and n+7 in time-slots N+8 and N+9. The 
serving access point then provides the opportunity level, the 
packet data type, and the requested data rate of all access 
terminals requesting permission to transmit data to the sched 
uler. After having made scheduling decision, the serving 
access point transmits the scheduling decision for each of the 
access terminals requesting permission to transmit on the PG 
channel. Because the access point Successfully decoded the 
user data, the serving access point transmits a scheduling 
decision (SD1) permitting new packet transmission in time 
slots N+10 and N+11. 
The access terminal did not send a PR in time-slots n+8 and 

n+9 norintime-slots n+10 and n+11 because, upon the access 
terminals evaluation of reverse link quality metric and impa 
tience function, rules for transmitting a next value in packet 
ready channel were not satisfied. 
The access terminal receives the PG channel and decodes 

the scheduling decision SD 1 in slot n+11. Because the access 
terminal was permitted to transmit, the access terminal fur 
ther transmits the user data in the TDM/OFDM portions of the 
opportune time-slots n+12 and n+13. 
The serving access point receives the reverse link and 

decodes the user data contained in time-slots n+12 and n+13 
in time-slots N+14 and N--15. Because the access point suc 
cessfully decoded the user data, but the serving access point 
has no outstanding packet request, the access point does not 
transmit a PG. 

The case for the access network failing to correctly decode 
the payload send over the reverse link in slot n+6 and n+7 is 
illustrated in FIG. 8. 
The serving access point receives the reverse link and 

decodes the PR channel information contained in time-slots 
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n+6 and n+7 in slot N+7, and the user data contained in 
time-slots n+6 and n+7 in time-slots N+8 and N+9. The 
serving access point then provides the opportunity level, the 
packet data type, and the requested data rate of all access 
terminals requesting permission to transmit data to the sched 
uler. After having made scheduling decision, the serving 
access point transmits the scheduling decision for each of the 
access terminals requesting permission to transmit on the PG 
channel. Because the access point failed to Successfully 
decode the user data, the serving access point transmits a 
scheduling decision (SD-1) permitting previously transmit 
ted packet re-transmission in time-slots N+10 and N-11. 
The access terminal did not send a PR intime-slots n+8 and 

n+9 because, upon the access terminals evaluation of reverse 
link quality metric and impatience function, rules for trans 
mitting a next value in packet ready channel were not satis 
fied. However, access terminal sent a PR in time-slots n+10 
and n+11 because upon the access terminals evaluation of 
reverse link quality metric and impatience function, the 
opportunity level has changed. 
The access terminal receives the PG channel and decodes 

the scheduling decision SD-1 sent in time-slots N+10 and 
N+11 in time-slot n+11. Because the access terminal was 
permitted to re-transmit the previously transmitted packet 
and not the new packet, the access terminal has data to be 
transmitted, consequently, the access terminal evaluates the 
access terminals reverse link quality metric and impatience 
function. As illustrated, the access terminal determined an 
opportunity level (OL 3), consequently, the access terminal 
transmit PR channel in time-slot n+12 and n+13. Further 
more, the access terminal re-transmits the user data in the 
TDM/OFDM portions of the opportune time-slots n+12 and 
n+13. 
The serving access point receives the reverse link and 

decodes the PR channel information contained in time-slots 
n+12 and n+13 in slot N+13, and the user data contained in 
time-slots n+12 and n+13 in time-slots N+14 and N+15. The 
serving access point then provides the opportunity level, the 
packet data type, and the requested data rate of all access 
terminals requesting permission to transmit data to the sched 
uler. After having made scheduling decision, the serving 
access point transmits the scheduling decision for each of the 
access terminals requesting permission to transmit on the PG 
channel. Because the access point Successfully decoded the 
user data, the serving access point transmits a scheduling 
decision (SD1) permitting new packet transmission in time 
slots N+14 and N+15. 
The access terminal receives the PG channel and decodes 

the scheduling decision SD 1 in slot n+15. Because the access 
terminal was permitted to transmit, the access terminal fur 
ther transmits the user data in the TDM/OFDM portions of the 
opportune time-slots n+16 and n+17. 
The serving access point receives the reverse link and 

decodes the user data contained in time-slots n+16 and n+18 
in time-slots N+18 and N--19. Because the access point suc 
cessfully decoded the user data, but the serving access point 
has no outstanding packet request, the access point does not 
transmit a PG. 

It will be appreciated that the serving access point may 
schedule an access terminal in accordance with their latest 
received request for transmission. 

It will be appreciated that the access network may fail to 
receive PR channel. Since the access terminal does not re 
transmit the PR channel until an opportunity level changes, to 
prevent the failure in communication, the access terminal 
re-transmits the PR channel after a pre-determined amount of 
time. 
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It will be appreciated that the packet access network may 
fail to receive packet even upon several re-transmission 
attempts. To prevent excessive re-transmission attempts, the 
communication system may give up re-transmission attempts 
after a determined number of re-transmission attempts (per 
sistence interval). The missing packet is then handled by a 
different method, e.g., a radio link protocol (RLP). 

Reverse Link Power Control 

As discussed, at least one access terminal in a sector is 
transmitting data traffic on the reverse link using TDMA. 
Because in the CDMA communication system all terminals 
are transmitting on the same frequency, each transmitting 
access terminal acts as a source of interference to the access 
terminals in adjacent sectors. To minimize Such an interfer 
ence on the reverse link and maximize capacity, the transmit 
power of the pilot channel for each access terminal is con 
trolled by two power control loops. The transmit power of the 
remaining overhead channels and the CDM traffic channel is 
then determined as a fraction of the transmit power of the pilot 
channel. The transmit power of the TDM traffic channel is 
determined as a traffic-to-pilot power ratio for a given data 
rate, corrected by a rise over thermal differential between the 
overhead and traffic transmission intervals. Rise overthermal 
is a difference between a receiver noise floor and a total 
received power as measured by the access terminal. 

Pilot Channel Power Control 

The pilot channel power control loops are similar to that of 
the CDMA system disclosed in detail in U.S. Pat. No. 5,056, 
109, entitled “METHOD AND APPARATUS FOR CON 
TROLLING TRANSMISSION POWER IN A CDMA CEL 
LULARMOBILETELEPHONE SYSTEM”, assigned to the 
assignee of the present invention and incorporated by refer 
ence herein. Other power control methods are also contem 
plated and are within the scope of the present invention. 
The first power control loop (outer loop), adjusts a set point 

so that a desired level of performance, as evaluated at the 
sector receiving the reverse link with the best quality metric, 
is maintained. The level of performance comprises e.g., a 
DRC channel erasure rate and CDM Traffic channel packet 
error rate (PER). The set point is updated in accordance with 
rules that may be as follows: 

set point is decreased if DRC erasure rate is less than a 
threshold, e.g., 25%, and a CDM packet was decoded suc 
cessfully, provided that the CDM-RRI was successfully 
detected; 

set point is increased if DRC erasure rate is greater than the 
threshold or CDM packet was not successfully decoded, pro 
vided that the CDM RRI was successfully detected. 
The set point is updated periodically every pre-determined 

number of frames following selection diversity at the access 
points. The DRC erasure rate is measured over that interval. If 
no CDM traffic channel is received within the update interval, 
the set point is updated in accordance with the DRC erasure 
rate only. If the pre-determined number of frames is greater 
than one frame, set point is updated at either the update 
interval or failure to successfully decoded CDM packet, pro 
vided that the CDM RRI was successfully detected. 
The second power control loop (inner loop) adjusts the 

transmit power of the access terminal so that the reverse link 
quality metric is maintained at the set point. The quality 
metric comprises an energy-per-chip-to-noise-plus-interfer 
ence ratio (Ecp/Nt), and is measured at the access point 
receiving the reverse link. Consequently, the set point is also 
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measured in Ecp/Nt. The access point compares the measured 
Ecp/Nt with the power control set point. If the measured 
Ecp/Nt is greater than the set point, the access point transmits 
a power control message to the access terminal to decrease the 
access terminals transmit power. Alternatively, if the mea 
sured Ecp/Nt is below the set point, the access point transmits 
a power control message to the access terminal to increase the 
access terminals transmit power. The power control message 
is implemented with one power control bit. A first value for 
the power control bit (“up') commands the access terminal to 
increase the access terminals transmit power and a low value 
("down”) commands access terminal to decrease the access 
terminals transmit power. The access terminal receiving the 
power control bits from multiple sectors decreases transmit 
power if one of the power control commands is “down, and 
increases transmit power otherwise. 
The power control bits for all access terminals in commu 

nication with each access point are transmitted on the MAC 
channels of the forward link. 

Remaining Overhead Channels and CDM Traffic 
Channel Power Control 

Once the transmit power of the pilot channel for a time-slot 
is determined by the operation of the power control loops, the 
transmit power of each of the remaining overhead channels 
and the CDM traffic channel are determined as a ratio of the 
transmit power of the specific overhead and CDM channel to 
the transmit power of the pilot channel. The ratios for each 
overhead and CDM channel are determined in accordance 
with simulations, laboratory experiments, field trials and 
other engineering methods known to one of ordinary skills in 
the art. 

Thus for example the power of the CDM Traffic Channel/ 
RRI Channel relative to that of the Pilot Channel for the 
Reverse Traffic Channel depends on the data rate as shown in 
Table 5. 

TABLE 5 

Data Rate Data Channel Gain Relative to Pilot 
(kbps) (dB) 

O -o (Data Channel Is Not Transmitted) 
9.6 DataOffsetNom + DataOffset9k6+ 3.75 

19.2 DataOffsetNom + DataOffset19k2+ 6.75 
38.4 DataOffsetNom + DataOffset.8k4+ 9.75 
76.8 DataOffsetNom + DataOffset76k8+ 13.25 
153.6 DataOffsetNom + DataOffset153k6+18.5 

TDM Traffic Channel Power Control 

The required transmit power of the traffic channel is also 
determined in accordance with the transmit power of the pilot 
channel. In one embodiment, the required traffic channel 
power is computed using the following formula: 

pilot G(r).A. (3) 

where: 
P, is the transmit power of the traffic channel; 
Pit is the transmit power of the pilot channel; 
G(r) is a traffic-to-pilot transmit power ratio for a given 

data rater, and 
A is an estimated rise over thermal (ROT) differential 

between the overhead and traffic transmission intervals. The 
term “rise over thermal' is used herein to mean a difference 
between a noise floor and a total received power as measured 
by the access terminal. 
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The measurement of the ROT in the overhead transmission 
interval (ROToverhead) and the traffic (ROTtraffic) transmis 
sion interval, needed for calculation of A at the access point is 
well known in the art. Such a measurement is described in 
disclosed in U.S. Pat. No. 6,192.249 entitled “Method and 
apparatus for reverse link loading estimation', assigned to the 
assignee of the present invention. Once the noise in both the 
overhead and traffic transmission intervals are measured, the 
A is computed using the following formula: 

(4) 

The computed value of A is then transmitted to the access 
point, e.g. over the legacy RA channel if only access terminals 
operating using TDMA are present in the communication 
system or over the new RA channel if both legacy and new 
access terminals are operating in the communication system. 

Alternatively, the value of A represents an estimate of the 
ROT differential given by Equation (3). An initial value of A 
is determined in accordance with in accordance with simula 
tions, laboratory experiments, field trials and other engineer 
ing methods known to one of ordinary skills in the art. The 
value of A is then adjusted in accordance with the reverse link 
packet error rate (PER) so that a determined PER is main 
tained in a maximum allowed number of transmissions of a 
given packet. The reverse link packet error rate is determined 
in accordance with ACK/NACK of the reverse link packets as 
described above. In one embodiment, the value of A is 
increased by a first determined amount if an ACK has been 
received within N re-transmission attempts of the maximum 
M re-transmission attempts. Similarly, the value of A is 
decreased by a second determined amount if an ACK has not 
been received within N re-transmission attempts of the maxi 
mum M re-transmission attempts. 

From Equation (3) follows that the traffic channel transmit 
power is a function of the data rater. Additionally, an access 
terminal is constrained in maximum amount of transmit 
power (P). Therefore, the access terminal initially deter 
mines how much power is available from the P and the 
determined P. The access terminal then determines the 
amount of data to be transmitted, and selects the data rater in 
accordance with the available power and the amount of data. 
The access terminal then evaluates Equation (3) to determine, 
whether the effect of the estimated noise differential Adid not 
result in exceeding the maximum available power. If the 
maximum available transmit power is exceeded, the access 
terminal decreases the data rater and repeats the process. 

The access point can control the maximum data rate that an 
access terminal can transmit by providing the access terminal 
with a maximum allowed value G(r). A via the legacy RA 
channel if only access terminals operating in TDMA are 
present in the communication system or over the new RA 
channel if both legacy and new access terminals are operating 
in the communication system. 

Alternatively, the AT determines the value of G(r): A in 
accordance with traffic-to-pilot power ratio and the estimate 
of A adjusted in accordance with the reverse link packet error 
rate (PER) determined in accordance with ACK/NACK as 
described above. 

A. -ROT- ROToverhead, 

Packet Decoding Modification 

The above-introduced traffic-to-pilot transmit power ratio 
G(r) for a given data rate r is determined by taking into 
account number of (re)transmissions of a packet for correct 
packet decoding. Therefore, if the packet is to be correctly 
decoded with one transmission, the traffic-to-pilot transmit 
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power ratio is greater than the traffic-to-pilot transmit power 
ratio if one or more transmissions are allowed. 
The number of (re)transmissions determines latency, 

which affects a quality of service (QoS). Because different 
types of packets, e.g., voice packet, file transfer protocol 
packet, and the like, require a different QoS, the different 
types of packets may be assigned different traffic-to-pilot 
transmit power ratios. Thus, for example, when an access 
terminal determines that a voice packet, requiring a certain 
QoS (low latency), is to be transmitted, the access terminal 
utilizes a first traffic-to-pilot transmit power ratio, which is 
greater than a second traffic-to-pilot transmit power ratio 
utilized when an FTP packet, requiring a different QoS (high 
latency) is to be transmitted. 

RRI Channel Power Control 

As discussed above, the RRI channel is time-division 
multiplexed with the traffic channel payload. To avoid the 
need to transmit the RRI portion of the traffic/RRI channel 
time-slot at a different power level than the traffic portion, the 
power distribution between the RRI channel and the traffic 
channel is controlled by the number of chips allocated to the 
RRI channel as a function of the transmitted data rate. 
To ensure correct decoding of a determined number of 

chips comprising a Walsh covered codeword, a required 
power can be determined. Alternatively, if the power for traf 
fic/payload necessary for a transmission is known, and the 
RRI portion of the traffic/RRI channel time-slot is transmitted 
at the same power, the number of chips adequate for reliable 
RRI channel decoding can be determined. Consequently, 
once the data rate and, therefore, the power for transmission 
of the traffic/RRI channel time-slot is determined, so is the 
number of chips allocated to the RRI channel. The access 
terminal generates the five-bit packet type, bi-orthogonally 
encodes the five bits to obtain symbols, and fills the number of 
chips allocated to the RRI channel with the symbols. If the 
number of chips allocated to the RRI channel is greater than 
the number of symbols, the symbols are repeated until all the 
chips allocated to the RRI channel are filled. 

AT and AP Structures 

Access terminal 900 is illustrated in FIG. 9. Forward link 
signals are received by antenna 902 and routed to a front end 
904 comprising a receiver. The receiver filters, amplifies, 
demodulates, and digitizes the signal provided by the antenna 
902. The digitized signal is provided to demodulator (DE 
MOD) 906, which provides demodulated data to decoder 
908. Decoder 908, performs the inverse of the signal process 
ing functions done at an access terminal, and provides 
decoded user data to data sink 910. The decoder further com 
municates with a controller 912, providing to the controller 
912 overhead data. The controller912 further communicates 
with other blocks comprising the access terminal 900 to pro 
vide proper control of the operation of the access terminals 
900, e.g., data encoding, power control. Controller 912 can 
comprise, e.g., a processor and a storage medium coupled to 
the processor and containing a set of instructions executable 
the processor. 
The user data to be transmitted to the access terminal are 

provided by a data source 914 by direction of the controller 
912 to an encoder 916. The encoder 916 is further provided 
with overhead data by the controller 912. The encoder 916 
encodes the data and provides the encoded data to a modula 
tor (MOD) 918. The data processing in the encoder 916 and 
the modulator 918 is carried out in accordance with reverse 
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link generation as described in the text and figures above. The 
processed data is then provided to a transmitter within the 
front end 904. The transmitter modulates, filters, amplifies, 
and transmits the reverse link signal over the air, through 
antenna 902, on reverse link. 
A controller 1000 and an access terminal 1002 is illustrated 

in FIG. 10. The user data generated by a data source 1004, are 
provided via an interface unit, e.g., a packet network inter 
face, PSTN. (not shown) to the controller 1000. As discussed, 
the controller 1000 interfaces with a plurality of access ter 
minals, forming an access network. (Only one assess terminal 
1002 is shown in FIG. 10 for simplicity). The user data are 
provided to a plurality of selector elements (only one selector 
element 1002 is shown in FIG. 10 for simplicity). One selec 
tor element is assigned to control the user data exchange 
between the data source 1004 and data sink 1006 and one or 
more base stations under the control of a call control proces 
sor 1010. The call control processor 1010 can comprise, e.g., 
a processor and a storage medium coupled the processor and 
containing a set of instructions executable the processor. As 
illustrated in FIG. 10, the selector element 1002 provides the 
user data to a data queue 1014, which contains the user data to 
be transmitted to access terminals (not shown) served by the 
access terminal 1002. In accordance with the control of a 
scheduler 1016, the user data is provided by the data queue 
1014 to a channel element 1012. The channel element 1012 
processes the user data in accordance with the IS-856 stan 
dard, and provides the processed data to a transmitter 1018. 
The data is transmitted over the forward link through antenna 
1022. 
The reverse link signals from access terminals (not shown) 

are received at the antenna 1024, and provided to a receiver 
1016. Receiver 1016 filters, amplifies, demodulates, and digi 
tizes the signal, and provides the digitized signal to the chan 
nel element 1016. The channel element 1016 performs the 
inverse of the signal processing functions done at an access 
point, and provides decoded data to selector element 1012. 
Selector element 1012 routes the user data to a data sink906, 
and the overhead data to the call control processor 1010. 
One skilled in the art will appreciate that although the 

flowchart diagrams are drawn in sequential order for compre 
hension, certain steps can be carried out in parallel in an actual 
implementation. 

Those of skill in the art would understand that information 
and signals may be represented using any of a variety of 
different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical fields 
or particles, or any combination thereof. 

Those of skill would further appreciate that the various 
illustrative logical blocks, modules, circuits, and algorithm 
steps described in connection with the embodiments dis 
closed herein may be implemented as electronic hardware, 
computer software, or combinations of both. To clearly illus 
trate this interchangeability of hardware and software, vari 
ous illustrative components, blocks, modules, circuits, and 
steps have been described above generally in terms of their 
functionality. Whether such functionality is implemented as 
hardware or Software depends upon the particular application 
and design constraints imposed on the overall system. Skilled 
artisans may implement the described functionality in vary 
ing ways for each particular application, but such implemen 
tation decisions should not be interpreted as causing a depar 
ture from the scope of the present invention. 
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The various illustrative logical blocks, modules, and cir 

cuits described in connection with the embodiments dis 
closed herein may be implemented or performed with a gen 
eral purpose processor, a digital signal processor (DSP), an 
application specific integrated circuit (ASIC), a field pro 
grammable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform 
the functions described herein. A general purpose processor 
may be a microprocessor, but in the alternative, the processor 
may be any conventional processor, controller, microcontrol 
ler, or state machine. A processor may also be implemented as 
a combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP core, 
or any other Such configuration. 
The steps of a method or algorithm described in connection 

with the embodiments disclosed herein may be embodied 
directly in hardware, in a software module executed by a 
processor, or in a combination of the two. A Software module 
may reside in RAM memory, flash memory, ROM memory, 
EPROM memory, EEPROM memory, registers, hard disk, a 
removable disk, a CD-ROM, or any other form of storage 
medium known in the art. An exemplary storage medium is 
coupled to the processor Such the processor can read infor 
mation from, and write information to, the storage medium. 
In the alternative, the storage medium may be integral to the 
processor. The processor and the storage medium may reside 
in an ASIC. The ASIC may reside in a user terminal. In the 
alternative, the processor and the storage medium may reside 
as discrete components in a user terminal. 
The previous description of the disclosed embodiments is 

provided to enable any person skilled in the art to make or use 
the present invention. Various modifications to these embodi 
ments will be readily apparent to those skilled in the art, and 
the generic principles defined herein may be applied to other 
embodiments without departing from the scope of the 
embodiments. Thus, the present invention is not intended to 
be limited to the embodiments shown herein but is to be 
accorded the widest scope consistent with the principles and 
novel features disclosed herein. 
A portion of the disclosure of this patent document con 

tains material which is Subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Office patent 
file or records, but otherwise reserves all copyright rights 
whatsoever. 
What is claimed is: 
1. A method for transmitting user data from a set of access 

terminals, the method comprising: 
receiving at each of a first Subset of the set of access 

terminals a scheduling decision for an interval, wherein 
at least one time slot of the interval is divided into a first 
portion and a second portion, the first portion compris 
ing overhead channels; 

selecting at each of the first Subset of access terminals a 
mode for data multiplexing, wherein 
a first mode comprises building user data into the first 

portion of the time slot using a multiplexing format; 
a second mode comprises building user data into at least 

one sub-division of the second portion of the timeslot, 
wherein each of the at least one sub-division is asso 
ciated with the multiplexing format; and 

a third mode comprises building user data into the first 
portion of the timeslot and the second portion of the 
time slot; and 
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transmitting from at least one of the first Subset of access 
terminals the user data in the interval using the selected 
mode of data multiplexing in accordance with the sched 
uling decision. 

2. The method of claim 1, wherein said receiving at each of 
a first Subset of the set of access terminals a scheduling 
decision for an interval includes: 

receiving at each of the first subset of the set of access 
terminals at least a primary first channel; and 

extracting information from the received primary first 
channel. 

3. The method of claim 2, further comprising extracting 
information from the received at least one supplemental first 
channel. 

4. The method of claim 1, wherein said building user data 
into the first portion of the timeslot using multiplexing format 
includes building user data using code division multiplex 
(CDM). 

5. The method of claim 1, wherein the least one sub 
division of the second portion of the time slot is determined in 
accordance with the scheduling decision. 

6. The method of claim 5, wherein said building user data 
into at least one sub-division of the second portion of the time 
slot includes building user data into the entire second portion 
of the time slot. 

7. The method of claim 5, wherein said building user data 
into at least one sub-division of the second portion of the time 
slot includes: 

extracting information from a received at least one Supple 
mental first channel; and 

determining the at least one sub-division in accordance 
with the extracted information. 

8. The method of claim 1, wherein each of the least one 
Sub-division is associated with at least one of code-division 
multiplex (CDM), time division multiplex (TDM), and 
orthogonal frequency division multiplex (OFDM). 

9. The method of claim 8, wherein said building user data 
into the at least one sub-division using TDM includes build 
ing the user data when a rate of the user data is below a 
threshold. 

10. The method of claim 9, wherein said building user data 
into the at least one sub-division using OFDM includes build 
ing the user data when a rate of the user data is not below a 
threshold. 

11. The method of claim 1, wherein said building user data 
into the first portion of the time slot and the second portion of 
the time slot includes building user data originated from a 
data source into the first portion of the timeslot and into the at 
least one sub-division of the second portion of the time slot. 

12. The method of claim 1, wherein said building user data 
into the first portion of the time slot and the second portion of 
the time slot includes: 

building user data originated from a first data source into 
the first portion of the time slot; and 

building user data originated from a second data source 
into at least one of the at least one sub-division of the 
second portion of the time slot. 

13. The method of claim 1, wherein said transmitting from 
at least one of the first Subset of access terminals user data in 
the interval using the selected mode of data multiplexing in 
accordance with the scheduling decision includes: 

extracting information from the received primary first 
channel; and 

transmitting the user data from access terminals in accor 
dance with the extracted information. 

14. The method of claim 1, wherein said transmitting from 
at least one of the first Subset of access terminals user data in 
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the interval using the selected mode of data multiplexing in 
accordance with the scheduling decision includes transmit 
ting the user data from access terminals that received a per 
mission to transmit. 

15. The method of claim 1, wherein said transmitting from 
at least one of the first Subset of access terminals user data in 
the interval using the selected mode of data multiplexing in 
accordance with the scheduling decision comprises includes 
transmitting the user data from access terminals that selected 
the first mode of data multiplexing and received a denial to 
transmit. 

16. The method of claim 1, further comprising transmitting 
from a second Subset of access terminals user data in the 
interval using the first mode of data multiplexing, wherein the 
second subset is mutually exclusive from the first subset. 

17. The method of claim 1, further comprising transmitting 
the user data from a third subset of the set of access terminals, 
the third subset mutually exclusive from the first subset and 
the second Subset. 

18. An apparatus for transmitting user data from a set of 
access terminals, the apparatus comprising: 

a first set of access terminal, each of the first set of access 
terminals comprising: 

a receiver, 
a transmitter, 
a storage media configured to store instructions; and 
at least one processor coupled to the receiver and the stor 

age media, capable of processing a set of the instructions 
tO: 

obtain from a signal provided by the receiver a scheduling 
decision for an interval, wherein at least one time slot of 
the interval is divided into a first portion and a second 
portion, the first portion comprising overhead channels; 

select a mode for data multiplexing, wherein 
a first mode comprises building user data into the first 

portion of the time slot using a multiplexing format; 
a second mode comprises building user data into at least 

one sub-division of the second portion of the timeslot, 
wherein each of the at least one sub-division is asso 
ciated with the multiplexing format; and 

a third mode comprises building user data into the first 
portion of the timeslot and the second portion of the 
time slot and 

cause the transmitter to transmit user data in the interval 
using the selected mode of data multiplexing in accor 
dance with the scheduling decision. 

19. The apparatus of claim 18, wherein said receiver is 
configured to: 

receive at least a primary first channel; 
extract information from the received primary first chan 

nel; and 
provide the extracted information to the at least one pro 
CSSO. 

20. The apparatus of claim 19, wherein said receiver is 
configured to extract information from the received at least 
one Supplemental first channel. 

21. The apparatus of claim 18, wherein the building user 
data into the first portion of the time slot includes the use of 
code division multiplex (CDM). 

22. The apparatus of claim 18, wherein the building user 
data into at least one sub-division of the second portion of the 
interval time slot includes: 

determining the at least one sub-division in accordance 
with the scheduling decision; and 

building the user data into the determined at least one 
sub-division. 
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23. The apparatus of claim 22 wherein the building user 
data into the determined at least one sub-division includes 
processing a set of instructions for building the user data into 
the entire second portion of the time slot. 

24. The apparatus of claim 22, wherein the at least one 5 
processor determines the at least one sub-division in accor 
dance with the scheduling decision by processing instructions 
to: 

process the extracted information from the at least one 
Supplemental first channel; and 10 

determine the at least one sub-division in accordance with 
the extracted information. 

25. The apparatus of claim 18, wherein the at least one 
processor causes building user data into at least one sub 
division of the second portion of the timeslot by processing a 15 
set of instructions to: 

associate each of the at least one sub-division of the second 
portion of the time slot with one of code-division mul 
tiplex (CDM), time division multiplex (TDM), and 
orthogonal frequency division multiplex (OFDM); and 20 

build data into each of the at least one sub-division using 
the associated multiplex format. 

26. The apparatus of claim 25, wherein the at least one 
processor causes building user data into the at least one sub 
division using TDM by processing a set of instructions to 25 
build user data when a rate of user data is below a threshold. 

27. The apparatus of claim 25, wherein the at least one 
processor causes building user data into the at least one sub 
division using OFDM by processing a set of instructions to 
build user data when a rate of user data is not below a thresh- 30 
old. 

28. The apparatus of claim 25 wherein the at least one 
processor causes the transmitter to transmit user data in the 
interval using the selected mode of data multiplexing in 
accordance with the scheduling decision by processing a set 35 
of instructions to transmit the user data when the first mode of 
data multiplexing was selected and the scheduling decision is 
a denial to transmit. 

29. The apparatus of claim 18, wherein the at least one 
processor causes building user data into the first portion of the 40 
time slot and the second portion of the time slot by processing 
a set of instructions to build user data originated from a data 
source into the first portion of the interval and into the at least 
one sub-division of the second portion of the interval. 

30. The apparatus of claim 18, wherein the at least one 45 
processor causes building user data into the first portion of the 
time slot and the second portion of the time slot by processing 
a set of instructions to: 

cause building user data originated from a first data source 
into the first portion of the interval; and 50 

cause building user data originated from a second data 
Source into at least one of the at least one sub-division of 
the second portion of the interval. 

31. The apparatus of claim 18, wherein the at least one 
processor causes the transmitter to transmit user data in the 55 
interval using the selected mode of data multiplexing in 
accordance with the scheduling decision by processing a set 
of instructions to: 

process the extracted information from the received pri 
mary first channel; and 60 

cause the transmitter to transmit the user data in accor 
dance with the extracted information. 

32. The apparatus of claim 18, wherein the at least one 
processor causes the transmitter to transmit user data in the 
interval using the selected mode of data multiplexing in 

42 
accordance with the scheduling decision by processing a set 
of instructions to transmit the user data when the scheduling 
decision is a permission to transmit. 

33. The apparatus of claim 18 wherein the at least one 
processor is further configured to process a set of instructions 
to: 

ignore processing of the signal provided by the receiver to 
obtain a scheduling decision for an interval; and 

cause the transmitter to transmit user data in the interval 
using the first mode of data multiplexing. 

34. The apparatus of claim 18, further comprising: 
a second set of access terminals, each of the second set of 

access terminals comprising: 
a receiver; 
a transmitter; 
a storage media configured to store instructions; and 
at least one processor coupled to the receiver and the stor 

age media, for processing a set of the instructions to 
transmit the user data. 

35. The apparatus of claim 34 wherein the user data are 
transmitted using code-division multiple access. 

36. The apparatus of claim 35 wherein the user data are 
transmitted using a code-division multiple-access in accor 
dance with IS-856 standard. 

37. An apparatus for transmitting user data, the apparatus 
comprising: 
means for receiving a scheduling decision for an interval, 

wherein at least one time slot of the interval is divided 
into a first portion and a second portion, the first portion 
comprising overhead channels: 

means for selecting a mode for data multiplexing, wherein 
a first mode comprises building user data into the first 

portion of the time slot using a multiplexing format; 
a second mode comprises building user data into at least 

one sub-division of the second portion of the timeslot, 
wherein each of the at least one sub-division is asso 
ciated with the multiplexing format; and 

a third mode comprises building user data into the first 
portion of the time slot and the second portion of the 
time slot; and 

means for transmitting the user data in the interval using 
the selected mode of data multiplexing in accordance 
with the scheduling decision. 

38. A computer-program product for transmitting user 
data, the computer-program product comprising a computer 
readable medium having instructions thereon, the instruc 
tions comprising: 

code for receiving a scheduling decision for an interval, 
wherein at least one time slot of the interval is divided 
into a first portion and a second portion, the first portion 
comprising overhead channels; 

code for selecting a mode for data multiplexing, wherein 
a first mode comprises building user data into the first 

portion of the time slot using a multiplexing format; 
a second mode comprises building user data into at least 

one sub-division of the second portion of the timeslot, 
wherein each of the at least one sub-division is asso 
ciated with the multiplexing format; and 

a third mode comprises building user data into the first 
portion of the time slot and the second portion of the 
time slot; and 

code for transmitting the user data in the interval using the 
selected mode of data multiplexing in accordance with 
the scheduling decision. 
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