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(57) ABSTRACT 

A method for transmitting data from a sender to a receiver 
over a channel. The method includes identifYing the receiver, 
obtaining an initiation correlated symbol sequence (CSS) 
associated with the receiver, transmitting the initiation CSS, 
where the sender and the receiver are configured to commu
nicate over the channel, where the channel is a frequency 
band in a radio-frequency spectrum. The method further 
includes receiving a first reservation CSS from the receiver 
signaling that the receiver has reserved the channel in order to 
receive the data from the sender. In response to receiving the 
first reservation CSS, transmitting the data to the receiver, and 
receiving an acknowledgment CSS from the receiver signal
ing that the receiver has received the data from the sender . 
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METHOD AND SYSTEM FOR WIRELESSLY 
TRANSMITTING DATA 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

2 

The invention was made with government support under 
Grant Number CNS-0721894 awarded by the National Sci
ence Foundation. The government has certain rights in the 
invention. 

The invention was made with government support under 
Grant Number CNS-0751173 awarded by the National Sci
ence Foundation. The government has certain rights in the 
invention. 

frequency band in a radio-frequency spectrum, in response to 
receiving the initiation CSS, transmitting a reservation CSS 
to the sender signaling that the receiver has reserved the 
channel in order to receive the data from the sender, in 
response to transmitting the reservation CSS, receiving the 
data from the sender, and after the data has been received: 
transmitting an acknowledgment CSS to the sender signaling 
that the receiver has received the data from the sender, trans
mitting a Channel Free CSS from the receiver signaling that 
the channel is no longer reserved by the receiver. 

10 
In general, in one aspect, the invention relates to a system. 

The system includes a sender, a receiver, and a second 
receiver, wherein the sender is a first communication device, 
the receiver is a second communication device, and the sec
ond receiver is a third communication device, wherein the 

BACKGROUND 

Wireless communication protocols such as IEEE 802.11 

15 sender, the receiver, and the second receiver are configured to 
communicate over the channel, wherein the channel is a fre
quency band in a radio-frequency spectrum. The sender is 
configured to identifY the receiver, obtain an initiation corre
lated symbol sequence (CSS) associated with the receiver, are designed to support communication between multiple 

devices operating over the same channel (i.e., a frequency 
band in a radio-frequency spectrum). In order to transmit data 
over the channel between two devices when multiple devices 
are operating the same channel, a channel reservation mecha
nism is used. One such channel reservation mechanism uses 
Ready to Send (RTS) and Clear to Send (CTS) control mes- 25 

sages to reserve the channel in order to enable the two devices 

20 transmit the initiation CSS over the channel, receive a reser
vation CSS from the receiver signaling that the receiver has 
reserved the channel in order to receive the data from the 
sender, in response to receiving the reservation CSS, transmit 

to communicate with minimal or no collisions. 
The RTS control message includes, among other informa

tion, the following: preambles, frame control information, 
duration information, the address of the transmitting device, 30 

and the address of the receiving device. The CTS control 
message includes, among other information, the following: 
preambles, frame control information, duration information, 
and the address of the receiving device. The devices that 
receive the RTS control message and/or the CTS control 35 

message must receive and subsequently decode the control 
message where the decoding is performed in a media access 
control (MAC) layer that is located in a data link layer (DLL) 
of the devices receiving the message. 

The amount of information conveyed in the RTS control 40 

message and CTS control message results in a relatively large 
overhead (both in terms of information transferred, the use of 
physical layer preambles, and processing time required) and, 
as a result, degrades performance of the wireless communi
cation between devices over the channel. 

SUMMARY 

45 

the data to the receiver, receive an acknowledgment CSS from 
the receiver signaling that the receiver has received the data 
from the sender, receive a Channel Free CSS from the 
receiver signaling that the channel is no longer reserved by the 
receiver. The receiver configured to receive the initiation 
CSS, transmit the reservation CSS to the sender, receive the 
data from the sender, and after the data has been received 
transmit the acknowledgment CSS over the channel, transmit 
the Channel Free CSS over the channel. The second receiver 
configured to receive the initiation CSS, the reservation CSS, 
the acknowledgement CSS, and the Channel Free CSS over 
the channel, wherein the second receiver cannot correlate the 
initiation CSS, wherein the second receiver is able to correlate 
the reservation CSS, wherein the second receiver cannot cor
relate the acknowledgment CSS, and wherein the second 
receiver is able to correlate the Channel Free CSS. 

Other aspects of the invention will be apparent from the 
following description and the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. lA and lB show system configurations in accor
dance with one or more embodiments of the invention. 

FIG. 2 shows a communication device in accordance with 
one or more embodiments of the invention. 

FIG. 3A shows reservation primitives in accordance with 
50 one or more embodiments of the invention. FIG. 3B shows an 

In general, in one aspect, the invention relates to a method 
for transmitting data from a sender to a receiver over a chan
nel, identifYing the receiver, obtaining an initiation correlated 
symbol sequence (CSS) associated with the receiver, trans
mitting the initiation CSS, wherein the sender and the receiver 
are configured to communicate over the channel, wherein the 
channel is a frequency band in a radio-frequency spectrum, 55 

receiving a first reservation CSS from the receiver signaling 
that the receiver has reserved the channel in order to receive 
the data from the sender, in response to receiving the first 
reservation CSS, transmitting the data to the receiver, and 
receiving an acknowledgment CSS from the receiver signal- 60 

ing that the receiver has received the data from the sender. 
In general, in one aspect, the invention relates to a method 

for receiving data by a receiver from a sender over a channel. 
The method includes receiving an initiation correlated sym
bol sequence (CSS) from the sender over the channel, 65 

wherein sender and the receiver are configured to communi
cate wirelessly over the channel, wherein the channel is a 

example of reservation primitives used to reserve a channel in 
accordance with one or more embodiments of the invention. 

FIG. 4 shows a flowchart of a method for transmitting data 
from the perspective of a sender in accordance with one or 
more embodiments of the invention. 

FIG. 5. shows a flowchart of a method for receiving data 
from the perspective of a receiver in accordance with one or 
more embodiments of the invention. 

FIGS. 6A and 6B show an example for transmitting data in 
accordance with one or more embodiments of the invention. 

FIG. 7 shows an example of transmitting data in accor
dance with one or more embodiments of the invention. 

DETAILED DESCRIPTION 

Specific embodiments of the invention will now be 
described in detail with reference to the accompanying fig-
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ures. In the following detailed description of embodiments of 
the invention, numerous specific details are set forth in order 
to provide a more thorough understanding of the invention. 
However, it will be apparent to one of ordinary skill in the art 
that the invention may be practiced without these specific 
details. In other instances, well-known features have not been 
described in detail to avoid unnecessarily complicating the 
description. 

In the following description of FIGS. 1-7, any component 
described with regard to a figure, in various embodiments of 
the invention, may be equivalent to one or more like-named 
components described with regard to any other figure. For 
brevity, descriptions of these components will not be repeated 
with regard to each figure. Thus, each and every embodiment 

4 
primitives to communication devices B and C (102, 104). 
When acting as a receiver, communication device A (100) 
may receive data and correlate reservation primitives from 
communication devices Band C (102, 104). 

In one embodiment of the invention, communication 
device B (102) may act as a sender and/or a receiver. When 
acting as a sender, communication device B (102) may trans
mit data to communication device A (100) but not to commu
nication device C (104). Said another way, communication 

10 device B (102) may include one or more reservation primi
tives necessary to initiate reservation of the channel, but 
either communication B (102) or communication device C 
(104) does not include a correlator(s) configured to correlate 
at least one of the reservation primitives necessary to reserve 

15 the channel to enable data to be transferred between commu-of the components of each figure is incorporated by reference 
and assumed to be optionally present within every other fig
ure having one or more like-named components. Addition
ally, in accordance with various embodiments of the inven
tion, any description of the components of a figure is to be 
interpreted as an optional embodiment which may be imple- 20 

mented in addition to, in conjunction with, or in place of the 
embodiments described with regard to a corresponding like
named component in any other figure. 

nication devices Band C. When acting as a receiver, commu
nication device B (102) may receive data from communica
tion device A (100) but not from communication device C 
(104). However, regardless of whether communication 
device B (102) is acting as a sender or receiver, communica
tion device B (102) may transmit certain reservation primi-
tives (e.g., reservation CSS and channel free CSS) to com
munication device C (104) and communication device B 
(102) may correlate certain reservation primitives (e.g., res
ervation CSS and channel free CSS) from communication 
device C (104). 

In general, embodiments of the invention relate to a method 
and system for wirelessly transmitting data. More specifi- 25 

cally, embodiments of the invention relate to a method and 
system for reserving a channel to enable one communication 
device to transmit data to another communication device, 
where reserving the channel includes using reservation primi
tives. Further, embodiments of the invention relate to reserv- 30 

ing the channel by transmitting the reservation primitives in a 
particular sequence and at particular times. 

In one embodiment of the invention, communication 
device C (104) may act as a sender and/or a receiver. When 
acting as a sender, communication device C (104) may trans
mit data to communication device A (100) but not to commu
nication device B (102). Said another way, communication 
device C (104) may include one or more reservation primi
tives necessary to initiate reservation of the channel, but 
either communication B (102) or communication device C 
(104) does not include a correlator(s) configured to correlate 
at least one of the reservation primitives necessary to reserve 

As used in this application, the term sender(s) refers to a 
communication device that is transmitting data (which is 
distinct from reservation primitives) to a receiver. As used in 35 

this application, the term receiver(s) refers to a communica
tion device that receives data (which is distinct from reserva
tion primitives) from a sender or to which the data is being 
sent or otherwise transmitted from the sender. Those skilled 

the channel to enable data to be transferred between commu
nication devices Band C. When acting as a receiver, commu
nication device C (104) may receive data from communica-

in the art will appreciate that a single communication device 
may be configured to operate as both a sender and receiver. 

As used in this application, the term medium refers to the 
radio-frequency spectrum that is the part of the electromag
netic spectrum corresponding to radio frequencies. The radio 
frequency spectrum may include, but is not limited to, fre
quencies at or above 3 Hz and at or below 300 GHz. 

As used in this application, a channel corresponds to a 
frequency band in the radio frequency spectrum. The width of 
the frequency band may vary based on the implementation of 
the channel. 

FIGS. 1A and 1B show system configurations in accor
dance with one or more embodiments of the invention. Refer
ring to FIG. 1A, the system includes three communication 
devices (100, 102, 104). In the configuration shown in FIG. 
1A, communication device A (100) may be acting as a wire
less access point (AP). In one embodiment of the invention, 
the wireless AP functions as a bridge between the communi
cation devices (102, 104) and another network (not shown). 
The wirelessAP may be connected directly or indirectly to the 
other network. Alternatively, or additionally, the wireless AP 
may be connected to another wireless AP (not shown), which 
in tum is connected to other communication devices. 

All communication devices in FIG. 1A communicate with 
each other using one or more channels. In one embodiment of 
the invention, communication device A (100) may act as a 
sender and/or a receiver. When acting as a sender, communi
cation device A (100) may transmit data and reservation 

40 tion device A (100) but not from communication device B 
(102). However, regardless of whether communication 
device C (104) is acting as a sender or receiver, communica
tion device C (104) may transmit certain reservation primi
tives (e.g., reservation CSS and channel free CSS) to com-

45 munication device B (102) and communication device C 
(104) may correlate certain reservation primitives (e.g., res
ervation CSS and channel free CSS) from communication 
device B (102). 

Those skilled in the art will appreciate that while commu-
50 nication device B (102) and communication device C (104) 

may not directly transmit data to each other, communication 
device B (102) and communication device C (104) may trans
mit data to each other via communication device A (100). 

Referring to FIG.1B, FIG.1B shows a system that includes 
55 four communication devices (106, 108,110, 112)inanadhoc 

configuration. In this configuration, the communication 
devices communicate directly with each other (as opposed to 
communicating via a wireless AP). While the particular ad 
hoc configuration shown in FIG. 1B corresponds to a fully 

60 connected mesh, embodiments of the invention may be 
implemented using any ad hoc configuration without depart
ing from the invention. Further, while the particular ad hoc 
configuration shown in FIG. 1B indicates that all communi
cation devices communicate bi-directionally (i.e., each com-

65 munication device may act as sender or receiver) with all 
other communication devices, embodiments of the invention 
may be implemented in which one or more communication 
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devices only communicates uni-directionally (i.e., only acts a 
sender or receiver) with one or more other communication 
devices without departing from the invention. 

6 
in FIGS. 4 and 5. The MAC layer may be implemented using 
software instructions stored in the persistent storage (208) 
and executed by the processor (204). Alternatively, the MAC 
layer may be implemented using an integrated circuit (e.g., 
but not limited to, Application-Specific Integrated Circuits), 
Field Program Gate Array (FPGA), or any other specialized 
hardware. Those skilled in the art will appreciate that the 
MAC layer may be implemented using a combination of 
software and hardware (i.e., integrated circuits, FPGAs, spe-

FIG. 2 shows a communication device in accordance with 
one or more embodiments of the invention. In one embodi
ment of the invention, the communication device includes 
functionality to implement one or more embodiments of the 
invention. The communication device may correspond to any 
device that includes functionality to implement embodiments 
of the invention and, in particular, includes functionality to 
transmit and/or receive data and reservation primitives over 
one or more channels. Examples of communication devices 
may include, but are not limited to, a phone, smart phone, a 
laptop, a wireless access point, a wireless router, a gaming 
console, a set top box, a television, a tablet computer, and a 
desktop computer. 

10 cialized hardware) without departing from the invention. 
Depending on the implementation of the communication 

device, the communication device may have multiple com
munication interfaces. In such cases, one or more of the 
communication interfaces may be a wired communication 

In one embodiment of the invention, the communication 
device may include the following components: a communi
cation interface (210), a persistent storage (208), a memory 
(206), a processor (204), and a user interface (202). The 
communication device may include greater, fewer, or differ
ent components than shown in FIG. 2 without departing from 
the invention. Each of the aforementioned components is 
described below. 

15 interface, e.g., an interface that support Ethernet, or a wireless 
communication interface that supports IEEE 802.11 and/or 
other wireless protocols such as Bluetooth®. The communi
cation device may support other communication protocols 
without departing from the invention. (Bluetooth® is a reg-

20 istered trademark ofB!uetooth SIG., Inc.) 

In one embodiment of the invention, the communication 25 

interface (210) includes a physical layer and a media access 
control (MAC) layer. The physical layer includes one or more 
antennas configured to transmit and/or receive data and res
ervation primitives. In addition, the physical layer includes 
one or more correlators configured to detect receipt of various 30 

reservation primitives using cross-correlation (i.e., function
ality to measure the similarity of two waveforms of a signal as 
a function of a time-lag applied to one of them). More spe
cifically, a correlator is configured to compare a received 
signal with a known sequence (i.e., a reservation primitive) to 35 

generate a numerical value. This numerical value is compared 
against a threshold and, if the numerical value exceeds the 
threshold, then the received signal is deemed to match the 
known signal (i.e., the correlator has correlated the signal). 
The value of threshold may be set based on the implementa- 40 

tion of the invention. However, in general, a higher value of 
the threshold decreases the probability of false positives at the 
expense of a large probability offalse negatives; vice versa, a 
lower threshold increases the occurrence of false positives. In 
one embodiment of the invention, the theory of correlation in 45 

Gaussian noise may be used to determine an optimal thresh
old for a signal detection at a Signal to Interference plus Noise 
Ratio (SINR). Other methods may be used to determine the 
optimal threshold without departing from the invention. 

In one embodiment of the invention, by enabling correla- 50 

tion in the physical layer, the communication device is able to 
(i) reduce processing time for the reservation primitives as 
they do not need to be decoded by the MAC layer (as com
pared with RTS and CTS control messages, (ii) receive and 
correlate reservation primitives from any communication 55 

device while receiving data from a communication device. 
For purposes of this invention, if a correlator is able to 

detect the signal then the correlator is deemed to be able to 
correlate. In contrast, if the correlator is unable to detect the 
signal (i.e., it appears as white noise the correlator) then the 60 

correlator is deemed to be unable to correlate the signal. In 
one embodiment of the invention, the physical layer may 
include at least four correlators---one for each type of reser
vation primitive. In one embodiment of the invention, the 
MAC layer includes functionality to take various actions 65 

based upon receipt (or non-receipt) of various reservation 
primitives and data as described with respect to various steps 

In one embodiment of the invention, the communication 
interface is configured to transmit signals (corresponding to 
reservation primitives and/or data). The distance that the sig
nal may travel and still be detected by a receiver refers to the 
transmission range. 

In one embodiment of the invention, the persistent storage 
(208) corresponds to any non-volatile storage. Examples of 
persistent storage include, but are not limited to, magnetic 
storage, optical storage, solid state storage, phase change 
storage, any other suitable type of persistent storage, or any 
combination thereof. In one embodiment of the invention, the 
persistent storage (208) may include software instructions to 
implement at least a portion of the MAC layer. Further, the 
persistent storage (208) may include software instructions to 
implement other functionality of the communication device. 
The persistent storage (208) may also include a Correlated 
Symbol Sequence (CSS) dictionary (described below). 

In one embodiment of the invention, the memory (206) 
corresponds to any volatile memory including, but not limited 
to, Dynamic Random-Access Memory (DRAM), Synchro
nous DRAM, SDR SDRAM, and DDR SDRAM. In one 
embodiment of the invention, the memory (206) is configured 
to temporarily store information as required to implement the 
functionality of the communication device. In one or more 
embodiments of the invention, the memory may also be con
figured to store all or a portion of a CSS dictionary. 

In one embodiment of the invention, the processor (204) 
corresponds to any processor (single or multi-core) config
ured to execute the aforementioned software. In one embodi
ment of the invention, the processor (204) has a complex 
instruction set computing (CISC) architecture. In another 
embodiment of the invention, the processor (204) has a 
reduced instruction set computing (RISC) processor. In one 
embodiment of the invention, the processor (204) has an 
Advanced RISC Machine (ARM) architecture. ARM is a 
registered trademark of ARM Ltd. 

In one embodiment of the invention, the user interface 
(202) may include a display (not shown) and/or a keyboard 
(not shown). In one embodiment of the invention, the display 
corresponds to any output device that includes functionality 
to at least output alpha characters (either in the English alpha-
bet, an alphabet of another language, or characters in another 
language) and/or numeric characters (either Arabic numerals, 
or other characters in another language that correspond to 
Arabic numerals). In one embodiment of the invention, the 
display is also configured to receive input directly from a user, 
for example, via a stylus or finger(s). In such embodiments 
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the display may be a touch screen display implemented, for 
example, as a resistive touch screen or a capacitive touch 
screen. The size of the display may vary based on the imple
mentation of the communication device. 

8 
ment of the invention, there are two classes of reservation 
primitives-private and public. Denoting a reservation primi
tive as private or public signifies whether a given reservation 
primitive can be correlated by a given receiver. In one 
embodiment of the invention, a reservation primitive that is 
denoted as private can only be correlated by a single receiver 
(or a single receiver within the transmission range of the 
communication device that transmitted the private reserva-
tion primitive). All other communication devices that receive 
the private reservation primitive view it as white noise. In 
contrast, a reservation primitive that is denoted as public can 
be correlated by all receivers (or all receivers within the 
transmission range of the communication device that trans-

In one embodiment of the invention, the keyboard is any 
input device that includes alpha characters (either in the 
English alphabet, an alphabet of another language, or char
acters in another language) and numeric characters (either 
Arabic numerals, or other characters in another language that 
correspond to Arabic numerals). In one embodiment of the 10 

invention, the keyboard is a QWERTY keyboard. In one 
embodiment of the invention, the keyboard may be combined 
with the display. For example, the display may include a 
virtual keyboard. Alternatively, the keyboard may be distinct 
from the display. 15 mitted the public reservation primitive). 

Those skilled in the art will appreciate that while the com
munication device (200) is described above as including vari
ous components, the components of the communication 
device may vary based on the type of communication device. 
For example, if the communication device is a wireless router, 20 

then it may not include a user interface but may include 
multiple communication interfaces implementing embodi
ments of the invention. Alternatively, if the communication 
device is a tablet, then it may include a user interface such as 
a touch screen and one or more communication interfaces 25 

implementing embodiments of the invention. 
In one or more embodiments of the invention, reservation 

primitives are used to manage charmel reservation. The par
ticular reservation primitives stored on a given communica
tion device are collectively referred to a CSS dictionary. The 30 

particular reservation primitives stored in the CSS dictionary 
include reservation primitives that the communication device 
must transmit in order to reserve a charmel (see FIGS. 3A-5) 
and reservation primitives that the communication device 
must be able to correlate (or otherwise detect) (see FIGS. 35 

3A-5). The contents of the CSS dictionary may vary over 
time. Further, the content of the CSS dictionary may be gen
erated on the communication device and/or may be provided 
to the communication device from an external entity (e.g., 
another communication device or another device that is not a 40 

communication device). 

In one embodiment of the invention, there are four types of 
the reservation primitives which are used to reserve a charmel, 
the four types of reservation primitives include: Initiation 
CSS (R) (304), Reservation CSS (306A, 306N), Charmel Free 
CSS (308A, 308N), and Acknowledgement CSS (S) (310). 
Though not necessary to implement the invention, a fifth 
reservation primitive-i.e., a negative acknowledgement 
CSS may be also used in various embodiments of the inven
tion (see FIG. 5, Step 506). Each of the aforementioned 
reservation primitives is described below. 

Turning to FIG. 3A, FIG. 3A shows the reservation primi
tives required to reserve a charmel from the transmission of 
data between the sender (300) and the receiver (302). For 
purposes ofFIG. 3A, the reservation primitives are associated 
with the communication device (denoted as sender (300) and 
receiver (302)) that is transmitting the particular reservation 
primitives. 

The sender (300) is configured to transmit an Initiation 
CSS (R) (304) in order to signal theparticularreceiverthatthe 
sender (300) would like to reserve a charmel in order to 
transmit data to the receiver. The Initiation CSS (R) (304) is a 
private reservation primitive that can only be correlated by a 
particular receiver. 

The receiver (302) is configured to transmit a Reservation 
CSS (306A, 306N) in order to signal to the sender and all 
other communication devices within the transmission range 
that the receiver (302) has reserved the channel. The receiver 
(302) is configured to transmit a Channel Free CSS (308A, 
308N) in order to signal to the sender and all other commu-

In one embodiment of the invention, each reservation 
primitive is a binary sequence where: (i) the signal (generated 
from the binary sequence) is easy to distinguish from a time
shifted version of itself and (ii) the signal is easy to distin
guish from other signals. In one embodiment of the invention, 
each reservation primitive is deterministically generated but 
may retain the statistical properties of sampled white noise. 
Further, cross-correlation (or other similar methods) may be 
used to determine whether a given signal (generated from a 
binary sequence) is received by a receiver (described below in 
FIGS. 4 and 5). In one embodiment of the invention, an 
existing set of control commands (which are not CSSes) used 
to reserve a channel may be converted or otherwise mapped to 
a set of reservation primitives and subsequently used to 
implement one or more embodiments of the invention. 

45 nication devices within the transmission range that the 
receiver (302) has freed the channel. In one embodiment of 
the invention, the receiver (302) includes multiple Reserva
tion CSSes (306A, 306N) and multiple Channel Free CSSes 
(308A, 308N). In such cases, each Reservation CSS may be 

In one embodiment of the invention, each reservation 
primitive is part of a set of binary sequences, where the set of 
binary sequences are Gold Codes that have a length of 127-
bits. In another embodiment of the invention, the set ofbinary 
sequences are Kasami codes that have a length of 255-bits. 
Those skilled in the art will appreciate that other Gold or 
Kasami sequences with different lengths, or types of codes, or 
other binary sequences, such as m-sequences, with different 
lengths may be used without departing from the invention. 

FIG. 3A shows reservation primitives in accordance with 
one or more embodiments of the invention. In one embodi-

so associated with a corresponding Channel Free CSS---collec
tively, this pair may be referred to a charmel reservation pair. 
Accordingly, if the receiver (302) transmits a Reservation 
CSS, then only the Channel Free CSS that is in the channel 
reservation pair may be used to free the charmel. The Reser-

55 vation CSS and the Charmel Free CSS are public reservation 
primitives. 

The receiver (310) is configured to transmit an Acknowl
edgment CSS (S) (310) in order to signal to the particular 
sender (300) that the receiver (302) has received that data 

60 from the sender. The Acknowledgment CSS (S) (310) is a 
private reservation primitive that can only be correlated by a 
particular sender. 

In one embodiment of the invention, for each direction of 
communication between two communication devices, at least 

65 one Initiation CSS (R) and one Acknowledgement CSS (S) is 
required. However, the same Reservation CSS and Channel 
Free CSS may be used for communication in both directions. 
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FIG. 3B shows an example of the various reservation 
primitives present at each communication device and what 
reservation primitives the particular communication device 
must be able to correlate in order to reserve a channel. The 
example is included to describe various aspects of one or 
more embodiments of the invention but is not intended to 
limit the scope of invention. 

10 
munication devices may be able to transmit and/or correlate 
any CSS without departing from the invention. 

In addition to the above primitives, reserving a channel also 
includes transmitting and/or receiving a reservation primitive 
in a particular sequence and/or at a particular time (which 
may be a relative time or an absolute time). The sequence of 
reservation primitives that must be transmitted or received to 
reserve the channel along with the timing of transmitting or 
receiving the reservation primitives is described below in 

10 FIGS. 4-5. 

Turning to FIG. 3B, consider the scenario in which com
munication device A ( CDA ), communication device B (CD B) 
and communication device C (CDC) are configured to com
municate over the same channel. More specifically, CDA is 
configured to communicate bi-directionally with CDB (over 
Link 1) and CDC (over Link 3). In addition, CDB is config
ured to communicate uni-directionally with CDC (over Link 

15 
2). In this context, bi-directional communication refers to the 
ability for a pair of communication devices to transmit and 
receive data (distinct from reservation primitives) from each 
other. Alternatively, uni-directional communication refers to 
the ability for one communication device to transmit data 
(distinct from reservation primitives) to another communica
tion device, but not to receive data from this communication 
device. FIG. 3B shows the various reservation primitives each 

FIGS. 4-5 show flowcharts in accordance with one or more 
embodiments of the invention. While the various steps in the 
flowcharts are presented and described sequentially, one of 
ordinary skill will appreciate that some or all of the steps may 
be executed in different orders, may be combined or omitted, 
and some or all of the steps may be executed in parallel. 

FIG. 4 shows a flowchart of a method for transmitting data 
from the perspective of a sender in accordance with one or 
more embodiments of the invention. FIG. 5 shows a flowchart 

20 of a method for receiving data from the perspective of a 
receiver in accordance with one or more embodiments of the 
invention. 

Turning to FIG. 4, in Step 400, a determination is made 
about whether the channel is free. In one embodiment of the 
invention, the channel is free if the sender is not awaiting a 
Channel Free CSS. Those skilled in the art will appreciate that 
any other form of physical or virtual carrier sensing may be 
used without departing from the invention. If the channel is 
free the process proceeds to Step 404 (or 406); otherwise, the 

of the communication devices must be able to transmit and/or 
correlate in order to transmit data and/or receive data in accor- 25 

dance with one or more embodiments of the invention. 
Turning to CDA, CDA includes functionality to: (i) trans

mit Initiation CSS (CDB), (ii) transmit Acknowledgement 
CSS (CDB), (iii) transmit Initiation CSS (CDC), (iv) transmit 
AcknowledgementCSS (CDC), and (v) transmit Reservation 
CSS 1 and Channel Free CSS 1 to reserve the channel when 
transmitting data to either CDB or CDC. Further, CDA is 
configured to receive and correlate: (i) Initiation CSS (CDA), 
(ii) Acknowledgment CSS (CDA), (iii) Reservation CSS 1 
and Channel Free CSS 1, and (iv) Reservation CSS 2 and 
Channel Free CSS 2. 

Turning to CDB, CDB includes functionality to: (i) trans
mit Initiation CSS (CDA), (ii) transmit Acknowledgement 
CSS (CDA), (iii)transmitinitiationCSS (CDC), (iv)transmit 
Reservation CSS 1 and Channel Free CSS 1 to reserve the 
channel when transmitting data to either CDA or CDC. Fur
ther, CDB is configured to receive and correlate: (i) Initiation 
CSS (CDB), (ii) Acknowledgment CSS (CDB), (iii) Reser
vation CSS 1 and Channel Free CSS 1, and (iv) Reservation 
CSS 2 and Channel Free CSS 2. 

Turning to CDC, CDC includes functionality to: (i) trans
mit Initiation CSS (CDA), (ii) transmit Acknowledgement 
CSS (CDB), (iii) transmit Acknowledgement CSS (CDA), 
(iv) transmit Reservation CSS 2 and Channel Free CSS 2 to 
reserve the channel when transmitting data to either CDA or 
CDB. Further, CDB is configured to receive and correlate: (i) 
Initiation CSS (CDC), (ii)Acknowledgment CSS (CDC), (iii) 
Reservation CSS 1 and Channel Free CSS 1. 

Those skilled in the art will appreciate the same Initiation 
CSS may be used by multiple senders when targeting the 
same receiver. Alternatively, each sender-receiver pair may 
use a unique Initiation CSS. 

Those skilled in the art will appreciate the same Acknowl
edgement CSS may be used by multiple receivers when com
municating with the same sender. Alternatively, each 
receiver-sender pair may use a unique Acknowledgement 
CSS. 

Those skilled in the art will appreciate that the reservation 
primitives shown in FIG. 3B include the minimal set of res
ervation primitives that a given communication device must 
be able to transmit and/or correlate in order to transmit data in 
over the links shown in FIG. 3B. However, each of the com-

30 process proceeds to step 402. 
In Step 402, the sender waits a predetermined period of 

time or until an appropriate Channel Free CSS is correlated, 
and then returns to Step 400. In Step 404, the sender may 
optionally wait for a back off interval before proceeding to 

35 Step 406. Though not shown in FIG. 4, in one embodiment of 
the invention, if a reservation CSS is received during the back 
off interval, the process may proceed to step 402 instead of 
Step 406. 

In Step 406, the receiver (i.e., the communication device to 
40 which the sender is attempting to send data) is identified. In 

Step 408, an appropriate Initiation CSS (R) is selected based 
on the intended receiver. In Step 410, the Initiation CSS (R) is 
transmitted on the channel. In one embodiment of the inven
tion, the duration of the transmission of the Initiation CSS is 

45 nearly zero due to the fact that the Initiation CSS (R) is a short 
binary sequence (in absolute or relative terms). The Initiation 
CSS (R) is a private reservation primitive. As such, only the 
intended receiver can correlate the Initiation CSS (R). All 
other communication devices in the transmission range that 

50 receive the Initiation CSS (R) will view the Initiation CSS (R) 
as white noise. 

At this stage, the sender starts waiting for a pre-determined 
period of time. During this time the sender is expecting to 
receive a Reservation CSS from the receiver (identified in 

55 Step 406). The pre-determined period of time is larger than 
the round-trip propagation time between the sender and the 
receiver. The roundtrip propagation time may be greater than 
or equal to 2*transmission time+processing delay on the 
receiver. In order to successfully reserve the channel the 

60 Reservation CSS should be received by all communication 
devices within the transmission range of the receiver. If the 
receiver transmits the Reservation CSS within the pre-deter
mined period of time, the sender will interpret the receipt of 
Reservation CSS as a signal that the receiver has reserved the 

65 channel and that the sender can start transmitting data to the 
receiver. All other communication devices in the transmission 
range that receive the Reservation CSS will interpret the 
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Reservation CSS as an indication that another connnunica
tion device has reserved the channel and, as such, they are not 
to attempt to reserve or access the channel until an appropriate 
Channel Free CSS is received. 

12 
more senders that have not reserved the channel go idle and, 
once the channel becomes free again, the sender( s) starts a 
new regular back off. If instead the quick back off expires 
(i.e., without being reserved), one or more of the senders 
transmits a new Initiation CSS. 

Returning to FIG. 5, in Step 508, a channel reservation pair 
is selected. If there is only one channel reservation in the CSS 
dictionary, then Step 508 may not be performed. In Step 510, 
the Reservation CSS from the channel reservation pair is 

Returning to FIG. 4, in Step 412, a Reservation CSS is 
received from the receiver. If a Reservation CSS has not been 
received within the predetermined time, then the process may 
repeat Step 410, return to Step 400, or end. In Step 414, the 
data is transmitted from the sender to the receiver. In one 
embodiment of the invention, the sender is configured to start 
transmitting data immediately (or almost innnediately) upon 
receiving the Reservation CSS. Once the sender has transmit
ted all the data it intended to transmit, the sender awaits an 
Acknowledgement CSS from the receiver. 

1 o transmitted to the sender and all other connnunication devices 

Though not shown in FIG. 4, if the receiver does not receive 15 

all the data transmitted by the sender, the receiver will not 
transmit an Acknowledgement CSS. Instead the receiver will 
transmit the appropriate Channel Free CSS. 

Returning to FIG. 4, assuming that the receiver receives all 
the data transmitted by the sender, the receiver will transmit 20 

an Acknowledgment CSS and in Step 416, the Acknowledge
ment CSS (S) is received by the sender. The Acknowledge
ment CSS (S) is a private reservation primitive. As such, only 
the sender can correlate the Acknowledgement CSS (S). All 
other connnunication devices in the transmission range that 25 

receive the Acknowledgement CSS (S) will view the 
Acknowledgement CSS (S) as white noise. 

In Step 418, the sender receives and correlates the appro
priate Channel Free CSS from the receiver. In addition, all 
other communication devices in the transmission range can 30 

also receive and correlate the Channel Free CSS. The sender 

in the transmission range. In one embodiment of the inven
tion, once the Reservation CSS is transmitted, the receiver is 
expecting to immediately or almost innnediately receive the 
data from the sender. If the receiver does not start to receive 
the data within a pre-determined period of time then there 
they maybe a transmission issue with the sender and, as such, 
the process may proceed directly to Step 516. 

In Step 512, the data is received from the sender. In Step 
514, once receiver has confirmed that it has correctly received 
all the data sent by the sender, the receiver obtains and trans
mits an Acknowledgement CSS (S) to the sender. Only the 
sender is able to correlate the Acknowledgment CSS (S). All 
other communication devices that received the Acknowl
edgement CSS (S) view it as white noise. 

In Step 516, the sender transmits a Channel Free CSS (from 
the channel reservation pair) to the sender and all other com
munication devices in the transmission range. The Channel 
Free CSS may be transmitted innnediately or almost innne
diately after the Acknowledgment CSS (S) is transmitted. 

FIGS. 6A, 6B and 7 show examples of a system imple
menting one or more embodiments of the invention. The 
example is not intended to limit the scope of the invention. and all connnunication devices that receive the Channel Free 

CSS interpret the Channel Free CSS as a signal that the 
receiver who previously sent the Reservation CSS has now 
freed the channel. The Channel Free CSS should be received 
by all connnunication devices that received the Reservation 
CSS that was previously sent by the receiver. 

Turning to FIGS. 6A and 6B, FIG. 6A shows the reserva
tion primitives and data sent between a sender and a receiver 

35 and FIG. 6B shows the timing of the transmission of the 
reservation primitives and data transmitted in FIG. 6A. 

If a connnunication device that previously received the 
Reservation CSS does not receive the Channel Free CSS 
within a pre-determined period of time (e.g., the longest 
packet duration) then the connnunication device will con
tinue operating as if it has received the Channel Free CSS. 

Turning to FIG. 5, in Step 500, an Initiation CSS (R) is 
received from a sender. 

In Step 502, a determination is made about whether the 
channel is free. In one embodiment of the invention, the 
channel is free if the receiver is not waiting to receive a 
Channel Free CSS. Those skilled in the art will appreciate that 
any other form of physical or virtual carrier sensing may be 
used without departing from the invention. If the channel is 
free the process proceeds to Step 504; otherwise, the process 
ends. 

In step 504, a determination is made about whether there is 
a potential for collisions. In one embodiment of the invention, 
the receiver waits for a roundtrip propagation time to elapse 
and if during this time the receiver does not receive (i) an 
Initiation CSS (R) from another sender or (ii) a Reservation 
CSS from another sender, then the process proceeds to Step 
508. Alternatively, the process proceeds to Step 506. 

Initially, the sender transmits an Initiation CSS (R) (I(R)) 
to the receiver. The receiver innnediately (or almost innnedi
ately, e.g., the receiver waits for a predetermined period of 

40 time in order to detect potential collisions as described in FIG. 
5) selects and transmits Reservation CSS 1 (R1) to the sender. 
Upon receipt of the Reservation CSS, the sender immediately 
(or almost innnediately) transmits the data to the receiver. 
Once all the data has been received, the receiver transmits an 

45 Acknowledgement CSS (S) (A(S)) to the sender. The receiver 
subsequently transmits a Channel Free CSS 1 (CF 1) to the 
sender. 

Turning to FIG. 7, FIG. 7 showsanexampleoftransmitting 
data in a system that includes a sender (S) and two receivers 

50 (R1, R2) in accordance with one or more embodiments of the 
invention. 

Initially, the sender transmits an Initiation CSS (R1) which 
may only be correlated by receiver 1. In response to correlat
ing the Initiation CSS (R1 ), Receiver 1 transmits Reservation 

55 CSS 1. Reservation CSS 1 is received and correlated by both 
the sender and receiver 2. At this stage, receiver 2 will not 
attempt to initiate any data transfer on the channel until it 
receivers Channel Free CSS 1. 

In Step 506, a negative acknowledgment is sent to all 60 

contending connnunication devices. In one embodiment of 
the invention, the negative acknowledgement is a public CSS 
received by all senders in the transmission range of the 
receiver. Then, in order to solve the potential collision, send-

Upon receipt of Reservation CSS 1, the sender starts trans
mitting data to receiver 1. Once receiver 1 receives all the data 
sent from the sender, receiver 1 transmits the acknowledge
ment CSS (S), which may only be correlated by the sender. 
Receiver 1 subsequently transmits Channel Free CSS 1. 
Channel Free CSS 1 is received and correlated by both the 
sender and receiver 2. ers may undergo a "quick back off' which includes waiting 65 

for a short back off time. If the channel is reserved by another 
communication device during the quick back off, the one or 

At a later point in time, the sender transmits an Initiation 
CSS (R2) which may only be correlated by receiver 2. In 
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response to correlating Initiation CSS (R2), receiver 2 trans
mits Reservation CSS 2. Reservation CSS 2 is received and 
correlated by both the sender and receiver 1. At this stage, 
receiver 1 will not attempt to initiate any data transfer on the 
channel until it receives Channel Free CSS 2. 

Upon receipt of Reservation CSS 2, the sender starts trans
mitting data to receiver 2. Once receiver 2 receives all the data 
sent from the sender, receiver 2 transmits the acknowledge
ment CSS (S), which may only be correlated by the sender. 
Receiver 2 subsequently transmits Channel Free CSS 2. 

10 

Channel Free CSS 2 is received and correlated by both the 
sender and receiver 1. 

In one or more embodiments of the invention, the use of 
reservation primitives may provide (i) efficiency, as it enables 

15 
a near order of magnitude reduction in time required to 
reserve a channel; (ii) robustness, as the reservation primi
tives are short and easily detectable even at low Signal to 
Interference plus Noise Ratios (SINRs), (iii) improved fair
ness when multiple communication devices with different 20 
channel qualities (e.g., data rates) are all communicating on 
the same channel. 

Those skilled in the art will appreciate that while the inven
tion has been described with respect to communication 
devices only reserving channels using embodiments of the 25 
invention, embodiments of the invention may also be imple
mented in systems that support other channel reservation 
mechanisms without departing from the invention. For 
example, embodiments of the invention may be implemented 
in a hybrid channel reservation system in which channel 30 
reservation may be performed using either the RTS/CTS con
trol messages and (ii) reservation primitives as described 
above. 

Further, embodiments of the invention may be applied to 
other systems that rely on control commands where such 35 
commands are converted or otherwise mapped to CSSes and 
the information that was previously conveyed in the control 
commands may be conveyed using a combination of (i) public 
and private CSSes, (ii) the order in which various CSSes are 
transmitted and/or received, and/or (iii) the relative (or abso- 40 
lute) timing of transmission or receipt of the CSSes. 

While the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from the 45 
scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 

14 
2. The method of claim 1, further comprising: 
receiving a first Channel Free CSS from the receiver sig

naling that the channel is no longer reserved by the 
rece1ver. 

3. The method of claim 2, 
wherein a second receiver is configured to receive the first 

reservation CSS and the first Channel Free CSS from the 
receiver over the channel; 

wherein the sender and all communication devices com
municating on the channel can correlate the first reser
vation CSS; and 

wherein the sender and all communication devices com
municating on the channel can correlate the first Chan
nel Free CSS. 

4. The method of claim 1, wherein the initiation CSS, the 
acknowledgement CSS, the first reservation CSS, and the first 
channel Free CSS are at least one selected from a group 
consisting of Gold Codes, Kasami codes, and m-sequences. 

5. The method of claim 1, wherein the initiation CSS, the 
acknowledgement CSS, the first reservation CSS, and the first 
channel Free CSS are, each 127-bit binary sequences. 

6. The method of claim 1, further comprising: 
prior to transmitting the initiation CSS, determining that 

the channel is free, wherein determining that the channel 
is free comprises using at least one selected from a group 
consisting of virtual carrier sensing and physical carrier 
sensing. 

7. The method of claim 1, receiving the first reservation 
CSS from the receiver comprises correlating the first reser
vation CSS in a physical layer in the sender. 

8. The method of claim 1, 
wherein a second receiver is configured to receive the 

initiation CSS from the sender over the channel; 
wherein a second receiver is configured to receive the first 

reservation CSS and the acknowledgement CSS from 
the receiver over the channel, 

wherein the second receiver views the initiation CSS as 
white noise, 

wherein the second receiver is able to correlate the first 
reservation CSS, and 

wherein the second receiver views the acknowledgment 
CSS as white noise. 

9. The method of claim 1, 
wherein the receiver is one of a plurality of communication 

devices, 
wherein each of the plurality of communication devices is 

configured to receive the initiation CSS from the sender, 
wherein only the receiver can correlate the initiation CSS. 
10. The method of claim 1, wherein the first reservation 

What is claimed is: 
1. A method for transmitting data from a sender to a 

receiver over a channel, comprising: 
identifYing the receiver; 

50 CSS and the first Channel Free CSS are part of a channel 
reservation pair and wherein the channel can only be freed if 
the receiver transmits the first Channel Free CSS when the 
channel is reserved using the first reservation channel CSS. 

obtaining an initiation correlated symbol sequence (CSS) 
associated with the receiver; 

transmitting the initiation CSS, wherein the sender and the 
receiver are configured to communicate over the chan
nel, wherein the channel is a frequency band in a radio
frequency spectrun1; 

11. The method of claim 10, wherein the receiver com-
55 prises a second channel reservation pair comprising a second 

reservation CSS and a second Channel Free CSS. 

receiving a first reservation CSS from the receiver signal- 60 

ing that the receiver has reserved the channel in order to 
receive the data from the sender; 

in response to receiving the first reservation CSS, transmit
ting the data to the receiver; and 

receiving an acknowledgment CSS from the receiver sig- 65 

naling that the receiver has received the data from the 
sender. 

12. A method for receiving data by a receiver from a sender 
over a channel, comprising: 

receiving an initiation correlated symbol sequence (CSS) 
from the sender over the channel, wherein sender and the 
receiver are configured to communicate wirelessly over 
the channel, wherein the channel is a frequency band in 
a radio-frequency spectrum; 

in response to receiving the initiation CSS, transmitting a 
reservation CSS to the sender signaling that the receiver 
has reserved the channel in order to receive the data from 
the sender; 
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in response to transmitting the reservation CSS, receiving 
the data from the sender; and 

after the data has been received: 
transmitting an acknowledgment CSS to the sender sig

naling that the receiver has received the data from the 
sender; 

transmitting a Channel Free CSS from the receiver sig
naling that the channel is no longer reserved by the 
receiver. 

13. The method of claim 12, further comprising: 
prior to transmitting the reservation CSS: 

10 

16 
receive, by the first communication interface a reserva

tion CSS from the receiver signaling that the receiver 
has reserved the channel in order to receive the data 
from the sender, 

in response to receiving the reservation CSS transmit 
by the first communication interface, the data to th~ 
receiver, 

receive, by the first communication interface an 
acknowledgment CSS from the receiver signalin~ that 
the receiver has received the data from the sender 

receive, by the first communication interface, a Cha~el 
Free CSS from the receiver signaling that the channel 
is no longer reserved by the receiver, 

the receiver configured to: 
waiting for a pre-determined period of time; and 
determining that no potentially overlapping transmis

sions were identified during the pre-determined 
period of time. 

15 
receive, by the second communication interface, the ini

tiation CSS; 
transmit, by the second communication interface the 14. The method of claim 13, wherein the pre-determined 

period of time is equal to a round-trip propagation time. reservation CSS to the sender; ' 
receive, by the second communication interface, the data 

from the sender; and 
15. The method of claim 14, wherein the reservation CSS is 

transmitted immediately after the pre-determined time 
period. 

2
0 after the data has been received: 

transmit, by the second communication interface the 16. The method of claim 12, 
wherein a second receiver is configured to receive the 

initiation CSS from the sender over the channel· 
wherein a second receiver is configured to rec~ive the 

reservation CSS, the acknowledgement CSS, and the 
Channel Free CSS from the receiver over the channel 

wherein the initiation CSS and the acknowledgment CSS 
and are private reservation primitives, 

wherein the reservation CSS and the channel free CSS are 
public reservation primitives. 

17. A system, comprising: 
a sender, a receiver, and a second receiver, 

wherein the sender is a first communication device com
prising a first processor and a first communication 
interface, the receiver is a second communication 
device comprising a second processor and a second 
communication interface, and the second receiver is a 
third communication device comprising a third pro
cessor and a third communication interface 

wherein the sender, the receiver, and the second receiver 
are configured to communicate over the channel 

wherein the channel is a frequency band in a r;dio
frequency spectrum; 

wherein the sender is configured to: 
identify, by the first processor, the receiver, 
obtain, by the first communication interface, an initia

tion correlated symbol sequence (CSS) associated 
with the receiver, 

transmit, by the first communication interface, the ini
tiation CSS over the channel, 

25 

30 

35 

acknowledgment CSS over the channel, ' 
transmit, by the second communication interface the 

Channel Free CSS over the channel, ' 
the second receiver configured to: 

receive, by the third communication interface, the ini
tiation CSS, the reservation CSS, the acknowledge
ment CSS, and the Channel Free CSS over the chan
nel, 

wherein the second receiver cannot correlate the initia
tionCSS, 

wherein the second receiver is able to correlate the res
ervation CSS, 

wherein the second receiver cannot correlate the 
acknowledgment CSS, 

wherein the second receiver is able to correlate the 
Channel Free CSS. 

18. The system of claim 17, wherein the sender, the first 
receiver, and the second receiver are nodes in an ad hoc 

40 network. 
19. The system of claim 17, wherein at least one selected 

from a group consisting of the sender, the receiver, and the 
second receiver is one selected from a group consisting of a 
phone, smart phone, a laptop computer, a tablet computer, a 

45 wireless router, a wireless access point, gaming console, a set 
top box, a television, and a desktop computer. 

20. The system of claim 17, wherein the sender comprises 
a physical layer configured to correlate the first reservation 
CSS. 

* * * * * 


