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RETAINING TRAFFIC CHANNEL ASSIGNMENTS FOR SATELLITE TERMINALS TO
PROVIDE LOWER LATENCY COMMUNICATION SERVICES

FIELD OF THE INVENTION

[0001] This invention relates to wireless communications systems and methods and

more particularly to satellite and terrestrial wireless communications systems and methods.

BACKGROUND OF THE INVENTION

[0002] A satellite radioterminal communications system may use a single satellite

antenna pattern (beam or cell) that provides a single communications service region for

satellite radioterminals that are served by the system. Alternatively or in combination with

the above, in cellular satellite radioterminal communications systems, multiple satellite

antenna patterns (beams or cells) are provided, each of which can serve a substantially

distinct service region in an overall service region, to collectively provide service to the

overall communication service region. Thus, a cellular architecture that is similar to that used

in conventional terrestrial cellular radioterminal systems can be implemented in cellular

satellite-based systems and methods. The satellite typically communicates with

radioterminals over a bidirectional communications pathway, with radioterminal

communications signals being communicated from the satellite to the radioterminal over a

downlink or forward link (also referred to as forward service link), and from the

radioterminal to the satellite over an uplink or return link (also referred to as return service

link). In some cases, such as, for example, in broadcasting, the satellite may communicate

information to one or more radioterminals unidirectionally. The overall design and operation

of cellular satellite radioterminal systems and methods are well Icnown to those having skill in

the art, and need not be described further herein.

[0003] Terrestrial networks can enhance cellular satellite radioterminal system

availability, efficiency and/or economic viability by terrestrially reusing at least some of the

frequency bands that are allocated to cellular satellite radioterminal systems. In particular, it

is known that it may be difficult for cellular satellite radioterminal systems to reliably serve

densely populated areas, because the satellite signal may be blocked by high-rise structures

and/or may not penetrate into buildings. As a result, the satellite spectrum may be

underutilized or unutilized in such areas. The terrestrial reuse of at least some of the satellite

system frequencies can reduce or eliminate this potential problem.
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[0004] Moreover, the capacity of a hybrid system, comprising terrestrial and satellite-

based connectivity and configured to terrestrially reuse at least some of the satellite-band

frequencies, may be higher than a corresponding satellite-only system since terrestrial

frequency reuse may be much denser than that of the satellite-only system. In fact, capacity

may be enhanced where it may be mostly needed, i.e., in densely populated

urban/industrial/commercial areas where the connectivity/signal(s) of a satellite-only system

may be unreliable. As a result, a hybrid (satellite/terrestrial cellular) system that is

configured to reuse terrestrially at least some of the frequencies of the satellite band may

become more economically viable, as it may be able to serve more effectively and reliably a

larger subscriber base.

[0005] One example of terrestrial reuse of satellite frequencies is described in U.S.

Patent 5,937,332 to Karabinis entitled Satellite Telecommunications Repeaters and

Retransmission Methods, the disclosure of which is hereby incorporated herein by reference

in its entirety as if set forth fully herein. As described therein, satellite telecommunications

repeaters are provided which receive, amplify, and locally retransmit the downlink/uplink

signal received from a satellite/radioterminal thereby increasing an effective downlink/uplink

margin in the vicinity of the satellite telecommunications repeater and allowing an increase in

the penetration of uplink and downlink signals into buildings, foliage, transportation vehicles,

and other objects which can reduce link margin. Both portable and non-portable repeaters are

provided. See the abstract of U.S. Patent 5,937,332.

[0006] Satellite radioterminal communications systems and methods that may employ

terrestrial use and/or reuse of satellite frequencies by an Ancillary Terrestrial Network (ATN)

comprising at least one Ancillary Terrestrial Component (ATC) are also described in U.S.

Patent Nos. 6,684,057 to Karabinis, entitled Systems and Methods for Terrestrial Reuse of

Cellular Satellite Frequency Spectrum; 6,785,543 to Karabinis, entitled Filtersfor Combined

Radiotelephone/GPS Terminals; 6,856,787 to Karabinis, entitled Wireless Communications

Systems and Methods Using Satellite-Linked Remote Terminal Interface Subsystems;

6,859,652 to Karabinis et al, entitled Integrated or Autonomous System and Method of

Satellite-Terrestrial Frequency Reuse Using Signal Attenuation and/or Blockage, Dynamic

Assignment of Frequencies and/or Hysteresis; and 6,879,829 to Dutta et al., entitled Systems

and Methodsfor Handover Between Space Based and Terrestrial Radioterminal

Communications, and For Monitoring Terrestrially Reused Satellite Frequencies At a

Radioterminal to Reduce Potential Interference, and in U.S. Patents 6,892,068, 6,937,857,

6,999,720 and 7,006,789; and Published U.S. Patent Application Nos. US 2003/0054761 to
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Karabinis, entitled Spatial Guardbandsfor Terrestrial Reuse of Satellite Frequencies; US

2003/0054814 to Karabinis et al., entitled Systems and Methods for Monitoring Terrestrially

Reused Satellite Frequencies to Reduce Potential Interference; US 2003/0073436 to

Karabinis et al., entitled Additional Systems and Methods for Monitoring Terrestrially Reused

Satellite Frequencies to Reduce Potential Interference; US 2003/0054762 to Karabinis,

entitled Multi-Band/Multi-Mode Satellite Radiotelephone Communications Systems and

Methods; US 2002/0041575 to Karabinis et al, entitled Coordinated Satellite-Terrestrial

Frequency Reuse; US 2003/0068978 to Karabinis et al., entitled Space-Based Network

Architectures for Satellite Radiotelephone Systems; US 2003/0153308 to Karabinis, entitled

Staggered Sectorization for Terrestrial Reuse of Satellite Frequencies; and US 2003/0054815

to Karabinis, entitled Methods and Systemsfor Modifying Satellite Antenna Cell Patterns In

Response to Terrestrial Reuse of Satellite Frequencies, and in Published U.S. Patent

Application Nos. 2004/0121727, 2004/0142660, 2004/0192395, 2004/0192200,

2004/0192293, 2004/0203742, 2004/0240525, 2005/0026606, 2005/0037749, 2005/0041619,

2005/0064813, 2005/0079816, 2005/0090256, 2005/0118948, 2005/0136836, 2005/0164700,

2005/0164701, 2005/0170834, 2005/0181786, 2005/0201449, 2005/0208890, 2005/0221757,

2005/0227618, 2005/0239457, 2005/0239403, 2005/0239404, 2005/0239399, 2005/0245192,

2005/0260984, 2005/0260947, 2005/0265273, 2005/00272369, 2005/0282542,

2005/028801 1, 2006/0040613, 2006/040657 and 2006/0040659; all of which are assigned to

the assignee of the present invention, the disclosures of all of which are hereby incorporated

herein by reference in their entirety as if set forth fully herein. Various techniques for

coordination of operations of satellite and terrestrial components are described in U.S. Patent

Application Publication No. 2005/0090256 to Dutta, entitled Systems and Methodsfor

Mobility Management in Overlaid Mobile Communications Systems, and U.S. Patent

Application Serial No. 1/548,825 to Tronc et al. entitled Systems, Methods and Computer

Program Productsfor Mobility Management in Hybrid Satellite/Terrestrial Wireless

Communications Systems, filed October 12, 2006, both of which are assigned to the assignee

of the present invention, the disclosures of both of which are hereby incorporated herein by

reference in their entirety as if set forth fully herein.

SUMMARY OF THE INVENTION

[0007] Some embodiments of the present invention provide wireless communications

methods. Communications between a terminal and a satellite base station are established

through a satellite. A traffic channel is assigned for use by the terminal to transmit data
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traffic to the satellite for relay to the satellite base station. The traffic channel assignment is

retained for use by the terminal while the terminal is idle between data traffic transmissions

to the satellite in response to a Type of Service (ToS) designation that is associated with the

terminal.

[0008] Because the traffic channel can be pre-assigned to the terminal before it has

data traffic that is ready for transmission and the traffic channel can be retained for use by the

terminal while the terminal is idle, the terminal may more quickly transition from being idle

to transmitting data traffic. The pre-assignment and retention of traffic channels to terminals

may be regulated in response to a TOS designation that is associated with the terminals. The

TOS designation may, for example, identify which terminals are to be provided reduced

latency communication for PTT protocol service, VOIP service, and/or another service. The

TOS designations for individual terminals may be controlled by service providers as a way of

offering a premium service to subscribers. The number of traffic channels within a spot beam

that are pre-assigned and retained for use by registered terminals can be controlled so that a

defined number of other traffic channels are available for assignment to terminals responsive

to traffic channel requests therefrom.

[0009] Some other embodiments of the present invention provide a wireless

communication system that includes a satellite base station. The satellite base station is

configured to assign a traffic channel for use by a terminal to transmit data traffic to a

satellite for relay to the satellite base station, and to retain the traffic channel assignment for

use by the terminal while the terminal is idle between data traffic transmissions to the satellite

in response to a type of service designation that is associated with the terminal.

[0010] Some other embodiments of the present invention provide a wireless

communication system that includes a terminal that is configured to receive from a satellite

base station a traffic channel assignment for use by the terminal to transmit data traffic to a

satellite for relay to the satellite base station and a command that indicates whether traffic

channel assignment is to be retained while idle. The terminal is further configured to retain

the traffic channel assignment for use by the terminal while the terminal is idle between data

traffic transmissions to the satellite in response to the command indicating that the

assignment is to be retained while idle,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are included to provide a further

understanding of the invention and are incorporated in and constitute a part of this

application, illustrate certain embodiments of the invention.

[0012] Figure 1 is a schematic diagram of a wireless communication system and

associated methods according to some embodiments of the present invention.

[0013] Figure 2 is a message flow diagram that illustrates exemplary operations and

methods of the system of Figure 1 that assign, retain, and release traffic channels for

terminals in accordance with some further embodiments of the present invention.

[0014] Figure 3 is a message flow diagram that illustrates exemplary operations and

methods for Push-To-Talk voice data communication by the terminal of Figure 2 in

accordance with some further embodiments of the present invention.

[0015] Figure 4 is a message flow diagram that illustrates exemplary operations and

methods for Voice Over Internet Protocol communication by the terminal of Figure 2 in

accordance with some further embodiments of the present invention.

DETAILED DESCRIPTION

[0016] Specific exemplary embodiments of the invention now will be described with

reference to the accompanying drawings. This invention may, however, be embodied in

many different forms and should not be construed as limited to the embodiments set forth

herein. Rather, these embodiments are provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the invention to those skilled in the art. It will

be understood that when an element is referred to as being "connected", "coupled" or

"responsive" to another element, it can be directly connected, coupled or responsive to the

other element or intervening elements may be present. Furthermore, "connected", "coupled"

or "responsive" as used herein may include wirelessly connected, coupled or responsive.

[0017] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. As used herein, the

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless

expressly stated otherwise. It will be further understood that the terms "includes,"

"comprises," "including" and/or "comprising," when used in this specification, specify the

presence of stated features, integers, steps, operations, elements, and/or components, but do

not preclude the presence or addition of one or more other features, integers, steps,

operations, elements, components, and/or groups thereof.
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[0018] Unless otherwise defined, all terms (including technical and scientific terms)

used herein have the same meaning as commonly understood by one of ordinary skill in the

art to which this invention belongs. It will be further understood that terms, such as those

defined in commonly used dictionaries, should be interpreted as having a meaning that is

consistent with their meaning in the context of the relevant art and the present disclosure, and

will not be interpreted in an idealized or overly formal sense unless expressly so defined

herein.

[0019] It will be understood that although the terms first and second are used herein

to describe various elements, these elements should not be limited by these terms. These

terms are only used to distinguish one element from another element. Thus, a first element

below could be termed a second element, and similarly, a second element may be termed a

first element without departing from the teachings of the present invention. As used herein,

the term "and/or" includes any and all combinations of one or more of the associated listed

items. The symbol "/" is also used as a shorthand notation for "and/or",

[0020] In some alternate implementations, the operations/methods identified in the

message flow diagrams may occur out of the identified order. For example, two

operations/methods shown in succession may in fact be carried out substantially concurrently

or the operations/methods may sometimes be carried out in the reverse order, depending upon

the operations/methods involved. Moreover, the functionality of a particular illustrated

operation/method may be separated into multiple discrete operations/methods and/or the

functionality of two or more discrete operations/methods may be at least partially integrated.

Although some of the diagrams include arrows on communication paths to show what may be

a primary direction of communication, it is to be understood that communication may occur

in the opposite direction to the depicted arrows.

[0021] As used herein, the term "radioterminal" includes any type of user

device/equipment that can communicate through radio frequency signaling with a space-

based communications network (SBN). A radioterminal may be further configured to

terrestrially use/reuse at least some of the frequency bands that are allocated to the SBN for

communication with an ancillary terrestrial communications network (ATN), and such a

radioterminal can be referred to as an "ancillary terminal (AT)". A radioterminal may have

time-varying or fixed geographic coordinates, and may be portable, transportable, installed in

a vehicle (aeronautical, maritime, or land-based), or situated and/or configured to operate

locally and/or in a distributed fashion at any other location(s) on earth and/or in space. A
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"radioterminal" also may be referred to herein as a "terminal," "wireless terminal,"

"subscriber station," "radiotelephone," or "wireless user device".

[0022] Furthermore, as used herein, the term "SBN" includes one or more satellites at

any orbit (geostationary, substantially geostationary, medium earth orbit, low earth orbit, etc.)

and may further include terrestrial components, such as a satellite base station, a serving

gateway, and/or network infrastructure. The term "ATN" may include one or more

"ancillary terrestrial components (ATCs)", which may each include a plurality of

geographically distributed base stations (e.g., in cellular arrangements), which may be ground

installations, vehicle-borne installations, airborne installations and/or ship-borne installations.

Some embodiments of the present invention are described in the context of an SBN that is

overlaid on an ATN, although the invention is not limited thereto as it may be embodied in

any type of SBN.

[0023] Various embodiments of the present invention are directed to reducing

communication latency for terminals that communicate with a SBN. Figure 1 is a diagram

that illustrates a wireless communications system that provides overlaid operation of a SBN

120 and an ATN 10 according to some embodiments of the present invention. At least a

portion of spectrum that is allocated to the SBN 1 0 may be used/reused by the ATCs of the

ATN 110 in various locations of a service area, such as in urban/suburban areas of the

continental United States (CONUS). Satellite spot beams of the SBN 120 are overlaid on

this service area, such that coverage zones of the ATCs and the SBN 120 at least partially

overlap.

[0024] Referring to the exemplary embodiment of Figure 1, the SBN 120 can include

one or more satellites 126 which relay communications between one or more satellite base

stations (SBS) 1 4 and terminals 10 that are located within one or more spot beams 1 8 of

the satellite(s) 126. The SBS 124 transmits and receives radio frequency signals through an

associated antenna(s) 125 to communicatively interconnect the terminals 10 to ground-based

network infrastructure. Exemplary components of such ground-based network infrastructure

may include, but are not limited to, a High Rate Packet Data (HRPD) Serving Gateway

(HSGW) 130, an Authorization Authentication Accounting (AAA) server 132, Policy and

Charging Rules Function (PCRF) equipment 136, and an IP Multimedia Subsystem (IMS)

138. The HSGW 132 may be directly connected to a packet switched network 142 (e.g.,

private/public wide area network) and/or may be connected to the packet switched network

142 through a Connectivity Services Network (CSN) 140.
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[0025] The ATN 110 can include one or more base stations (BS) 114 that

communicate through associated antennas 116 with the terminals 10 that are located within

their respective coverage areas 118. Each BS 114 communicatively connects serviced

terminals 10 to ground-based network infrastructure, such as a HSGW 112.

[0026] Because communications between a terminal 10 and a BS 114 occur over

relatively short distances (e.g., typically less than 50 miles), there is a relatively small

communication latency therebetween. In contrast, communications between a terminal 10

and the SBS 124 are relayed through the orbiting satellite 126 and, therefore, occur over

significant distances. Consequently, a single round-trip communication between a terminal

10 and the SBS 124 may add up to 700 s or more latency to any request and response

communication sequence therebetween. Such communication latency may be particularly

undesirable when carrying out some communication protocols, such as for Push-To-Talk

(PTT) voice data communications and Voice Over Internet Protocol (VOIP) communications.

[0027] In accordance with some embodiments, when a terminal 10 registers with the

network infrastructure, the SBS 124 proceeds with pre-assigning a traffic channel to the

terminal 10 without waiting for the terminal 10 to necessarily have data traffic that is ready to

be transmitted. The assigned traffic channel is to be used by the terminal 10 to transmit data

traffic, if and when data traffic is ready for transmission, through the satellite 126 to the SBS

124. The SBS 124 transmits to the terminal 10 the traffic channel assign and a command that

indicates whether the traffic channel assignment is to be retained while idle. The SBS 124

then retains the assigned traffic channel for use by the terminal 10 while the terminal 10 is

idle between data traffic transmissions to the SBS 124. The terminal 0 retain the traffic

channel assignment for use by the terminal while the terminal is idle between data traffic

transmissions to the satellite 126 in response to the command indicating that the assignment

is to be retained while idle. The terminal 10 may thereby more quickly transmit data traffic

as it is becomes ready by using the assigned traffic channel without incurring a potentially

significant transmission delay that may occur if the terminal 10 were required to transmit a

traffic channel request (e.g., a Connection Request Message) through the satellite 126 to the

SBS 124 and then wait for a responsive traffic channel assignment.

[0028] If not constrained, such retention of traffic channels could result in all traffic

channels being assigned to idle terminals and with no remaining traffic channels being

available for use by other terminals that are ready to transmit data traffic. However, in

accordance with some embodiments, the pre-assignment and retention of traffic channels is

regulated in response to a Type Of Service (TOS) designation that is associated with
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terminals. The TOS designation may indicate that a particular terminal is to be provided

reduced latency PTT protocol service, reduced latency VOIP service, and/or another reduced

latency communication service. The SBN 1 0 may be configured to respond to a first TOS

designation being associated with a terminal by retaining a traffic channel for exclusive use

by the terminal while the terminal is idle between data traffic transmissions to the satellite

126 and, in contrast, may respond to a different second TOS designation being associated

with the terminal by not assigning a traffic channel for use by the terminal until a traffic

channel request is received therefrom and then releasing the assigned traffic channel for use

by another terminal in response to the terminal becoming idle between data traffic

transmission..

[0029] A terminal having the first TOS designation, which has received a command

that indicates whether the traffic channel assignment is to be retained while idle, may thereby

transmit data traffic through the retained traffic channel assignment without waiting for the

system to assign another traffic channel to the terminal. In contrast, a terminal having the

second TOS designation, which has not received a pre-assigned traffic channel and/or has not

received a command indicating that the traffic channel assignment is to be retained while

idle, must transmit a traffic channel request (e.g., transmit a Connection Request Message) to

the system and wait for a traffic channel assignment thereto before transmitting data traffic.

The first TOS designated terminal may thereby more quickly transition from being idle to

transmitting data to the SBS 124 compared to the second TOS designated terminal, and

which may be particularly advantageous for PTT protocol service, VOIP service, and/or

another communication service that has alternating cycles of the terminal being ready to

transmit data traffic and then being idle.

[0030] The SBN 120 may control how many terminals within the spot beam 128 have

the first TOS designation and/or may change dynamically change the TOS designations

associated with particular terminals in order control how many traffic channels are available

for assignment to terminals. A SBN operator may thereby offer reduced latency

communication services as a premium service for subscribers and/or as an otherwise

marketable feature of its system.

[0031] For example, when the satellite 126 is able to simultaneously receive signals

through 96 active traffic channels within the spot beam 128, the SBN 120 may reserve 16

traffic channels for communications relating to registration of terminals and other access

related functionality. Of the 80 remaining traffic channels, the SBN 1 0 may reserve a

portion (e.g., 40 traffic channels) for pre-assignment and retention by terminals so as to
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provide reduced latency communication services thereto, and may leave the remaining

portion (e.g., another 40 traffic channels) available for assignment to other terminals in

response to specific traffic channel requests (e.g., Connection Request Messages) from the

other terminals. The number of traffic channels that are assigned as reduced latency traffic

channels and otherwise available as regular latency traffic channels can be regulated by the

SBN 1 0 responsive to the TOS designation for the terminals and/or other operational

characteristics, such as those explained below.

[0032] When the number of traffic channels that are available for assignment to

second TOS designated terminals falls below a threshold value, the SBN 120 may reduce the

number of traffic channels that are available to be pre-assigned and retained by first TOS

designated terminals. The SBN 120 may alternatively or additionally release presently

assigned traffic channels for use by other terminals by notifying certain idle first TOS

designated terminals that they no longer retain a traffic channel and must therefore transmit a

traffic channel request and wait for a responsive traffic channel assignment before their next

data traffic transmission. For example, the SBN 120 may transmit a command to the certain

idle first TOS designated terminals that notifies them that they may no longer retain the

previously assigned traffic channels.

[0033] In some embodiments, the SBS 124 may release a traffic channel that is

presently assigned to first TOS designated terminal for use by another terminal in response to

determining that a signal quality of a communication that is received by the satellite 126 from

the terminal and/or that is received by the terminal from the satellite 126 is less than a

threshold level. Accordingly, bad signal quality, such as due to a terminal entering a

building, may trigger cessation of reduced latency communication service for that terminal.

The threshold level may be a static value or a value that is controlled responsive to one or

more defined parameters, such as a number of actively communicating terminals and/or a

number of idle terminals that are registered in the spot beam 128,

[0034] In some embodiments, the SBS 124 may release a traffic channel that is

presently assigned to first TOS designated terminal for use by another terminal in response to

determining that the terminal is moving at greater than a threshold velocity. Because

terminal velocity can affect communication signal quality (e.g., higher velocity can result in

lower signal quality), the SBS 124 may cease providing reduced latency communication

service when the terminal's velocity exceeds the threshold. The threshold velocity may be a

static value or a value that is controlled responsive to one or more defined parameters, such
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as a number of actively communicating terminals and/or a number of idle terminals that are

registered in the spot beam 128.

[0035] In some embodiments, the SBS 124 may switch from retaining a traffic

channel assignment for an idle terminal to releasing the traffic channel assignment upon the

terminal becoming idle and, vice versa, to track dynamic changes to a priority level that is

assigned to the terminal. The high priority assigned to a terminal may be controllable by a

user, such as by activation of an emergency communication mode, and/or it may be

controlled by the SBS 124 responsive to an operational mode of the terminal (e.g., PTT mode

and/or VOIP mode).

[0036] The SBS 124 may alternatively or additionally switch from retaining a traffic

channel assignment for an idle terminal to releasing the traffic channel assignment upon the

terminal becoming idle and, vice versa, in response to determining that the terminal is located

at a defined geographic location, such as within a region that does not have overlapping

coverage by the ATN 110 and/or at a defined location such as at a work facility.

[0037] The SBS 124 may alternatively or additionally switch from retaining a traffic

channel assignment for an idle terminal to releasing the traffic channel assignment upon the

terminal becoming idle and, vice versa, in response to occurrence of a time of day and/or a

day of week. Accordingly, the SBS 124 may cease retaining a traffic channel assignment for

an idle terminal during weekdays and/or within historically higher traffic times of the day.

[0038] With further reference to Figure 1, The AAA server 132 can be configured to

respond to a registration request from the terminal 10 by authenticating the terminal 10,

determine that the termmal 10 is authorized to receive communication services from the SBN

120, and by providing accounting management for services used by the terminal 10. In

accordance with some embodiments, the AAA server 132 can be further configured to

response to the registration request by accessing a database 134, which associates terminal

identifiers (e.g., the Electronic Serial Number (ESN) of terminals) with TOS designations, to

identify the TOS designation for the terminal 10 seeking registration. The registration

request may therefore serve as a database query that triggers the AAA server 132 to query the

database 134 and to communicate the identified TOS designation to the SBS 124 for use in

determining whether a traffic channel is to be pre-assign and retained by the terminal 10.

[0039] The PCRF equipment 136 and the IMS 138 may operate in a convention

manner defined by, for example, the 3GPP standards, and/or other communication standards

that are well known in the art. Alternatively, one or both of those components may be

configured to assist in defining the TOS designations and/or otherwise controlling how many
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traffic channels within the spot beam 1 8 are available for pre-assignment and retention by

terminals to provide reduced latency communication services.

[0040] Figure 2 is a message flow diagram that illustrates exemplary operations and

methods of the system of Figure 1 that assign, retain, and release a traffic channel for the

terminal 10, which may be an Ancillary Terminal (AT) configured to communication through

both the SBN 120 and the ATN 110, in accordance with some further embodiments of the

present invention. Referring to Figure 2, the AT 10 acquires (block 200) a pilot channel

which it monitors for commands from the SBS 124, such as identification of a command

channel which it will transmit a registration request to the satellite 126 and, therethrough, to

the base station 124. The AT 10 transmits a registration request (block 202) to the SBS 124,

which is communicated through the HSG 130 (block 204) to the AAA server 132 (block

206). The AAA server 132 authenticates the identified terminal and determines whether the

identified terminal is authorized to communicate through the SBN 120. If so, the AAA

server 132 searches the database 134 responsive to the registration request to identify the

TOS designation for the identified terminal, and communicates a data packet identifying the

TOS designation to the HSGW 130.

[0041] The AAA server 132 may communicate the identified TOS designation in a

Differentiated Services Code Point (DSCP) header portion of the data packet which is

communicated to the HSGW 130 responsive to the registration request from the AT 10.

More particularly, the TOS designation for the AT 10 may be defined by a logic value

contained in bit locations 6 and/or 7 of the DSCP header portion of the data packet. The

HSGW 130 may thereby determine the TOS designation of the AT 10 by determining the

logical value at bit locations 6 and/or 7 of the DSCP header portion of the data packet that is

received from the AAA server 132.

[0042] The HSGW 130 responds to the TOS designation corresponding to a reduced

latency communication service by communicating (block 208) a message to the SBS 124 to

carry out Traffic Channel Assignment (TCA). The SBS 124 assigns a traffic channel to the

AT 10 and communicates (block 210) a message to the AT 10 that identifies the assigned

traffic channel and notifies the AT 10 that the traffic channel will be retained for use by the

AT 10 while the AT 10 is idle between data traffic transmissions. In some embodiments, the

SBS 124 assigns a carrier frequency of a Frequency Division Multiplex Access (FDMA)

channel for use by the AT 10 to transmit data traffic to the satellite 126 for relay to the SBS

124. The assigned carrier frequency is then retained for exclusive use by the AT 10 while the

AT 10 is idle between data traffic transmissions to the satellite 6.
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[0043] In some other embodiments, the SBS 124 assigns a timeslot of a Time

Division Multiplex Access (TDMA) channel for use by the AT 10 to transmit data traffic to

the satellite 126 for relay to the SBS 124. The assigned timeslot is then retained for exclusive

use by the AT 10 while the AT 10 is idle between data traffic transmissions to the satellite

126.

[0044] In some other embodiments, the SBS 124 assigns a spreading code of a Code

Division Multiplex Access (CDMA) channel for use by the AT 10 to transmit data traffic to

the satellite 126 for relay to the SBS 124. The assigned spreading code is then retained for

exclusive use by the AT 10 while the AT 10 is idle between data traffic transmissions to the

satellite 126.

[0045] The AT 10 and the SBS 1 4 communicate (block 21 ) to confirm receipt of

the TCA and to set up a connection through the SBS 124 and the HSGW 130. For example, a

Point-to-Point Protocol (PPP) link layer can be set up (block 214) for the AT 10 through the

ground-based network infrastructure (e.g., a core network) as a A10/A1 1 connection a

conventional manner according to one or more of the 3GPP standards, which is well known

in the art.

[0046] The AT 10 and the SBS 124 may further negotiate and configure (block 216) a

Quality of Service (QoS) level for PTT, VOIP, and/or other communications to/from the AT

10. The negotiation and configuration may include QoS queries and responses (blocks 218 to

220) between the SBS 124 and the HSGW 130, and may further include communication with

the AAA server 142. The AT 10 may transmit a Reservation on Request message (block

222) that requests access to certain network resources, and the SBS 124 can respond thereto

using a Reservation Acceptance message (block 224). A session initiation protocol (SIP) can

then be established (block 226) through the ground-based network infrastructure for use in

communications by the terminal.

[0047] The AT 10 can then enter an idle state 228 if it is does not presently have data

traffic that is ready for transmission. In response to ready data traffic, the AT 10 exits the

idle state 228 and uses the assigned traffic channel to transmit (block 230) the data traffic to

the satellite 126 for relay to the SBS 124. The SBS 124 forwards (block 230) the data traffic

through the HSGW 130 to the packet switched network 142. The AT 10 can then return

(block 232) to the idle state. In response to subsequently ready data traffic, the AT 10 uses

the assigned traffic channel (TCH) to transmit (block 234) the data traffic to the satellite 126

for relay to the SBS 124, and the data traffic is forwarded (block 236) through the HSGW

130 to the packet switched network 142.
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[0048] The AT 10 is thereby provided reduced latency communication service

because of its ability to more immediately transmit data traffic as it becomes ready for

transmission, and without be required to transmit a traffic channel request to the SBS 124 and

wait for a responsive traffic channel assignment. Reducing communication latency may be

particularly desirable for some communication protocol services, such as for PTT voice data

communications and VOIP communications where data traffic may be generated responsive

to a user's action (e.g., pressing a PTT switch and/or speaking into a microphone).

[0049] Figure 3 is a message flow diagram that illustrates exemplary operations and

methods for PTT voice data communication by the AT 10 of Figure 2 in accordance with

some further embodiments of the present invention. Referring to Figure 3, each of a

sequence of user activations of a PTT switch of the AT 10 triggers transmission of voice data

traffic (e.g., generated from voice that is sensed by a microphone in the AT 10) from the AT

10 through the retained traffic channel assignment without waiting for assignment of another

traffic channel to the AT 10.

[0050] More particularly, responsive to a user pressing the PTT switch (block 300),

the AT 10 transmits (302) voice data to the satellite 126, for relay to the SBS 124, using the

assigned traffic channel and without waiting for assignment of another traffic channel to the

AT 10. The SBS 124 forwards (block 304) the voice data to the HSGW 130, which forwards

(block 306) the voice data to the packet switched network 142. The AT 10 then returns to the

idle state 308 in response to not having further data traffic that is ready for transmission.

While in the idle state, the SBS 124 retains the assigned traffic channel for exclusive use by

the AT 10 (i.e., the assigned traffic channel is not reassigned for use by another AT). Again

responsive to the user pressing the PTT switch (block 310), the AT 10 transmits (block 312)

the voice data to the satellite 126, for relay to the SBS 124, using the assigned traffic channel

and without waiting for assignment of another traffic channel to the AT 10 can. The SBS 124

forwards (block 314) the voice data to the HSGW 130, which forwards (block 316) the voice

data to the packet switched network 142. The AT 1 then returns (block 318) to the idle state

in response to not having further data traffic that is ready for transmission. While in the idle

state, the SBS 124 again retains the assigned TCH for exclusive use by the AT 10.

[0051] Figure 4 is a message flow diagram that illustrates exemplary operations and

methods for VOIP data communication by the AT 10 of Figure 2 in accordance with some

further embodiments of the present invention. Referring to Figure 4, the AT 10 transmits

each of a sequence of VOIP data traffic (e.g., generated from voice that is sensed by a

microphone of the AT 10) using the retained traffic channel without waiting for assignment
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of another traffic channel to the AT 10. More particularly, responsive to voice being sensed

and converted into a VOIP data (block 400), the AT 10 transmits (402) the VOIP data to the

satellite 126, for relay to the SBS 124, using the assigned traffic channel and without waiting

for assignment of another traffic channel to the AT 10. The SBS 124 forwards (block 404)

the VOIP data to the HSGW 130, which then forwards (block 406) the VOIP data to the

packet switched network 142. The AT 10 then enters the idle state 408 in response to not

having further VOIP data that is ready for transmission. While in the idle state, the SBS 124

retains the assigned traffic channel for exclusive use by the AT 10 (i.e., the assigned traffic

channel is not reassigned for use by another AT). Again responsive to voice being sensed and

converted into VOIP data (block 410), the AT 10 transmits (block 412) the VOIP data to the

satellite 126, for relay to the SBS 124, using the assigned traffic channel and without waiting

for assignment of another traffic channel to the AT 10. The SBS 124 forwards (block 414)

the VOIP data to the HSGW 130, which then forwards (block 416) the VOIP data to the

packet switched network 142. The AT 10 then returns (block 4 1 ) to the idle state in

response to not having further VOIP data that is ready for transmission. While in the idle

state the SBS 124 again retains the assigned traffic channel for exclusive use by the AT 10.

[0052] Accordingly, various embodiments of the present invention may reduce

communication latency for terminals that communicate with a SBN. Traffic channels can be

pre-assigned and more permanently retained for terminals so they may more quickly transmit

data traffic as it is becomes ready for transmission. The pre-assignment and retention of

traffic channels may be regulated in response to a TOS designation that is associated with

terminals, and the TOS designation can be set to provide reduced latency communication for

terminals that communicate using PTT protocol service, VOIP service, and/or another

service. The TOS designations for individual terminals may be controlled by service

providers as a way of offering a premium service to subscribers. The number of traffic

channels within a spot beam that are pre-assigned and retained for use by registered terminals

can be controlled so that a defined number of traffic channels remain available for assignment

to terminals responsive to their traffic channel requests (e.g., Connection Request Messages).

[0053] The present invention was described above with reference to block diagrams

and message flow diagrams illustrating methods and apparatus (systems) according to

embodiments of the invention. It is understood that operations in the diagrams may be

implemented by computer program instructions. These computer program instructions may

be provided to a processor of a general puipose computer, special purpose computer, such as

a digital signal processor, and/or other programmable data processing apparatus to produce a
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machine, such that the instructions, which execute via the processor of the computer and/or

other programmable data processing apparatus, create means for implementing the

functions/acts specified in the diagrams. These computer program instructions may also be

stored in a computer-readable memory that can direct a computer or other programmable data

processing apparatus to function in a particular manner, such that the instructions stored in

the computer-readable memory produce an article of manufacture including instructions

which implement the function/act specified in the diagrams. The computer program

instructions may also be loaded onto a computer or other programmable data processing

apparatus to cause a series of operational steps to be performed on the computer or other

programmable apparatus to produce a computer-implemented process such that the

instructions which execute on the computer or other programmable apparatus provide steps

for implementing the functions/acts specified in the figures.

[0054] In the figures and specification, there have been disclosed embodiments of the

invention and, although specific terms are employed, they are used in a generic and

descriptive sense only and not for purposes of limitation, the scope of the invention being set

forth in the following claims.
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WHAT IS CLAIMED IS:

1. A wireless communications method comprising:

- assigning a traffic channel for use by a terminal to transmit data traffic to a satellite

for relay to a satellite base station; and

retaining the traffic channel assignment for use by the terminal while the terminal is

idle between data traffic transmissions to the satellite in response to a type of service

designation that is associated with the terminal.

2. The method of Claim 1:

wherein assigning a traffic channel for use by the terminal to transmit data traffic to

the satellite for relay to the satellite base station comprises operating the satellite base station

to assign a traffic channel for use by the terminal; and

wherein retaining the traffic channel assignment for use by the terminal while the

terminal is idle between data traffic transmissions to the satellite comprises operating the

satellite base station to retain the traffic channel assignment for use by the terminal while the

terminal is idle between data traffic transmissions to the satellite responsive to receiving from

a serving gateway data indicating that the type of service designation is associated with the

terminal.

3. The method of Claim 1, wherein:

the first determined type of service designation indicates that the terminal is to be

provided reduced latency push-to-talk (PTT) protocol service and/or reduced latency Voice-

Over-Internet Protocol (VOIP) service.

4. The method of Claim 1, wherein retaining the traffic channel assignment for

use by the terminal while the terminal is idle between data traffic transmissions to the satellite

comprises:

responding to each of a sequence of user activations of a push-to-talk (PTT) switch of

the terminal by transmitting voice data traffic from the terminal through the retained traffic

channel assignment without waiting for assignment of another traffic channel to the terminal.
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5. The method of Claim 1, wherein retaining the traffic channel assignment for

use by the terminal while the terminal is idle between data traffic transmissions to the satellite

comprises:

responding to generation of each of a sequence of Voice-Over-Internet Protocol

(VOIP) data traffic from voice that is sensed by a microphone of the terminal by transmitting

the VOIP data traffic from the terminal through the retained traffic channel assignment

without waiting for assignment of another traffic channel to the terminal.

6. The method of Claim 1:

wherein assigning a traffic channel for use by the terminal to transmit data traffic to

the satellite for relay to the satellite base station comprises assigning a carrier frequency of a

Frequency Division Multiplex Access (FDMA) channel for use by the terminal to transmit

data traffic to the satellite for relay to the satellite base station; and

wherein retaining the traffic channel assignment for use by the terminal while the

terminal is idle between data traffic transmissions to the satellite in response to a type of

service designation that is associated with the terminal comprises retaining the assigned

earner frequency for exclusive use by the terminal while the terminal is idle between data

traffic transmissions to the satellite.

7 . The method of Claim 1:

wherein assigning a traffic channel for use by the terminal to transmit data traffic to

the satellite for relay to the satellite base station comprises assigning a timeslot of a Time

Division Multiplex Access (TDMA) channel for use by the terminal to transmit data traffic to

the satellite for relay to the satellite base station; and

wherein retaining the traffic channel assignment for use by the terminal while the

terminal is idle between data traffic transmissions to the satellite in response to a type of

service designation that is associated with the terminal comprises retaining the assigned

timeslot for exclusive use by the terminal while the terminal is idle between data traffic

transmissions to the satellite.

8. The method of Claim 1:

wherein assigning a traffic channel for use by the terminal to transmit data traffic to

the satellite for relay to the satellite base station comprises assigning a spreading code of a
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Code Division Multiplex Access (CDMA) channel for use by the terminal to transmit data

traffic to the satellite for relay to the satellite base station; and

wherein retaining the traffic channel assignment for use by the terminal while the

terminal is idle between data traffic transmissions to the satellite in response to a type of

service designation that is associated with the terminal comprises retaining the assigned

spreading code for exclusive use by the terminal while the terminal is idle between data

traffic transmissions to the satellite,

9. The method of Claim 1, wherein assigning a traffic channel for use by the

terminal to transmit data traffic to the satellite for relay to the satellite base station comprises:

communicating a registration request from the satellite base station to a serving

gateway, the registration request identifying the terminal; and

operating the serving gateway to cause searching of a database of terminal identifiers

and corresponding type of service designations responsive to the registration request to

identify the type of service designation for the identified terminal, and to communicate the

identified type of service designation to the satellite base station.

10. The method of Claim 1, wherein assigning a traffic channel for use by the

terminal to transmit data traffic to the satellite for relay to the satellite base station comprises;

operating the satellite base station and/or a serving gateway to identify a type of

service designation for the terminal responsive to data that is included in a communication

data packet which is received by the satellite base station and/or the serving gateway during

registration of the terminal.

11. The method of Claim 10, wherein operating the satellite base station and/or a

serving gateway to identify the type of service designation for the terminal comprises:

operating the serving gateway to identify a type of service designation for the terminal

responsive to data that is included in a data packet which is received by the serving gateway

from an Authorization, Authentication, and Accounting (AAA) server during registration of

the terminal.

12. The method of Claim 10, wherein operating the satellite base station and/or a

serving gateway to identify a type of service designation for the terminal responsive to data
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that is included in a communication data packet which is received by the satellite base station

and/or a serving gateway during registration of the terminal comprises:

identifying a type of service designation for the terminal from data contained in a

Differentiated Services Code Point (DSCP) header portion of the communication data packet.

13. The method of Claim 12, wherein identifying a type of service designation for

the terminal from data contained in a DSCP header portion of the communication data

packet:

identifying a type of service designation for the terminal from a value contained in bit

locations 6 and/or 7 of the DSCP header portion of the communication data packet.

14. The method of Claim 1, further comprising:

releasing the assigned traffic channel for use by another terminal in response to

determining that less than a threshold number of traffic channels are available for assignment

to other terminals.

15. The method of Claim 1, further comprising:

releasing the assigned traffic channel for use by another terminal in response to

determining that a signal quality of a communication received by the satellite from the

terminal and/or received by the terminal from the satellite is less than a threshold level.

16. The method of Claim 1, further comprising:

releasing the assigned traffic channel for use by another terminal in response to

determining that the terminal is moving at greater than a threshold velocity.

17. The method of Claim 1, further comprising:

releasing the assigned traffic channel for use by another terminal in response to

determining that the terminal has been assigned a defined priority level.

18. The method of Claim 1, further comprising:

releasing the assigned traffic channel for use by another terminal in response to

determining that the terminal is not located at one of a plurality of defined locations.

19. The method of Claim 1, further comprising:
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releasing the assigned traffic channel for use by another terminal in response to

occurrence of a time of day and/or a day of week.

20. A wireless communication system comprising:

a satellite base station that is configured to assign a traffic channel for use by a

terminal to transmit data traffic to a satellite for relay to the satellite base station, and to retain

the traffic channel assignment for use by the terminal while the terminal is idle between data

traffic transmissions to the satellite in response to a type of service designation that is

associated with the terminal.

1. The system of Claim 20, wherein:

the determined type of service designation indicates that the terminal is to be provided

reduced latency push-to-talk (PTT) protocol service and/or reduced latency Voice-Over-

Internet Protocol (VOIP) service.

22. The system of Claim 20, wherein:

the terminal is configured to respond to each of a sequence of user activations of a

push-to-talk (PTT) switch of the terminal by transmitting voice data traffic through the

retained traffic channel assignment without waiting for assignment of another traffic channel

to the terminal by the satellite base station.

23. The system of Claim 20, wherein:

the terminal is configured to respond to generation of each of a sequence of Voice-

Over-Internet Protocol (VOIP) data traffic from voice that is sensed by a microphone of the

terminal by transmitting the VOIP data traffic from the terminal through the retained traffic

channel assignment without waiting for assignment of another traffic channel to the terminal

by the satellite base station.

24. The system of Claim 20, wherein:

the satellite base station is further configured to assign a carrier frequency of a

Frequency Division Multiplex Access (FDMA) channel for use by the terminal to transmit

data traffic to the satellite for relay to the satellite base station, and to retain the assigned

carrier frequency for exclusive use by the terminal while the terminal is idle between data

traffic transmissions to the satellite.
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25. The system of Claim 20, wherein:

the satellite base station is further configured to assign a timeslot of a Time Division

Multiplex Access (TDMA channel for use by the terminal to transmit data traffic to the

satellite for relay to the satellite base station, and to retain the assigned timeslot for exclusive

use by the terminal while the terminal is idle between data traffic transmissions to the

satellite.

26. The system of Claim 20, wherein:

the satellite base station is further configured to assign a spreading code of a Code

Division Multiplex Access (CDMA) channel for use by the terminal to transmit data traffic to

the satellite for relay to the satellite base station, and to retain the assigned spreading code for

exclusive use by the terminal while the terminal is idle between data traffic transmissions to

the satellite.

27. The system of Claim 20:

further comprising a serving gateway that is configured to receive a registration

request message that was transmitted by the terminal to the satellite base station, to cause

searching of a database of terminal identifiers and corresponding type of service designations

responsive to the registration request message to identify the type of service designation for

the identified terminal, and to communicate the identified type of service designation to the

satellite base station,

wherein the satellite base station is configured to determine whether to assign and

retain a traffic channel for use by the terminal responsive to the identified type of service

designation.

28. The system of Claim 27, further comprising:

an Authorization, Authentication, and Accounting (AAA) server that is configured to

respond to the registration request message by searching the database to identify the type of

service designation for the identified terminal, and to communicate the identified type of

service designation in a Differentiated Services Code Point (DSCP) header portion of a data

packet,

29. The system of Claim 28, wherein:
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the AAA server is further configured to communicate the identified type of service

designation to the serving gateway through a value contained in bit locations 6 and/or 7 of the

DSCP header portion of the data packet.

30. The system of Claim 20, wherein:

the satellite base station is further configured to release the assigned traffic channel

for use by another terminal in response to determining that less than a threshold number of

traffic channels are available for assignment to other terminals.

31. The system of Claim 20, wherein:

the satellite base station is further configured to release the assigned traffic channel

for use by another terminal in response to determining that a signal quality of a

communication received by the satellite from the terminal and/or received by the terminal

from the satellite is less than a threshold level.

32. The system of Claim 20, wherein:

the satellite base station is further configured to release the assigned traffic channel

for use by another terminal in response to determining that the terminal is moving at greater

than a threshold velocity,

33. The system of Claim 20, wherein:

the satellite base station is further configured to release the assigned traffic channel

for use by another terminal in response to determining that the terminal has been assigned a

defined priority level.

34. The system of Claim 20, wherein:

the satellite base station is further configured to release the assigned traffic channel

for use by another terminal in response to determining that the terminal is not located at one

of a plurality of defined locations.

35. The system of Claim 20, wherein:

the satellite base station is further configured to release the assigned traffic channel

for use by another terminal in response to occurrence of a time of day and/or a day of week.
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36. A wireless communication system comprising:

a terminal that is configured to receive from a satellite base station a traffic channel

assignment for use by the terminal to transmit data traffic to a satellite for relay to the satellite

base station and a command that indicates whether the traffic channel assignment is to be

retained while idle, and to retain the traffic channel assignment for use by the terminal while

the terminal is idle between data traffic transmissions to the satellite in response to the

command indicating that the assignment is to be retained while idle.

37. The system of Claim 36, wherein:

the terminal is further configured to respond to each of a sequence of user activations

of a push-to-talk (PTT) switch of the terminal by transmitting voice data traffic through the

retained traffic channel assignment without waiting for assignment of another traffic channel

to the terminal by the satellite base station.

38. The system of Claim 36, wherein:

the terminal is further configured to respond to generation of each of a sequence of

Voice-Over-Internet Protocol (VOIP) data traffic from voice that is sensed by a microphone

of the terminal by transmitting the VOIP data traffic from the terminal through the retained

traffic channel assignment without waiting for assignment of another traffic channel to the

terminal by the satellite base station.

39. The system of Claim 36, wherein:

the terminal is further configured to receive from the satellite base station an assigned

carrier frequency of a Frequency Division Multiplex Access (FDMA) channel for use by the

terminal to transmit data traffic to the satellite for relay to the satellite base station, and to

respond to data traffic becoming ready for transmission while the terminal is idle between

data traffic transmissions to the satellite by transmitting the data traffic using the assigned

carrier frequency without requesting assigning of another carrier frequency from the satellite

base station.

40. The system of Claim 36, wherein:

the terminal is further configured to receive from the satellite base station a timeslot

of a Time Division Multiplex Access (TDMA channel for use by the terminal to transmit data

traffic to the satellite for relay to the satellite base station, and to respond to data traffic
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becoming ready for transmission while the terminal is idle between data traffic transmissions

to the satellite by transmitting the data traffic using the assigned timeslot without requesting

assigning of another timeslot from the satellite base station.

4 1. The system of Claim 36, wherein:

the terminal is further configured to receive from the satellite base station a spreading

code of a Code Division Multiplex Access (CDMA) channel for use by the terminal to

transmit data traffic to the satellite for relay to the satellite base station, and to respond to data

traffic becoming ready for transmission while the terminal is idle between data traffic

transmissions to the satellite by transmitting the data traffic using the assigned spreading code

without requesting assigning of another spreading code from the satellite base station.
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