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(57) Abstract: An approach provides a satellite air interface to efficiently support communication with a terrestrial network. One
or more packets associated with a data communication session are received from a terrestrial network configured to provide cellu-
lar communications. A frame representing the packet for transmission is generated over a satellite link to a user terminal. Signal-
ing information for the transmission of the packet over the terrestrial network is moditfied or eliminated for transmission over the
satellite link.
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TITLE OF THE INVENTION
METHOD AND SYSTEM FOR PROVIDING A SATELLITE INTERFACE
TO SUPPORT MOBILE COMMUNICATION SERVICES

BACKGROUND

[0001] Terrestrial communication systems continue to provide higher and higher
speed multimedia (e.g., voice, data, video, images, etc.) services to end-users. Such services
(e.g., Third Generation (3QG) services) can also accommodate differentiated quality of service
(QoS) across various applications. To facilitate this, terrestrial architectures are moving
towards an end-to-end all-Internet Protocol (IP) architecture that unifies all services,
including voice, over the IP bearer. In parallel, mobile satellite systems are being designed to
complement and/or co-exist with terrestrial coverage depending on spectrum sharing rules
and operator choice. With the advances in processing power of desktop computers, the
average user has grown accustomed to sophisticated applications (e.g., streaming video, radio
broadcasts, video games, etc.), which place tremendous strain on network resources. The
Web as well as other Internet services rely on protocols and networking architectures that
offer great flexibility and robustness; however, such infrastructure may be inefficient in
transporting Web traffic, which can result in large user response time, particularly if the
traffic has to traverse an intermediary network with a relatively large latency (e.g., a satellite
network). To promote greater adoption of data communication services, the
telecommunication industry, from manufacturers to service providers, has agreed at great
expense and effort to develop standards for communication protocols that underlie the
various services and features.

[0002] Satellite systems possess unique design challenges over terrestrial systems.
That is, mobile satellite systems have different attributes that make terrestrial designs either
not applicable or inefficient for satellite systems. For example, satellite systems are
characterized by long delays (as long as 260 ms one-way) between a user-terminal device and
a base-station compared to the relatively shorter delays (e.g., millisecond or less) in terrestrial
cellular systems - this implies that protocols on the satellite links have to be enhanced to
minimize impact of long propagation delays. Additionally, satellite links typically have
smaller link margins than terrestrial links for a given user-terminal power amplifier and
antenna characteristics; this implies that higher spectral efficiency and power efficiency are

needed in satellite links.
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SOME EXEMPLARY EMBODIMENTS

[0003] Therefore, there is a need for an approach for providing efficient use of
spectral resources of a satellite system when operating with terrestrial systems.

[0004] According to one embodiment of the invention, a method comprises receiving
one or more packets associated with a data communication session from a terrestrial network
configured to provide cellular communications. The method also comprises generating a
frame representing the packet for transmission over a satellite link to a user terminal.
Signaling information for the transmission of the packet over the terrestrial network is
modified or eliminated for transmission over the satellite link.

[0005] According to another embodiment of the invention, an apparatus comprises a
terrestrial interface configured to receive one or more packets associated with a data
communication session from a terrestrial network configured to provide -cellular
communications. The apparatus also comprises a satellite interface configured to generate a
frame representing the packet for transmission over a satellite link to a user terminal.

[0006] According to yet another embodiment of the invention, a method comprises
receiving a plurality of frames from a satellite, wherein the frames represent a multimedia
session transported over a terrestrial network configured to provide cellular communications.
The method also comprises generating one or more packets by modifying or adding overhead
information to information transported over the frames.

[0007] Still other aspects, features, and advantages of the invention are readily
apparent from the following detailed description, simply by illustrating a number of particular
embodiments and implementations, including the best mode contemplated for carrying out
the invention. The invention is also capable of other and different embodiments, and its
several details can be modified in various obvious respects, all without departing from the
spirit and scope of the invention. Accordingly, the drawings and description are to be

regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The embodiments of the invention are illustrated by way of example, and not
by way of limitation, in the figures of the accompanying drawings:
[0009] FIGs. 1A and 1B are diagrams of communication systems capable of
providing Internet Protocol (IP)-based communication sessions from a terrestrial domain to a

satellite domain, according to various exemplary embodiments;
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[0010] FIG. 2 is a flowchart of a process for providing IP-based communication
sessions from a terrestrial network over a satellite link, according to various exemplary
embodiments;

[0011] FIGs. 3A and 3B are, respectively, a diagram of a user plane protocol
architecture for providing a satellite air interface and a diagram of a system supporting
different core network choices, according to various exemplary embodiments;

[0012] FIG. 4 is a diagram of a control plane protocol architecture for providing a
satellite air interface, according to various exemplary embodiments;

[0013] FIGs. 5A and 5B are, respectively, a flowchart and a ladder diagram of
processes for providing spectrally efficient Voice over IP (VolP) sessions, according to
various exemplary embodiments;

[0014] FIG. 6 is a diagram of a communication system for providing media handling
to achieve circuit-switched efficiency for VolIP, according to various exemplary
embodiments;

[0015] FIGs. 7A and 7B are, respectively, a flowchart of a process for providing
multiple vocoder rate operation, and a diagram of a frame structure for supporting the
process, according to various exemplary embodiments;

[0016] FIGs. 8A and 8B are, respectively, a flowchart and a ladder diagram of
processes for providing link quality reports in support of a communications session,
according to various exemplary embodiments;

[0017] FIG. 9 is a flowchart of a process for handling transmission errors associated
with a packetized voice call, according to various exemplary embodiments;

[0018] FIGs. 10A and 10B are, respectively, a ladder diagram of a conventional
process for Session Initiation Protocol (SIP) over User Datagram Protocol (UDP) handling,
and a ladder diagram of an enhanced process for SIP over UDP handling according to an
exemplary embodiment;

[0019] FIG. 11 is a diagram of a communication system having a quality of service
(QoS) architecture, according to an exemplary embodiment;

[0020] FIG. 12 is a diagram of a communication system for supporting multiple
simultaneous flows for a user terminal with different QoS requirement, according to an
exemplary embodiment;

[0021] FIG. 13 is a flowchart of a process for efficiently multiplexing flows,

according to various exemplary embodiments;
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[0022] FIGs. 14A-14C are diagrams of exemplary frame structures for providing
multiplexing of multiple flows, according to various exemplary embodiments;

[0023] FIG. 15 is a flowchart of a process for utilizing performance enhancing proxy
(PEP) functions, according to an exemplary embodiment;

[0024] FIG. 16 is a diagram of a protocol architecture including PEP functions,
according to an exemplary embodiment;

[0025] FIG. 17 is a ladder diagram of a typical Medium Access Control (MAC)
protocol exchange over a satellite link;

[0026] FIG. 18 is a ladder diagram of a MAC protocol exchange over a satellite link
in which delay is reduced, according to an exemplary embodiment;

[0027] FIG. 19 is a flowchart of a process for efficiently utilizing resources to provide
push-to-anything, according to an exemplary embodiment;

[0028] FIG. 20 is a diagram of a communication system capable of providing push-
to-anything, according to an exemplary embodiment;

[0029] FIG. 21 is a flowchart of a process for providing dynamic link adaptation,
according to an exemplary embodiment;

[0030] FIG. 22 is a diagram of a graph show performance of a dynamic link
adaptation mechanism, according to an exemplary embodiment;

[0031] FIG. 23 is a ladder diagram of a handover process between a terrestrial
domain and a satellite domain, according to an exemplary embodiment;

[0032] FIG. 24 is a flowchart of a process for providing legal interception handling,
according to an exemplary embodiment;

[0033] FIG. 25 is a diagram of a communication system capable of providing legal
interception handling, according to an exemplary embodiment;

[0034] FIG. 26 is a diagram of hardware that can be used to implement certain
embodiments; and

[0035] FIG. 27 is a diagram of exemplary components of a user terminal configured

to operate in the systems of FIGs. 1A and 1B, according to an exemplary embodiment.

DETAILED DESCRIPTION
[0036] An apparatus, method, and software for providing a satellite interface to
support mobile communication services are disclosed. In the following description, for the

purposes of explanation, numerous specific details are set forth in order to provide a thorough
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understanding of the embodiments of the invention. It is apparent, however, to one skilled in
the art that the embodiments of the invention may be practiced without these specific details
or with an equivalent arrangement. In other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily obscuring the embodiments of
the invention.

[0037] Although certain embodiments are discussed with respect to an Internet
Protocol (IP)-based architecture, it is recognized by one of ordinary skill in the art that these
embodiments have applicability to any type of packet based communication system and
equivalent functional capabilities.

[0038] FIGs. 1A and 1B are diagrams of communication systems capable of
providing Internet Protocol (IP)-based communication sessions from a terrestrial domain to a
satellite domain, according to various exemplary embodiments. For the purposes of
illustration, a system 100 of FIG. 1A supports multimedia services using an Internet Protocol
(IP) architecture, such that end-to-end communication sessions are packetized. . By way of
example, a terrestrial core network 101 is a wireless core network that is compliant with a
Third Generation (3G) or Fourth Generation (4G) architecture; e.g., Third Generation
Partnership Project (3GPP)-based. For example, the system 100 can utilize a satellite air
interface denoted as GMR-1 3G, which is an evolution of the GMR-1 air interface standards;
GMR-1 3G has been submitted to and is currently under consideration for adoption by
European Telecommunications Standards Institute (ETSI) and the International
Telecommunication Union (ITU). The wireless core network 101 may also have
connectivity to a data network 103 and a telephony network 105.

[0039] Networks 101, 103, and 105 may be any suitable wireline and/or wireless
network. For example, telephony network 105 may include a circuit-switched network, such
as the public switched telephone network (PSTN), an integrated services digital network
(ISDN), a private branch exchange (PBX), an automotive telematics network, or other like
network. Wireless network 101 (e.g., cellular system) may employ various technologies
including, for example, code division multiple access (CDMA), enhanced data rates for
global evolution (EDGE), general packet radio service (GPRS), global system for mobile
communications (GSM), [P multimedia subsystem (IMS), universal mobile
telecommunications system (UMTS), etc., as well as any other suitable wireless medium,
¢.g., microwave access (WiMAX), wireless fidelity (WiFi), satellite, and the like. Moreover,

data network 103 may be any local area network (LAN), metropolitan area network (MAN),
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wide area network (WAN), the Internet, or any other suitable packet-switched network, such
as a commercially owned, proprietary packet-switched network having voice over Internet
Protocol (VolIP) capabilities, e.g., a proprietary cable or fiber-optic network.

[0040] Within the satellite domain, a satellite base station subsystem (SBSS) 107 is
introduced that implements the necessary modifications and enhancements for efficient
operation over a satellite 109 to one or more user terminals 111a-111n. These terminals
111a-111n can be of various types with different form factors and transmit capabilities; e.g.,
sleek hand-held terminals, personal digital assistants (PDAs), vehicular terminals, portable
terminals, fixed terminals, automotive telematics terminals, ctc.

[0041] The SBSS 107 communicates with the wireless network 101, which includes a
core network (e.g., 3G/4G) that is unchanged from terrestrial core network. This
consequently permits operators to reuse existing 3G/4G core network elements. The
interface between the SBSS 107 and the 3G/4G core network 101 can be a standard terrestrial
interface.

[0042] It is also noted that the architecture of the system 100 permits the same core
network element to simultaneously communicate with a terrestrial base station (not shown)
and the SBSS 107. This capability is illustrated in FIG. 1B. As seen, the system 100 enables
handover procedures between terrestrial base-station and the SBSS 107 to be executed via a
core network with standard procedures defined in terrestrial systems. In this example, the UT
111 has the capability to communicate over a satellite link or directly communicate with a
terrestrial radio access network 113 to the wireless network 101. By way of example, the
data network 103 is configured as an IP/IMS (IP Multimedia Subsystem) with multiple
application servers 115 supplying multimedia content. The data network 103 couples to the
PSTN 105 via a media gateway 117; the PSTN 105 can serve one or more voice terminals
119.

[0043] In the system 100, a radio access bearer (RAB) is associated with Packet Data
Protocol (PDP) context maintained between the user terminal (UT) 111 and the core network
(CN) 101. For instance, one RAB can be established for Session Initiation Protocol (SIP)
call signaling, and be maintained as long as the user wishes to make and receive calls.
Another RAB is established on demand for the transport of the voice media while a call is in
session. The satellite radio access network establishes and maintains Radio Bearers (RBs)
between the UT 111 and the S-BSS 107 necessary to satisfy, for example, Quality of Service
(QoS) requirements of the SIP call signaling and Voice over IP (VoIP) user plane RABs.
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The signaling radio bearer supports signaling connectivity between the UT 101 and the
satellite radio access network.

[0044] While specific reference will be made thereto, it is contemplated that system
100 may embody many forms and include multiple and/or alternative components and
facilities.

[0045] FIG. 2 is a flowchart of a process for providing IP-based communication
sessions from a terrestrial network over a satellite link, according to various exemplary
embodiments. In step 201, IP-based media is received at the SBSS 107 from a terrestrial
network (e.g., network 101). The SBSS 107 can then process the media flow to optimize
transmission of the IP-based media in terms of, e.g., overhead signaling, delay, or
throughput. In step 203, overhead information of the media flow is modified or eliminated
altogether for transmission over the satellite link. This processing can occur on a packet-by-
packet basis or by segments of packets. Thereafter, the IP-based media is transported over a
satellite link to the UT 111, as in step 205.

[0046] FIGs. 3A and 3B are, respectively, a diagram of a user plane protocol
architecture for providing a satellite air interface and a diagram of a system supporting
different core network choices, according to various exemplary embodiments. A user plane
protocol architecture 300 employs the following higher protocols at the end terminals (e.g.,
UT and a remote host): an application layer, a TCP/UDP layer, and an IP layer. The UT 111,
according to one embodiment, includes the following satellite domain specific protocols to
communicate with the SBSS 107: SAT-PDCP (Packet Data Convergence Protocol), SAT-
RLC (Radio Link Control), SAT-MAC (Medium Access Control), and SAT-PHY (Physical).
To interface with the terrestrial systems, the SBSS 107 provides the following protocols:
GTP-U (GPRS Tunneling Protocol — User Plane), UDP (User Datagram Protocol), IP, and
Ethernet. On the terrestrial side, the 3G-SGSN (Serving GPRS Support Node) utilizes GTP-
U, UPD, IP, L2, and L1 to communicate with the 3G-GGSN (Gateway GPRS Support Node),
which employs an IP layer to link to the remote host. Therefore, in the user plane, PDCP,
RLC, MAC and PHY layers are optimized for satellite operation. Next, the control plane is
described.

[0047] As seen in FIG. 3B, a communication system 310 utilizes an adaptation layer
311 to insulate the satellite air interface 313. Consequently, the satellite air interface 313
permits the interoperation with various core networks; e.g., 3GPP2 EVDO (Evolution Data

Optimized) core/MMD (Multimedia Domain) network 315, Universal Mobile
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Telecommunications System/IP Multimedia Subsystem (UMTS/IMS) core network 317, and
a WiMax core network 319.

[0048] FIG. 4 is a diagram of a control plane protocol architecture for providing a
satellite air interface, according to various exemplary embodiments. As shown, the SBSS
107 communicates with user terminals (UT) 111 whose radio layer (also called as Access
Stratum 401) functionality is consistent with that implemented at the SBSS 107. In this
architecture 400, protocol functions and layers above the Access Stratum 401, also referred to
as Non-Access Stratum 403 in the UTs 111 are unchanged. Accordingly, these protocols
communicate with the core network elements without any modifications to the core network
clements. Regardless of what core network elements are chosen by the operator, the satellite-
specific access stratum enhancements and modifications between SBSS and UT will remain
the same.

[0049] In the control plane, the RRC, RLC, MAC and PHY layers are optimized for
satellite operation.

[0050] According to one embodiment, at the physical layer, the waveforms can be
designed to permit operation in multiples of 31.25 kHz and with multiple slot durations.
Power efficiency is achieved via use of such waveforms as pi/2 BPSK (Binary Phase Shift
Keying), pi/4 QPSK (Quadrature Phase Shift Keying) and 16-APSK (Amplitude Phase Shift
Keying) that have lower peak-to-average ratios than their counterparts of BPSK, QPSK and
16-QAM (Quadrature Amplitude Modulation). Bit rates from, e.g., 2.4 kbps to 1 Mbps can
be achieved via the use of appropriate channel bandwidth, modulation scheme, coding rate
and burst length.

[0051] FIGs. 5A and 5B are, respectively, a flowchart and a ladder diagram of
processes for providing spectrally efficient Voice over IP (VolP) sessions, according to
various exemplary embodiments. A key attribute of an all-IP system is that, all services
including voice is carried over IP — i.e., Voice over IP or VoIP. That is, encoded voice is
transmitted across the satellite system as IP packets. Unlike circuit-switched voice, VolP
packets carry header information whose size can be 40 or 60 bytes for IPv4 and IPv6,
respectively. The percentage overhead is a function of the payload that the VoIP packet
carries; therefore lower rate vocoders that are typically used in satellite systems will incur
significantly higher percentage of overhead compared to terrestrial systems. As an example, a
terrestrial system with a 12.2 kbps Adaptive Multi-Rate (AMR) vocoder will incur a
overhead of about 66% for IPv4 (100% for IPv6) , whereas a 4 kbps vocoder used in satellite
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systems will incur an overhead of about 200 % (300% for IPv6). Moreover, this does not
take into account Layer 2 overhead that is typically used in packet systems with bandwidth
on demand, in which the overhead can be between 5 to 6 bytes leading to additional
degradation in efficiency. Therefore, VolP sessions are costly with respect to signaling
overhead.

[0052] By way of example, the VoIP session utilizes Session Initiation Protocol (SIP)
to establish voice communication between two parties. SIP protocol serves as the call control
protocol for establishing, maintaining and teardown of VolP calls. SIP provides a flexible
framework for handling multimedia services, affording the end user with flexibility in
influencing network behavior to suit their needs. This call control protocol further provides
secamless interoperability across wireline and wireless networks.

[0053] A detailed discussion of SIP and its call control services are described in IETF
RFC 2543, IETF RFC 3261 and IETF Internet draft “SIP Call Control Services”, June 17,
1999; these documents are incorporated herein by reference in their entireties. SIP messages
are either requests or responses. The user terminal 111 can be a user agent that behaves as
either a user agent client (UAC) or a user agent server (UAS), depending on the services that
the system 100 is executing. In general, a user agent client issues requests, while a user agent
server provides responses to these requests.

[0054] SIP defines various types of requests, which are also referred to as methods.
The first method is the INVITE method, which invites a user to a conference. The next
method is the ACK method, which provides for reliable message exchanges for invitations in
that the client is sent a confirmation to the INVITE request. That is, a successful SIP
invitation includes an INVITE request followed by an ACK request. Another method is a
BYE request, which indicates to the UAS that the session should be released. In other words,
BYE terminates a connection between two users or parties in a conference. The next method
is the OPTIONS method; this method solicits information about capabilities and does not
assist with establishment of a session. Lastly, the REGISTER provides information about a
user’s location to a SIP server.

[0055] According to one embodiment, the system 100 provides delivery of media
sessions using an IP-based approach. Specifically, the system 100 uses a signaling protocol
(e.g., SIP) in conjunction with a standard data packet format (e.g., Real-time Transport
Protocol (RTP)) to deliver communication services. More specifically, the signaling protocol

is used to establish, modify, and terminate a media session, while the standard data packet
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format serves as the conduit for carrying audio and video over the system 100.

[0056] To address the issue of costly overhead in support VolP traffic, an approach is
introduced that eliminates the overhead all together. As seen in FIG. 5A, in step 501, a
transmitter (UT 111 or SBSS 107 depending on the direction of information transfer)
establishes a VoIP session with a receiver (SBSS 107 or UT 111). To support voice service,
according to one embodiment, the user data stream includes the following: IP multimedia
subsystem (IMS) signaling stream, Real-Time Control Protocol (RTCP) stream, and Real-
Time Protocol (RTP) speech stream. These streams can be transported over the same bearer
(the same Packet Data Protocol (PDP) Context/ radio access bearer (RAB)) or over different
bearers.

[0057] To ensure that quality of service (QoS) differentiation can be afforded to the
voice media stream relative to that of IMS signaling a separate PDP Context/RAB can be
established for IMS signaling. This enables the optimization of bandwidth usage over the
satellite link in the system 100 (of FIG. 1) by providing the real-time, low latency guarantees
to the voice media stream. For example, session control signaling (e.g., Session Initiation
Protocol (SIP)/Session Description Protocol (SDP)) can be utilized over User Datagram
Protocol (UDP)/IP for application control between the terminals 111. SIP signaling can be
used for multimedia session control.

[0058] In step 503, the transmitter notifies the receiver of the header information
corresponding to the VoIP session. Voice payload (media) are carried over RTP/UDP/IP.
The coded speech is carried alongside the payload descriptor in the media/RTP payload.
Dual Tone Multi-frequency (DTMF) and Silence Insertion Descriptor (SID) packets are also
carried alongside the speech packets. Thus, the overhead includes the RTP/UDP/IP header.
Subsequently, the transmitter need only transmit the voice payload without the header
information to the receiver, as in step 505. The receiver, upon receiving the voice payload,
regenerates the header for the VoIP packets for further routing to the end user (step 507).
This process thus completely eliminates the RTP/UDP/IP header at the transmitter and
regenerates headers at the receiver. In other words, the transmitting entity informs the
receiving entity about the details of the header at the beginning of a VoIP call.

[0059] In the scenario of FIG. 5B, the VoIP session utilizes Session Initiation
Protocol (SIP) to establish voice communication between two parties. SIP protocol serves as
the call control protocol for establishing, maintaining and teardown of VolP calls. SIP

provides a flexible framework for handling multimedia services, affording the end user with
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flexibility in influencing network behavior to suit their needs. This call control protocol
further provides seamless interoperability across wireline and wireless networks.

[0060] For the purposes of illustration, only one party is depicted to highlight the
satellite link between the SBSS 107 and the UT 111. In step 511, the SIP exchange necessary
to establish a communication session is performed between a VoIP client (in communication
with the UT 111) and a SIP server. In an exemplary embodiment, the VoIP client can reside
within the UT 111. Next, in step 513, the VoIP client transmits header information, e.g.,
RTP/UDP/IP information, to the SBSS 107, which then stores this information. The SBSS
107 provides the association of this header information with the particular VoIP session. In
one embodiment, the scheme also takes advantage of the periodic nature of resource
allocation for transmission of VoIP payloads in order to regenerate RTP headers.

[0061] In step 515, the VoIP client generates a voice packet with uncompressed
RTP/UDP/IP information. The UT 111 strips this information from the voice packet, leaving
only the voice payload to be transmitted to the SBSS 107 over the satellite link. In this
manner, overhead information is eliminated from utilizing precious satellite capacity. At the
SBSS 107, the RTP/UDP/IP information is retrieved and used to regenerate the entire voice
packet for forwarding to the media gateway 117, for example. The media gateway 117 can
then terminate the call to the voice station 119 over the PSTN 105. In step 517, the media
gateway 117 generates a voice packet conveying information from the voice station 119; this
packet includes uncompressed RTP/UDP/IP information, which the SBSS 107 strips off. The
SBSS 107 generates a satellite frame with only the voice payload to transport to the UT 111.
At the UT 111, the voice packet is regenerated with the corresponding RTP/UDP/IP
information.

[0062] In the above process, the physical channel is defined such that a known
number of VoIP payloads are carried in each burst. The receiver is able to extract the VoIP
payloads at the physical layer and attach a header based on information received at the
beginning of the VolP session. Media handling is illustrated in FIG. 6.

[0063] To provide maximum spectrally efficiency over the satellite interface 313, all
packet overhead is removed and only the payload voice frames are transmitted. Any header
information used for communications between the vocoders are thus removed prior to
transmission on the satellite link and regenerated following reception. The PHY layer
provides indications of the channel as well as the transmission content that allows for the

indirect communication of information across the satellite link and necessary regeneration of
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header information. Before entry into the terrestrial network, e.g., core network 101, the
header information is put back.

[0064] FIG. 6 is a diagram of a communication system for providing media handling
to achieve circuit-switched efficiency for VolIP, according to various exemplary
embodiments. As shown, in the segment 601, header information is exchanged. In segment
603 (i.c., satellite link), the satellite link carries only payload. The process of FIG. 5 involves
elimination of the need to transfer details of header information in the direction from SBSS
107 to UT 111. In this example, the UT 111 is able to regenerate, in an exemplary
embodiment, the RTP/UDP/IP headers purely based on the knowledge of what the
application is using in terms of source IP address, destination IP address, source port and
destination port. Also, the SBSS 107 can regenerate the voice packets for communication
with the core network (e.g., network 101 of FIGs. 1A and 1B); segment 605 from the SBSS
107 to the core network 101 utilize headers as well as the payload.

[0065] In addition to the above arrangement, the satellite interface can be further
optimized in support of voice communications.

[0066] FIGs. 7A and 7B are, respectively, a flowchart of a process for providing
multiple vocoder rate operation, and a diagram of a frame structure for supporting the
process, according to various exemplary embodiments. Vocoder rate adaptation maintains
voice quality when channel conditions degrade. According to one embodiment, the system
100 is also capable of carrying VolIP with circuit-switched spectral efficiency even when the
vocoder is operating at multiple rates. By contrast, conventionally vocoder rate changes are
indicated explicitly within the header — e.g., via a 1-byte header. To avoid such costly
overhead, the system 100 utilizes a physical layer assisted method to determine the rate at
which the voice encoder operates. Also, a physical layer assisted header compression scheme
permits transmission of non-VolP information on the same channel as provided for VolP.

[0067] FIG. 7A shows the physical layer assisted approach. In step 701, a unique set
of reference symbols (or Unique Words) are used for determining the rate at which voice
encoder operated at the transmitter. These reference symbols can also be used to determine
whether a received burst carries voice information or non-voice information. In step 703,
these reference symbols are transmitted within the physical layer header, thereby negating
signaling such information at a higher layer.

[0068] In the example of FIG. 7B, the physical frame structures 711, 713, 715.

Frame 711 includes a unique word, UW1, corresponding to a particular rate, Rate 1, while
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frame 713 provides a different unique word, UW2, for a different rate, Rate 2. Furthermore,
yet another unique word, UW3, can be specified, as shown in frame 715, to indicate a non-
VolP communication session.

[0069] Within the core network 101, the Media/RTP flow carries coded speech for
voice services; e¢.g., the overall packets for the media flow carrying speech are
Codec/RTP/UDP/IPv6. Voice traffic within the system 100 can be based, for instance, on
Adaptive Multi-Rate (AMR) and DVSI vocoders. The RTP payload size for AMR 12.2 kbps
coded speech is 32 bytes, and for the DVSI 4 kbps coded speech it is 10 bytes. Such flow
can support Real Time/Conversational communications. In the case of a fixed packet size of
70 bytes, 60 bytes of uncompressed RTP/UDP/IPv6 header is provided every 20 ms (for
4kbps coded speech with Silence Insertion Descriptor (SID) packets during voice inactivity).
With the vocoder configured for two voice frames per packet, 80 bytes is generated every 40
ms. Alternatively, if the flow utilizes a fixed packet size of 50 bytes, 40 bytes of
uncompressed RTP/UDP/IPv4 header are provided every 20 ms (for 4kbps coded speech with
SID packets during voice inactivity). With the vocoder configured for two voice frames per
packet, 60 bytes is generated every 40 ms.

[0070] The voice payload from the DVSI vocoder is formed every 20 ms. However,
to reduce end-to-end overhead, the vocoder can also be configured to concatenate two voice
frames within a single vocoder payload, i.e. two voice frames per IP/UDP/RTP packet. The
two 20 ms frames will form a single packet transmitted across the satellite air interface (e.g.,
using a 40 ms frame).

[0071] FIGs. 8A and 8B are, respectively, a flowchart and a ladder diagram of
processes for providing link quality reports in support of a communications session,
according to various exemplary embodiments. In a VolP transaction utilizing SIP, in
addition to transfer of media via Real-Time Protocol (RTP), there is transfer of side
information, such as quality reports, via Real-Time Control Protocol (RTCP) protocol. For
example, RTCP over UDP/IP can be employed for media control, wherein the RTCP
provides feedback quality information to the source for the media carried within the RTP
flow. Transfer of side information using RTCP requires additional bandwidth on the scarce
mobile links. As described, the system 100 relies upon an approach that completely
climinates transfer of side information between transmitter (UT or SBSS depending on
direction of media transfer) and receiver (SBSS or UT), thereby conserving resources on

mobile links. The receiver creates these RTCP packets towards the client or server based on
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radio link quality, as seen at the physical layer.

[0072] RTCP is transported over UDP/IP and typically carries media control
information. The characteristics of this flow are a Variable Packet Size (can be longer than
the RTP payload) and that messages are transferred infrequently. RTCP defines different
packet types — Sender Report, Receiver Report, Source Description, BYE and APP.

[0073] In step 801, a media session is established between the transmitter and the
receiver. Next, the process examines the radio link quality at the physical layer, per step 803.
Accordingly, this eliminates the need for providing radio link quality reports at the higher
layer, such as the RTCP protocol (step 805). In step 807, the quality reports are regenerated
based on the physical layer of the radio link.

[0074] In the exemplary scenario of FIG. 8B, the steps of 811-819 are similar to those
steps 511-517 of the process of FIG. 5B. In addition, the process employs an RTCP
suppression mechanism, whereby the VolP client transmits, per step 821, a link quality
report. As with the process of FIG. 5B, the packet(s) specifying such link quality report do
not include the header information (e.g., RTCP/UDP/IP).

[0075] As another example of how VolIP sessions, particularly those involving the use
of SIP, can be supported more efficiently relates to transmission errors, as next described.

[0076] FIG. 9 is a flowchart of a process for handling transmission errors associated
with a packetized voice call, according to various exemplary embodiments. SIP messages are
textual in nature, resulting in long message lengths. Therefore, the transfer of these lengthy
messages across the air interface (e.g., satellite air interface) results in a long call setup time.
Traditionally, use of compression techniques such as SIGCOMP have been implemented to
reduce the size of SIP messages, which can typically be about several hundred bytes long.

[0077] In step 901, a communication session (e.g., SIP session) is initiated; in which a
transmission frame is generated. The process then compresses the transmission frame, as in
step 903. This compressed frame is then transmitted according to SIP, per step 905. It is
noted that typically SIP is carried over UDP, and messages carried over UDP are carried in
unacknowledged mode at the data link layer. In step 907, a transmission error is detected at
the data link layer (i.e., Layer 2 (“L2”)). Rather than rely on the higher layer protocols to
address the errors (i.e., using a retransmission scheme), the process retransmits at L2 using an
acknowledgement mode of operation (step 909).

[0078] To better appreciate this process, a conventional process for handling SIP over

UPD is described with respect to FIG. 10A.
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[0079] FIGs. 10A and 10B are, respectively, a ladder diagram of a conventional
process for Session Initiation Protocol (SIP) over User Datagram Protocol (UDP) handling,
and a ladder diagram of an enhanced process for SIP over UDP handling according to an
exemplary embodiment. As shown in FIG. 10A, conventionally, the SIGCOMP compression
is performed on the SIP message, which, as mentioned, are transported over UDP in
unacknowledged mode at the data link layer (step 1001). The compressed SIP message is
generally larger than a typical data link layer frame size. As a result, a single frame in error
will result in the entire compressed SIP message to be retransmitted (step 1003). This not
only results in increased call setup delay, but also wastes UT battery life because of power
necessary to retransmit.

[0080] By contrast, the process of FIG. 10B relies upon the acknowledged mode
operation at data link layer for SIP messages. In step 1011, the SIP client compresses the SIP
messages, and the UT 111 sends the corresponding L2 frames in the acknowledgement mode
to the SBSS 107. Consequently, upon detection of a transmission error at the data link layer,
the SBSS 107 need only signal a negative acknowledgement (NACK) for the erronecous
frame (step 1013). In response to the NACK signal, the UT 111 retransmits, as in step 1015,
only the particular frame in error, as opposed to all the frames encompassing the SIP
message. In step 1017, the SBSS 107 forwards the SIP message to the SIP server.

[0081] This process minimizes the impact of frame errors on the channel, thereby
extending battery life in comparison to the conventional approach of FIG. 10A.

[0082] FIG. 11 is a diagram of a communication system having a quality of service
(QoS) architecture, according to an exemplary embodiment. Under this scenario,
communication system 1100 provides Quality of Service (QoS) differentiation across various
applications and users. The system 1100 provides an end-to-end QoS architecture. For delay
sensitive traffic, the system 1100 provides resource reservation in the return link (link
between UT 111 and SBSS 107). The UT 111 maps IP service application requirements to
UMTS QoS parameters. The SBSS 107 implements admission control and maps radio access
bearer (RAB) QoS to radio bearer QoS (L1/L2 parameters).

[0083] The SBSS 107 communicates over an IP network 1101 to a 3G-SGSN 1103,
which maps QoS request to RAB QoS (RAB assignment parameters) based QoS profile.
Home Subscriber System (HSS) 1105 stores information about the subscriber, including QoS
profiles.  3G-SGSN 1103 has connectivity to an IP backbone network 1107 for
communicating with a 3G-GGSN 1109, which maps IP packets to PDP context with different
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QoS characteristics using, for example, TFT packet filters (e.g., address, protocol, port, SPI,
TOS). The GGSN 1109 interfaces with a firewall 1111 to reach an external IP network 1113.
A Proxy Call Session Control Function (P-CSCF) 1115 (e.g., SIP server) has access to the
external IP network 1113.

[0084] For guaranteed bit rate traffic, the system 1100 provides resource guarantees
when actual traffic has enough backlog to warrant use of guaranteed resources — when actual
traffic rate requirement is lower than guaranteed bit rate, the system 1100 distributes
available bandwidth to other flows in the system in a manner proportional to the weight
associated these other flows.

[0085] Multiple simultaneous flows in the mobile satellite system based on terrestrial
3G architecture are illustrated FIG. 12.

[0086] FIG. 12 is a diagram of a communication system for supporting multiple
simultaneous flows for a user terminal with different QoS requirement, according to an
exemplary embodiment. Under this scenario, communication system 1200 provides for flows
associated with different applications: a web browsing application 1201, a video streaming
application 1203, and a VoIP application 1205. These applications 1201, 1203, and 1205, for
the purposes of illustration, utilize different QoS parameters and are served by a common UT
111.  As such, multiple flows can arrive simultancously at the SBSS 107 according to
differing QoS requirements, and be supplied to the UT 111.

[0087] Given the fact that multiple flows are transported over the satellite air
interface, such flows can processed to achieve better spectral efficiency, as detailed below.

[0088] FIG. 13 is a flowchart of a process for efficiently multiplexing flows,
according to various exemplary embodiments. The system 100 permits multiplexing of
multiple flows belonging to different users in the same physical burst to maximize spectral
efficiency. In step 1301, the flows are monitored; these flows can be for the same terminal or
different terminals). The process determines any unused portions of the physical burst, per
step 1303. It is then determined whether the flows are for the same (or common) terminal, as
in step 1305. If the flows are for the same terminal, flow identifiers (IDs) are inserted into
the same physical layer burst (step 1307). However, if the flows are not from the same
terminal, different identifiers (e.g., MAC addresses) corresponding to the terminals are
inserted, as in step 1309, into the same physical layer burst. The burst is subsequently
transmitted, per step 1311. The formats of this physical layer burst is shown in FIGs. 14A
and 14B.
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[0089] FIGs. 14A-14C are diagrams of exemplary frame structures for providing
multiplexing of multiple flows, according to various exemplary embodiments. By way of
example, in FIG. 14A, unused portions of a physical (PHY) burst 1401 in, ¢.g., the downlink
(from the SBSS 107 to the UT 111) can be allocated to eligible flows belonging to potentially
different UTs 111 as determined by a scheduler. Physical bursts in this case may carry
multiple unique identifiers (e.g., MAC addresses) if the flows correspond to different UTs
111. In this example, the physical burst 1401 supports three different UTs 111. Accordingly,
the burst 1401 provides each UT 111 (e.g., UT1, UT2, and UT3) with an identifier (e.g.,
MAC address) and associated payload. Thus, burst 1401 includes the following fields: UT1
MAC ID and payload for UT1; UT2 MAC ID and payload for UT2; and UT3 MAC ID and
payload for UT3.

[0090] As seen in FIG. 14B, in the uplink (i.e., in the direction of UT to SBSS), the
system 100 permits multiplexing of multiple flows belonging to same user terminal 111 in a
PHY burst 1403. In this case, unused portion of the physical burst 1403 is allocated to
suitable flows of the same UT 111, as determined by the scheduler. The physical burst 1403
can specify multiple flow identifiers (e.g., addresses) for three flows to UT1: Flow ID1, Flow
ID2, and Flow ID3.

[0091] In another embodiment, a frame structure 1405 of FIG. 14C can support
efficient multiplexing of flows belonging to different traffic classes, terminal types (e.g., with
different transmit capabilities), and burst types.

[0092] FIG. 15 is a flowchart of a process for utilizing performance enhancing proxy
(PEP) functions, according to an exemplary embodiment. The system 100, as a 3G mobile
satellite system, can be designed to employ Performance Enhancing Proxies (PEP) to
improve throughput for various applications — e.g., Transmission Control Protocol (TCP)
based applications. Because much of today’s networks are either operating with or are
required to interface with the Transmission Control Protocol/Internet Protocol (TCP/IP) suite,
attention has been focused on optimizing TCP/IP based networking operations. As the
networking standard for the global Internet, TCP/IP has earned such acceptance among the
industry because of its flexibility and rich heritage in the research community. The
transmission control protocol (TCP) is the dominant protocol in use today on the Internet.
TCP is carried by the Internet protocol (IP) and is used in a variety of applications including
reliable file transfer and Internet web page access applications.

[0093] PEP functions perform a general class of functions termed “TCP spoofing,” in
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order to improve TCP performance over impaired (i.c., high latency or high error rate) links.
TCP spoofing involves an intermediate network device (the performance enhancing proxy
(PEP)) intercepting and altering, through the addition and/or deletion of TCP segments, the
behavior of the TCP connection in an attempt to improve its performance. Conventional TCP
spoofing implementations include the local acknowledgement of TCP data segments in order
to get the TCP data sender to send additional data sooner than it would have sent if spoofing
were not being performed, thus improving the throughput of the TCP connection. Generally,
conventional TCP spoofing implementations have focused simply on increasing the
throughput of TCP connections either by using larger windows over the link or by using
compression to reduce the amount of data which needs to be sent, or both.

[0094] Under this exemplary application, in step 1501, a TCP session is established
over the satellite link (i.e., from the SBSS 107 to the UT 111). Depending on the direction of
traffic, the SBSS 107 or the UT 111 can invoke the PEP function. In step 1503, it is
determined whether to apply PEP. If so, the PEP function is invoked, as in step 1505. The
PEP functionality is invoked when the SBSS 107 has visibility to TCP headers (since this is
necessary for protocol spoofing).

[0095] However, in situations where IPSec is used and TCP headers are not visible,
the system 100 relies on MAC layer protocol enhancements that does not require visibility to
TCP headers. In this embodiment, the MAC layer provides speculative grants to the UT 111
when resources are available in the system 100. These speculative grants are used by UT 111
to transmit in, e.g., the uplink without explicitly requesting for radio resources. This
eliminates the round-tip delay involved in request/grant exchange between UT 111 and SBSS
107.

[0096] FIG. 17 illustrates impact of using typical terrestrial GPRS MAC protocols,
and FIG. 18 illustrates the enhancement in performance due to the PEP functionality. TCP
provides reliable, in-sequence delivery of data between two TCP entities. These entities set
up a TCP connection, using a conventional TCP three-way handshake and then transfer data
using a window based protocol with the successfully received data acknowledged.

[0097] FIG. 16 is a diagram of a protocol architecture including PEP functions,
according to an exemplary embodiment. A protocol architecture 1600 resembles that of
architecture 300 of FIG. 3, and can be adopted by the system 100. As seen, a PEP layer
1601, 1603 is injected into the protocol architecture 1600 in a manner that does not impact

the core network protocol architecture. The PEP function can be entirely absorbed in the
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Access Stratum protocol architecture. PEP function monitors TCP transactions and speeds
up transfer of TCP segments across air interface when resources are available. It also
prevents TCP windows from collapsing due to errors on the radio links.

[0098] FIG. 17 is a ladder diagram of a typical Medium Access Control (MAC)
protocol exchange over a satellite link. This process begins, per step 1701, with a TCP server
outputting a TCP segment to the SBSS 107, which generates multiple L2 frames for
transmission over the satellite link to the UT 111. These L2 frames are then used to
regenerate the TCP segment, which is then provided to the TCP client. The TCP client
subsequently acknowledges, as in step 1703, the received TCP segment by issuing a TCP
ACK message. This ACK message triggers a resource allocation process, in which the UT
111 requests resources for sending the ACK message to the SBSS 107. In step 1705, the UT
111 submits a request for resource, and the SBSS responds with a resource grant (step 1707).
Per steps 1709 and 1711, the UT 111 provides information relating to the resource request
(e.g., backlog, priority, etc.) to the SBSS 107, which then sends a grant based on this
information. Thereafter, the UT 111 can send the TCP ACK message over the L2 frames to
the SBSS 107, as in step 1713. Lastly, the SBSS 107 forwards the TCP ACK message to the
TCP server. In this process, the resource allocation procedure for simply forwarding the TCP
ACK is expensive, introducing significant delay. In recognition of this drawback, an
approach is provided (shown in FIG. 18) that minimizes the delay stemming from the
resource allocation procedure.

[0099] FIG. 18 is a ladder diagram of a MAC protocol exchange over a satellite link
in which delay is reduced, according to an exemplary embodiment. In step 1801, the TCP
server sends a TCP segment, resulting in the generation and transmission of L2 frames from
the SBSS 107 to the UT 111 as in the process of FIG. 17. Unlike this process, in step 1803,
recognizing that an acknowledgement message will be forthcoming, the SBSS 107 submits a
speculative uplink grant for the anticipated TCP ACK.

[00100] In step 1805, the UT 111 forwards the TCP segment to the TCP client. After
receipt of the TCP segment, the TCP client, per step 1807, submits a TCP ACK. At this
point, the UT 111 can immediately forward the TCP ACK over the satellite link, as resources
had been pre-allocated. In step 1809, the TCP ACK is received by the SBSS 107 and
forwarded to the TCP server. The typical resource allocation procedure is avoided in this
process, thereby reducing delays associated with such a procedure.

[00101] FIG. 19 is a flowchart of a process for efficiently utilizing resources to
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provide push-to-anything, according to an exemplary embodiment. The system 100, in
certain embodiments, also permits carriage of resource efficient Push-to-Anything services.
Under this scenario, the end-to-end architecture of system 100 relies upon terrestrial IP
multimedia subsystem (IMS) elements such as PoC servers (as shown in FIG. 20). By way of
example, the push-to-anything process of FIG. 19 is explained with respect to the architecture
of FIG. 20.

[00102] With the architecture 2000, the IMS core 103 includes one or more PoC
servers 2001, a presence server 2003, and a SIP proxy/registrar server 2005. The presence
server 2003 provides information on the availability of a particular user to receive the PoC
communication. The SIP proxy/registrar server 2005 assists with establishing SIP sessions.

[00103] In step 1901, the POC server 2001 receives media as part of the push-to-
anything service. Next, the PoC server 2001 injects, as in step 1903, multiple unicast streams
towards the SBSS 107. It is recognized that the radio resource usage can be made
significantly more efficient for the satellite link. Namely, the SBSS 107 need only transmit
one such stream, per step 1905, in a given spot-beam (e.g., beams 2007 and 2009), thereby
significantly saving radio resources and satellite power. In step 1907, the user terminal (with
the PoC client) receives the single stream.

[00104] A further mechanism for achieving spectral efficiency over the satellite air
interface involves examining the channel conditions.

[00105] FIG. 21 is a flowchart of a process for providing dynamic link adaptation,
according to an exemplary embodiment. This process utilizes dynamic link adaptation
whereby the transmit power, modulation scheme, coding scheme and resource allocation are
adjusted based on UT channel condition. In step 2101, the UT channel condition is
determined. After this determination, the UT power can be set, as in step 2103. For
example, to maximize throughput, UT power is adjusted upto a threshold so as to mitigate an
impaired channel condition. When UT transmit power reaches a threshold (as determined in
step 2105), modulation and coding schemes are adjusted to maximize throughput, per step
2107. In certain applications, guaranteed bit rate flows may be supported. As such, for
guaranteed bit rate flows (as determined in step 2109), resource allocations can also be
adjusted so as to keep the information rate constant, as in step 2111.

[00106] The performance enhancement obtain through the application of the above
scheme is shown in FIG. 22.

[00107] FIG. 22 is a diagram of a graph show performance of a dynamic link
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adaptation mechanism, according to an exemplary embodiment. Specifically, graph 2200
shows three different coding rates, R1, R2, and R3 (in ascending order of rates). As seen,
throughput can be maximized for each of the rates after a particular signal-to-noise (SNR)
level.

[00108] FIG. 23 is a ladder diagram of a handover process between a terrestrial
domain and a satellite domain, according to an exemplary embodiment. In the example, the
system 100 (of FIG. 1B) supports in-session handovers between terrestrial and satellite
domains via coordination of resources via, ¢.g., a central resource manager (not shown). In
step 2301, the UT 111 is in session with terrestrial network 113. In step 2303, the SBSS 107
communicates with the terrestrial network 113 to convey information regarding the satellite
radio resources. When the UT 111 is in session on a terrestrial network (e.g., network 113),
the terrestrial network 113 provides opportunities for the UT 111 to make measurements of
adjacent terrestrial cells as well as the overlaid satellite spot-beams (step 2305). Information
about satellite spot-beams is provided to the terrestrial RAN 113 by the central resource
manager in form of measurement reports, per step 2307. In turn, the terrestrial network 113
supplies the satellite parameters, as in step 2309.

[00109] Based on measurement reports received by the terrestrial network 113 (step
2305), the terrestrial network decides whether the user terminal should be handed over to a
terrestrial cell or satellite spot-beam (step 2309). If the decision is a satellite spot-beam, then
the network 113 informs user terminal 111 about the details of the satellite spot-beam. The
user terminal 111 then continues the session, as in step 2311, with the satellite system and
abandons the terrestrial system 113.

[00110] FIG. 24 is a flowchart of a process for providing legal interception handling,
according to an exemplary embodiment. Satellite spot-beams generally cover a relatively
wide area (e.g., several hundred kilometers in radius) compared to a terrestrial cell (e.g., 2-3
km radius). Therefore a satellite spot-beam can span across multiple countries and
jurisdictions. Many countries require that a call originated from that country be interceptible
in that country. Legal interception points are typically in the core network domain.

[00111] To achieve this, the system 100 can utilize the SBSS 107 to determine the
position of the UT 111 (step 2401). That is, the SBSS 107 can track where the packets are
routed based on UT position, per step 2403. According to one embodiment, the SBSS 107
receives or estimates the UT position at the time of session origination; and this position

information is updated in-session upon UT movement. Depending on UT position, the SBSS
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107 has a routing functionality to multiple core network elements. This is illustrated in FIG.
25 below.

[00112] FIG. 25 is a diagram of a communication system capable of providing legal
interception handling, according to an exemplary embodiment. Under the architecture 2500,
the SBSS 107 interfaces with two different terrestrial systems 2501 and 2503. The SBSS
routing functionality can facilitate legal interception in core network based on the position of
the UT. For instance, UT-1 is determined to be in the jurisdiction of country A, and thus, the
SBSS 107 forwards traffic, denoted UT-1 traffic, to the terrestrial system 2501 of country A.
Also, upon determining that the UT-2 is within the borders of country B, the SBSS 107
routes UT-2 traffic to the terrestrial system 2503 of country B.

[00113] One of ordinary skill in the art would recognize that the processes for
providing a satellite interface to support mobile communication services may be implemented
via software, hardware (e.g., general processor, Digital Signal Processing (DSP) chip, an
Application Specific Integrated Circuit (ASIC), Field Programmable Gate Arrays (FPGAs),
etc.), firmware, or a combination thercof. Such exemplary hardware for performing the
described functions is detailed below.

[00114] FIG. 26 illustrates exemplary hardware that can be used to implement
certain embodiments. A computing system 2600 includes a bus 2601 or other
communication mechanism for communicating information and a processor 2603 coupled to
the bus 2601 for processing information. The computing system 2600 also includes main
memory 2605, such as a random access memory (RAM) or other dynamic storage device,
coupled to the bus 2601 for storing information and instructions to be executed by the
processor 2603. Main memory 2605 can also be used for storing temporary variables or
other intermediate information during execution of instructions by the processor 2603. The
computing system 2600 may further include a read only memory (ROM) 2607 or other static
storage device coupled to the bus 2601 for storing static information and instructions for the
processor 2603. A storage device 2609, such as a magnetic disk or optical disk, is coupled to
the bus 2601 for persistently storing information and instructions.

[00115] The computing system 2600 may be coupled via the bus 2601 to a display
2611, such as a liquid crystal display, or active matrix display, for displaying information to a
user. An input device 2613, such as a keyboard including alphanumeric and other keys, may
be coupled to the bus 2601 for communicating information and command selections to the

processor 2603. The input device 2613 can include a cursor control, such as a mouse, a
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trackball, or cursor direction keys, for communicating direction information and command
selections to the processor 2603 and for controlling cursor movement on the display 2611.

[00116] According to various embodiments of the invention, the processes described
herein can be provided by the computing system 2600 in response to the processor 2603
executing an arrangement of instructions contained in main memory 2605. Such instructions
can be read into main memory 2605 from another computer-readable medium, such as the
storage device 2609. Execution of the arrangement of instructions contained in main
memory 2605 causes the processor 2603 to perform the process steps described herein. One
or more processors in a multi-processing arrangement may also be employed to execute the
instructions contained in main memory 2605. In alternative embodiments, hard-wired
circuitry may be used in place of or in combination with software instructions to implement
the embodiment of the invention. In another example, reconfigurable hardware such as Field
Programmable Gate Arrays (FPGAs) can be used, in which the functionality and connection
topology of its logic gates are customizable at run-time, typically by programming memory
look up tables. Thus, embodiments of the invention are not limited to any specific
combination of hardware circuitry and software.

[00117] The computing system 2600 also includes at least one communication
interface 2615 coupled to bus 2601. The communication interface 2615 provides a two-way
data communication coupling to a network link (not shown). The communication interface
2615 sends and receives electrical, electromagnetic, or optical signals that carry digital data
streams representing various types of information. Further, the communication interface
2615 can include peripheral interface devices, such as a Universal Serial Bus (USB)
interface, a PCMCIA (Personal Computer Memory Card International Association) interface,
etc.

[00118] The processor 2603 may execute the transmitted code while being received
and/or store the code in the storage device 2609, or other non-volatile storage for later
execution. In this manner, the computing system 2600 may obtain application code in the
form of a carrier wave.

[00119] The term “computer-readable medium” as used herein refers to any medium
that participates in providing instructions to the processor 2603 for execution. Such a
medium may take many forms, including but not limited to non-volatile media, volatile
media, and transmission media. Non-volatile media include, for example, optical or magnetic

disks, such as the storage device 2609. Volatile media include dynamic memory, such as
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main memory 2605. Transmission media include coaxial cables, copper wire and fiber
optics, including the wires that comprise the bus 2601. Transmission media can also take the
form of acoustic, optical, or electromagnetic waves, such as those generated during radio
frequency (RF) and infrared (IR) data communications. Common forms of computer-
readable media include, for example, a floppy disk, a flexible disk, hard disk, magnetic tape,
any other magnetic medium, a CD-ROM, CDRW, DVD, any other optical medium, punch
cards, paper tape, optical mark sheets, any other physical medium with patterns of holes or
other optically recognizable indicia, a RAM, a PROM, and EPROM, a FLASH-EPROM, any
other memory chip or cartridge, a carrier wave, or any other medium from which a computer
can read.

[00120] Various forms of computer-readable media may be involved in providing
instructions to a processor for execution. For example, the instructions for carrying out at
least part of the invention may initially be borne on a magnetic disk of a remote computer. In
such a scenario, the remote computer loads the instructions into main memory and sends the
instructions over a telephone line using a modem. A modem of a local system receives the
data on the telephone line and uses an infrared transmitter to convert the data to an infrared
signal and transmit the infrared signal to a portable computing device, such as a personal
digital assistant (PDA) or a laptop. An infrared detector on the portable computing device
receives the information and instructions borne by the infrared signal and places the data on a
bus. The bus conveys the data to main memory, from which a processor retrieves and
executes the instructions. The instructions received by main memory can optionally be
stored on storage device either before or after execution by processor.

[00121] FIG. 27 is a diagram of exemplary components of a user terminal configured
to operate in the systems of FIGs. 1A and 1B, according to an exemplary embodiment. A
user terminal 2700 includes an antenna system 2701 (which can utilize multiple antennas) to
receive and transmit signals. The antenna system 2701 is coupled to radio circuitry 2703,
which includes multiple transmitters 2705 and receivers 2707. The radio circuitry
encompasses all of the Radio Frequency (RF) circuitry as well as base-band processing
circuitry. As shown, layer-1 (L1) and layer-2 (L2) processing are provided by units 2709 and
2711, respectively. Optionally, layer-3 functions can be provided (not shown). Module 2713
executes all Medium Access Control (MAC) layer functions. A timing and calibration
module 2715 maintains proper timing by interfacing, for example, an external timing

reference (not shown). Additionally, a processor 2717 is included. Under this scenario, the

24



WO 2009/143063 PCT/US2009/044361

user terminal 2700 communicates with a computing device 2719, which can be a personal
computer, work station, a Personal Digital Assistant (PDA), web appliance, cellular phone,
ctc.

[00122] While the invention has been described in connection with a number of
embodiments and implementations, the invention is not so limited but covers various obvious
modifications and equivalent arrangements, which fall within the purview of the appended
claims. Although features of the invention are expressed in certain combinations among the

claims, it is contemplated that these features can be arranged in any combination and order.
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CLAIMS

What is claimed is:

1. A method comprising:
receiving one or more packets associated with a data communication session
from a terrestrial network configured to provide cellular communications; and
generating a frame representing the packet for transmission over a satellite 1
link to a user terminal, wherein signaling information for the transmission of the
packet over the terrestrial network is modified or eliminated for transmission over the

satellite link.

2. A method according to claim 1, wherein the data communication session
provides one of a telephony service, a paging service, a messaging service, or broadband data

service.

3. A method according to claim 1, wherein the data communication session is a

Voice over Internet Protocol session.

4. A method according to claim 1, wherein the VolP session is established

according to a session initiation protocol (SIP).

5. A method according to claim 1, wherein the frame is generated at a satellite
base station configured to communicate with a satellite configured to transmit the frame over

a spot beam to a user terminal.
6. A method according to claim 5, wherein the satellite base station utilizes an air
interface that includes a physical layer, a Medium Access Control (MAC) layer, a radio link

control (RLC) layer, and a radio resource control (RRC) layer.

7. A method according to claim 6, wherein the terrestrial network includes one or

more Internet Protocol multimedia subsystem (IMS) elements.
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8. A method according to claim 7, wherein the satellite base station utilizes an
interface to communicate with the terrestrial network, the interface includes an Ethernet layer

and an Internet Protocol (IP) layer.

9. An apparatus comprising:

a terrestrial interface configured to receive one or more packets associated
with a data communication session from a terrestrial network configured to provide
cellular communications; and

a satellite interface configured to generate a frame representing the packet for
transmission over a satellite link to a user terminal, wherein signaling information for
the transmission of the packet over the terrestrial network is modified or eliminated

for transmission over the satellite link.

10.  An apparatus according to claim 9, wherein the data communication session
provides one of a telephony service, a paging service, a messaging service, or broadband data

service.

11.  An apparatus according to claim 9, wherein the data communication session is

a Voice over Internet Protocol session.

12.  An apparatus according to claim 9, wherein the VolP session is established

according to a session initiation protocol (SIP).

13.  An apparatus according to claim 9, wherein the frame is generated at a
satellite base station configured to communicate with a satellite configured to transmit the

frame over a spot beam to a user terminal.

14.  An apparatus according to claim 13, wherein the satellite base station utilizes
an air interface that includes a physical layer, a Medium Access Control (MAC) layer, a radio

link control (RLC) layer, and a radio resource control (RRC) layer.

15.  An apparatus according to claim 14, wherein the terrestrial network includes

one or more Internet Protocol multimedia subsystem (IMS) elements.
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16.  An apparatus according to claim 15, wherein the satellite base station utilizes
an interface to communicate with the terrestrial network, the interface includes an Ethernet

layer and an Internet Protocol (IP) layer.

17. A method comprising:

receiving a plurality of frames from a satellite, wherein the frames represent a
multimedia session transported over a terrestrial network configured to provide
cellular communications; and

generating one or more packets by modifying or adding overhead information

to information transported over the frames.

18. A method according to claim 17, wherein the multimedia session provides one

of a telephony service, a paging service, a messaging service, or broadband data service.

19. A method according to claim 17, wherein the multimedia session is a Voice

over Internet Protocol session.

20. A method according to claim 17, wherein the VoIP session is established

according to a session initiation protocol (SIP).
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