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METHODS AND APPARATUS FOR CELLULAR BROADCASTING AND
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of U.S. Provisional Patent
Applications No. 60/567,234, filed on May 1, 2004, and 60/665,184 and 60/665,205,
filed on March 25, 2005 by Waltical Solutions, Inc.

TECHNICAL FIELD

[0002] The disclosed embodiments relate, in general, to wireless
communication and include methods and apparatus for signal broadcasting which is

augmented by individual signals.
BACKGROUND

[0003] The evolution of wireless systems has followed two different paths: radio
and television broadcasting. Wireless communication started with paging and
dispatch systems. Wireless voice communication became a booming industry in the
past two decades. The last five years has witnessed many wireless data
communication systems such as wireless local area network (WLAN) and
broadband wireless access (BWA) systems. With digitalization and the
advancements of the digital communication technology, digital broadcasting has
become a new trend with digital video broadcast (DVB) and digital audio broadcast

(DAB) systems as examples.

[0004] Recently, there is a trend of merging wireless technologies to provide
support to multimedia applications in integrated environments. The third generation
(3G) wireless communication systems have already integrated voice and data
services. The recent WiMax technology is focused on a single platform to support
broadband application with quality of service (QoS).
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[0005] Naturally, the integration of the broadcast and the communication
systems is the next step in the evolution of the wireless systems, but involves many
challenges. For example, the broadcast system needs to deal with broadcast
channels that have different characteristics. Also, the scheduler needs to optimally
work with two downlink transmission paths: the broadcast channel and the regular
(individual) channel. However, integration of a broadcast system with a
communication system without sharing certain control information is not an
optimized solution.

[0006] In a broadcasting system, content data from the source is delivered to
multiple transmission base stations, which broadcast to receivers using a particular
transmission method such as Orthogonal Frequency Division Modulation (OFDM).
To alleviate the problem of interference from different base stations, the
broadcasting data is simultaneously transmitted by all the base stations using same
time/frequency resource. This type of network configuration is commonly known as
the single frequency network (SFN), which has been used in applications such as
the digital video broadcasting (DVB) system.

[0007] In the case of the DVB, the broadcasting video data, which is in the
format of Moving Picture Experts Group 2 (MPEG-2) transport streams, is coded into
a mega-frame format and is distributed to the base stations with a time stamp in the
synchronized bit stream. The base stations are all synchronized to a common time
source and use the time stamp to synchronize exact transmission time of the
broadcast data. However, recently more and more new wireless data network
infrastructures use packet data networks as their backbone. A packet data network
has a bursty packet arrival pattern, random receiving packet order and multiple
distribution paths, which is significantly different from those of the MPEG-2 transport
streams. Therefore, the DVB approach is not suitable for a packet data network and
for a SFN video broadcasting that uses a packet data network backbone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 illustrates system architecture of a cellular wireless system.
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[0009] Figure 2 illustrates a cellular system with a base station that broadcasts
data to mobile stations using either a downlink broadcast channel or a downlink

regular channel.

[0010] Figure 3 illustrates an adaptable frame structure (AFS) in a TDD system,
wherein each subframe in a TDD frame can be designed to fit a special application.

[0011] Figure 4 illustrates two examples of channel scheduling for an AFS

system, using multiple frequency bands.

[0012] Figure 5 illustrates another example of a system frame structure
configuration that has two types of 5ms frames: a video frame and a data frame.

[0013] Figure 6 illustrates system architecture of an Intelligent Scheduling
Agent (IMA).

[0014] Figure 7 illustrates an example of an intelligent bit stream scheduling for
AFS.

[0015] Figure 8 illustrates a basic architecture of a synchronized packet

distribution network (SPDN).

[0016] Figure 9 is an example of a distribution data packet format.

[0017] Figure 10 is another example of the distribution data packet format.
[0018] Figure 11 is yet another example of the distribution data packet format.
[0019] Figure 12 illustrates a distribution data packet format.

[0020] Figure 13 illustrates DA and RA processes.

DETAILED DESCRIPTION

[0021] Various embodiments of the invention will now be described. The
following description provides specific details for a thorough understanding and
enabling description of these embodiments. One skilled in the art will understand,

however, that the invention may be practiced without many of these details.
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Additionally, some well-known structures or functions may not be shown or
described in detail, so as to avoid unnecessarily obscuring the relevant description

of the various embodiments

[0022] The terminology used in the description presented below is intended to
be interpreted in its broadest reasonable manner, even though it is being used in
conjunction with a detailed description of certain specific embodiments of the
invention. Certain terms may even be emphasized below; however, any terminology
intended to be interpreted in any restricted manner will be overtly and specifically

defined as such in this Detailed Description section.

[0023] The disclosed embodiments of this invention present methods and
apparatus for cellular broadcasting and communication systems. The multiple
access technology mentioned herein can be of any special format such as Code
Division Multiple Access (CDMA), Time Division Multiple Access (TDMA), Frequency
Division Multiple Access (FDMA), Orthogonal Frequency Division Multiple Access
(OFDMA), or Multi-Carrier Code Division Multiple Access (MC-CDMA).

[0024] Without loss of generality, OFDMA is employed herein as an example to
illustrate different aspects of these embodiments. The cellular broadcasting and
communication system can operate with both the time division duplexing (TDD) and
frequency division duplexing (FDD).

[0025] In a wireless network, there are a number of base stations, each of
which provides coverage to its designated area, normally called a cell. If a cell is
divided in to sectors, from system engineering point of view each sector can be
considered as a cell. In this context, the terms “cell” and “sector” are
interchangeable. |

[0026] A base station serves as a focal point for distributing information to and
collecting information from its mobile stations by radio signals. The mobile station is
the communication interface between the user and the wireless network. The
transmission from a base station to a mobile station is called a "downlink" and the
transmission from a mobile station to a base station is called an "uplink." The terms

“user” and “receiver” have been used interchangeably. The term "mobile station”
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represents the user terminal in a fixed wireless system or a portable device with the
wireless communication interface. Figure 1 shows the system architecture of a

cellular system.

[0027] There is at least one control server (CS) in a multi-cell wireless network,
which controls one or multiple base stations (BS). The control server is connected to
the base stations via the backbone network. The backbone network can be either
wired network or wireless network. It can also be either a circuit switched network or
a packet data network. The backbone network may also connect to other servers in
the system, such as a number of authentication/authorization/accounting (AAA)

servers, content servers, and network management servers.

[0028] A "Cellular Broadcasting and Communication System" is a special type
of cellular wireless system. In the following description, the term “Cellular System” is
used as an abbreviation of the “Cellular Broadcasting and Communication System.”
The Cellular System employs at least three radio channels, as described below:

1. Downlink Broadcast Channel, which carries the broadcast data signal to all
the mobile stations. For each cell, the broadcast signal can be transmitted
independently or in a coordinated manner, using technologies such as SFN

(same frequency network).

2. Downlink Regular Channel, which carries the signal designated to a specific
mobile station in a cell. Antenna beam forming and multicast technologies

can be used to enhance the transmission on downlink regular channels.

3. Uplink Channel, which can be used to send feedback information that may
include receiver requests, the ACK/NACK for each downlink data packet,
and/or the downlink signal quality information of each individual mobile
station.

[0029] In many multimedia applications, the application data is encoded into
multiple application bit streams by the content server, using source coding schemes.
The disclosed embodiments also define a system component called IMA (Intelligent
Scheduling Agent) in the transmitter of a base station, which maps multiple
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application streams into the underlying wireless channels based on the system
control information and the feedback from the receivers.

[0030] The base station transmits broadcasting data to mobile stations via the
downlink broadcast channel or the downlink regular channel. The choice of
scheduling method for a particular bit stream and for a specific radio channel directly
impacts the system behavior, such as the system capacity and performance. This is
because the two types of downlink channels have different characteristics. Special
arrangements can be made for a group of individual mobile stations to improve the
overall coverage. Furthermore, based on the feedback information transmitted by
individual mobile stations through the uplink channel, augment signals can be sent

to selected individual mobile stations if their received signals need improvement.

Cellular Broadcasting and Communication System

[0031] For each cell, the (downlink) broadcast signal can be transmitted
independently or in coordination. In one embodiment, multiple base stations are
coordinated to transmit the same broadcast signal simultaneously using single
frequency network (SFN) technology. The modulation and coding scheme (MCS) of
the downlink broadcast channel is usually affected by general statistics of the
wireless system, possibly obtained through pre-deployment site survey or cellular

network planning.

[0032] The downlink regular channel, which is usually defined for a single cell,
carries signals that are designated to one mobile station. Typically, for each mobile
station the regular channel signal content and/or format is different. The data content
also includes downlink data and control information such as digital rights
management messages. The MCS of the downlink regular channel is determined by
individual user's downlink signal quality, which is obtained from the user feedback.
Antenna beam forming can enhance the signal quality of the downlink regular
channel. Data transmission to multiple mobile stations in the downlink regular

channel may also be combined to use multicast schemes.

[0033] The mobile stations use the uplink channel to transmit uplink data to the

base station, which includes both data and control information such as digital rights
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management messages. The uplink channel can also be used to send feedback

information that may include:

1. Receiver Request, wherein a receiver can specify its preference, or
request something via the uplink channel. The request, for example, can
be a command entered by a user to switch to another TV program or to
order a high definition TV program.

2. A Receiver Feedback, wherein the feedback may indicate downlink
channel receiving quality. In one embodiment, the Signal to Noise Ratio
(SNR) of the downlink channel is reported in the uplink channel. The
receiver feedback information may be packet based, such as automatic

repeat request (ARQ) feedback.

[0034] In a Cellular System, as illustrated in Figure 2, the base station transmits
broadcasting data to mobile stations through either the downlink broadcast channel
or the downlink regular channel. The system augments the broadcast signals to
those individual users that feed back an unacceptable quality of downlink signals.
The system augments are prepared based on the feedback information transmitted

by the individual mobile station through the uplink channel.

[0035] The following embodiments are examples of Cellular Systems using

different frame structure and transmission schemes.

[0036] In some embodiments an adaptable frame structure (AFS) system is
employed wherein a transmission frame comprises multiple subframes, each
containing a downlink transmission period and an uplink transmission period. A
downlink broadcasting signal is used to indicate to the receivers the configuration of
each subframe.

[0037] The downlink and uplink period configuration in each subframe can be
independently adapted to support applications with a variety of traffic patterns, from
symmetric to highly asymmetric. A frame is divided into multiple subframes with
flexible mix of subframe types. Therefore, a great variety of applications such as
normal two-way data communications, voice communications, video, and data

broadcasting are efficiently supported in a single frequency band. Using multiple
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frequency bands increases capacity or adds more flexibility. As shown in the
embodiment of Figure 3, each subframe in a TDD frame is designed to fit a special

application, such as voice, data, or video.

[0038] In one embodiment, a cellular system uses AFS, the frame of which has
two different types of subframes: the video and the data subframes. The video
subframe is used as the downlink broadcast channel. The data subframe includes a
downlink period that is used as downlink regular channel, and an uplink period that

is used for transmitting uplink feedback information.

[0039] In another embodiment, the video subframe of the AFS system uses

SFN to simultaneously broadcast the same radio signal from the base stations.

[0040] In yet another embodiment, there are multiple frequency bands in an
AFS Cellular System. Without loss of generality, Figure 4 shows a system with two
frequency bands fq and fp. Based on the system configuration, the AFS video and
data subframes can use both bands. In one embodiment each frequency band is
used by the two downlink and the one uplink cannels and in another embodiment
one frequency band is exclusively used by the downlink broadcast channel and the
other is used by the downlink regular channel and the uplink channel. The downlink

broadcast channel is defined as the video subframe in both frequency bands.

[0041] With a more generic definition for adaptive frame structure, a Cellular
System can have two types of 5ms frames: the video frame and the data frame. As
shown in Figure 5, these two types of frames are interleaved. The mixing ratio of the
frame types is defined either by the system configuration or by the incoming data
pattern. The uplink period of a data frame is used as the uplink channel, the
downlink period of the data frame is used as the downlink regular channel, and the

video frame is used as the downlink broadcast channel.

[0042] Frame configuration 4 in Figure 5 illustrates a special design to reduce
power consumption of those mobile terminals which only receive video broadcast
data. The mobile terminal only wakes up periodically at the video frame when its
video burst is broadcasted. It buffers the video content up to its burst buffer limit and

goes into power saving mode afterwards. With the buffered video data, it can play
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back video stream continuously. The mobile terminal remains in the power saving

mode until the next video burst arrives.

Multiple Application Bit Streams

[0043] In many multimedia applications, using a source coding scheme, the
application data is encoded by the content server into multiple application bit
streams. In the presented embodiments, these streams are identified by S1, S2, ...,

Sn, where n = 1.

[0044] In one embodiment, a digital TV program is encoded and compressed
into three bit streams; namely, an audio stream, a basic video stream containing low
resolution video information, and a complementary video stream that carries
differential information for a receiver to reproduce, together with the basic bit stream,

high-resolution images of the same video content.

[0045] In another embodiment, the broadcast data is encoded into two bit
streams for reliable transmission. The original bit stream is broadcasted in
sequence. If a receiver fails to receive the original data, it can request

retransmission bit stream which contains those lost packets.

[0046] In yet another embodiment, high definition television (HDTV) broadcast
data is encoded into three streams using hierarchical source code. S1 contains a
basic video stream for low resolution receivers in mobile devices such as cell phones
and personal data assistants (PDA). S2 is a complementary video stream that
carries the differential information for a receiver to replay the same program with
standard definition television (SDTV) quality. And S3 carries the differentiation
information between SDTV and HDTV.

[0047] The bit streams generated by the content server may be forwarded to
the base stations directly or relayed to the base stations via their control server. The
bit streams may also be modified by the control server to add control information.
The control information will be removed when transmitted from the base stations to
the mobile stations.

[0048] In one embodiment for SFN based broadcast, the original streams S1,

S2, ..., Sn, are first transmitted to the control servers. The control servers insert time



WO 2006/105010 PCT/US2006/011088

synchronization information tags and attach them to the streams. The modified
streams S1’, S2, ..., Sn' are transmitted to the base stations via the backbone
network. The base stations use the tag to synchronize their transmission time. The
attached tags are removed from the streams when they are broadcasted to the

mobile stations.

Intelligent Scheduling Agent

[0049] The multiple bit streams are mapped into the underlying two downlink
radio channels in a Cellular System by a system component called an "Intelligent
Scheduling Agent" (IMA). Figure 6 illustrates the system architecture of an IMA. In
one embodiment, there are five system components in an IMA: (1) Transmission
Mapping Engine, (2) Application Bit Stream Queues, (3) Scheduler, (4) Decision
Making Database, and (5) Feedback Collector. The IMA components can be
implemented as distributed software processes. In a Cellular System, the IMA
system components can either reside in the control server or be integrated with the
base station.

[0050] The input application bit streams are first stored in the Application Bit
Stream Queues. A scheduling data or decision is made by the Scheduler, which
consults with the Decision Making Database for system control information, and
generates scheduling decisions based on system objectives. The Transmission
Mapping Engine multiplexes the bit streams into different channels based on the
scheduling decisions. The Feedback Collector forwards receiver feedback to the
Decision Making Database, which will be used by a scheduling algorithm of the
Scheduler.

[0051] In one embodiment, the Application Bit Stream Queues, Scheduler, and
Decision Making Database are implemented in the control server and the
Transmission Mapping Engine and the Feedback Collector are implemented in the
base station. The scheduling decision is forwarded to the Transmission Mapping
Engine together with the application data stream. The Feedback Collector reports
the user feedback information back to the central control server, where the Decision
Making Database is updated.

10
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[0052] In another embodiment, all the IMA system components are integrated
with the base station in an AFS Cellular System. As illustrated in Figure 7, S1, S2
and S3 are generated by the content server and transmitted to the control servers
first. The control servers insert time synchronization tags into the streams and then
forward them to the base stations via the backbone network. The time
synchronization tags are used to indicate transmission time for all the base stations
in SFN operation. The modified S1, S2 and S3 streams are marked as S1’, S2’, and
S3'.

[0053] The adaptable frame structure has a video subframe which performs
16QAM with SFN. The tags in the streams are removed by the base stations and the
original 81, S2 and S3 are broadcasted simultaneously. The IMA in each base
station buffers the S1 in its application bit stream queue. For a user who cannot
decode the video subframe correctly, the base station will establish a downlink
regular channel to the user based on the user's request and a channel quality report.
The regular channel is defined in the AFS data subframe using QPSK modulation.

Application Bit Stream Queues

[0054] The application bit streams generated by the content server are first
stored in the queues of the IMA. However, queuing may not be necessary for some
applications. In one embodiment, the video broadcast application bit stream is
mapped into broadcast channel directly. In another embodiment, the application bit
stream remains in the queue for reliable data transmission until acknowledgements
from all receivers come back.

Feedback Collector

[0055] In a wireless system with a feedback channel on the reverse link
direction, the Feedback Collector collects all the feedback information and relays
them to the Decision Making Database. Feedback information is part of the control

information the Scheduler will use to make optimal scheduling decisions.

Decision Making Database

[0056] A scheduling decision is made by the IMA agent based on the
information from the Decision Making Database and the scheduling algorithm. The

information stored in the Decision Making Database include:

11
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[0057]

1.

Application Information: An application may have its own distinctive
requirements and preferences regarding channel scheduling decisions. In
one embodiment, the original bit stream of a reliable broadcast data
application is transmitted via the downlink broadcast channel with the
retransmission stream scheduled into the regular channel.

Wireless Channel Information: The wireless channel information is
important to the decision making process. The IMA needs to be aware of
the wireless channel characteristics such as the signal quality, frequency,
latency, etc.

Feedback Information: System augments can be based on the feedback
information transmitted by the individual mobile station in its uplink
channel. Examples are the receiver request, the ACK/NACK for each
downlink data packet, and/or the downlink signal quality information.
Network Management Information: The network management system may
impose an administration rule on the scheduling decision. In one
embodiment, the users are classified by their terminal devices. Those
using cell phones and PDAs can only receive low resolution basic video
stream. While others using fixed terminals can additionally receive the
complementary video stream to play back high resolution video. In another
embodiment, the users are configured by their subscription types. The
basic video stream is broadcasted via the downlink broadcast channel to
mobile TV subscribers. SFN may be used in the downlink broadcast
channel. The complementary video stream is transmitted in the downlink
regular channel to those subscribed for high resolution TVs. Beam forming

may be used to enhance the receiving quality for the HDTV subscribers.

In accordance with the embodiments of this invention, the IMA, either

jointly or individually, applies relevant tables in the database to make scheduling

decisions.

[0058]

Since the environment of the system is changing, the information stored

in the Decision Making Database is updated, sometimes frequently, to reflect the

changes. Some information is derived locally from other systems. In one

embodiment, when an application stops, the application information table is updated.

12
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Some information, such as the channel quality feedback and the receiver request, is
fed back from the receivers through the uplink channel.

Scheduler

[0059] The Scheduler tries to make optimal scheduling decisions to achieve
certain system objectives. It consults the Decision Making Database and uses its
data as the input to the scheduling algorithm. First, the scheduler decides if the
broadcast channel and the regular channel should be used for the data
transmission. If both channels are used, the incoming data is dispatched into
different channel message queues. Then the scheduler determines the MCS and
transmission technologies used for the channels and allocates the air link resource
to both channels. Finally, the data is mapped into the underlying physical channels
and transmitted to the mobile stations after the physical layer finishes coding and

modulation.

Transmission Mapping Engine

[0060] The scheduling decisions are forwarded to the Transmission Mapping
Engine, which is in charge of retrieving the application bit stream and putting it into

the correspondent wireless channel.

Methods for Cellular Broadcasting and Communication System

[0061] The mobile terminals measure the downlink signal quality for both the

downlink broadcast channel and the downlink regular channel.

[0062] In one embodiment, in an AFS Cellular System, the broadcast channel
and the regular channel occupy different subframes. Their signal quality can be
measured in a time sharing fashion by the mobile terminal using the same radio

frequency (RF) receiver circuitry.

[0063] In another embodiment, in a multiple frequency band AFS Cellular
System, using subframe configuration 1 shown in Figure 4, the broadcast channel
and the regular channel are separated by different transmission times. The mobile
terminal can still use the same RF receiver circuitry to measure the signal quality

using time sharing.

13
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[0064] In yet another embodiment wherein configuration 2 of Figure 4 is used in
a multiple frequency band AFS Cellular System, the broadcast channel and the
regular channel are both used to transmit data at the same time. In this case, the

mobile terminal uses two RF receiver circuitries to measure the signal.

[0065] The base station allocates the uplink channel resource to the mobile
terminals, such as time/symbol and frequency/subchannel, for sending the

measurement reports.

[0066] In one embodiment, the base station defines channel quality index (CQl)
feedback regions for both the downlink broadcast channel and the downlink regular
channel. The AFS CQI feedback regions are specified in the uplink channel by their
subframe number, symbol index range, and subchannel index range.

[0067] By using the uplink channel, the base station can collect both the
downlink broadcast channel and the downlink regular channel quality information
from the mobile stations. The quality report can be updated by the mobile stations
periodically. The mobile stations can also be polled by the base station or be

triggered to send their reports by a predefined system event or threshold.

[0068] In one embodiment, with the real-time channel quality information, the
MCS of the downlink broadcast channel is updated accordingly, which can override
the default MCS derived from the pre-deployment site survey result.

[0069] The two types of downlink channels in the Cellular System have different
characteristics. The MCS of the downlink regular channel is selected by the Medium
Access Control (MAC) based on the received signal quality of the individual user.
Most of the time the MCS of the broadcast channel is determined by general
statistics of the wireless system, possibly obtained through pre-deployment site

survey or cellular network planning.

[0070] When SFN is used, the broadcast channels of the neighboring base
stations are coordinated to transmit simultaneously. However, the regular channel is
always defined in a single cell. Additionally, advanced antenna transmission
technology, such as beam forming, can be utilized in a regular channel to improve

the SNR for a particular user.

14
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[0071] Because of the differences of the channel characteristics, the choice of
the scheduling method for a particular bit stream and for a specific radio channel will
directly impact the system behavior, such as the system capacity. For example, the
system bandwidth to transmit the same N bits of data to M users using the regular
channel with 16QAM is N*M/4 Hz. However, using QPSK in the downlink broadcast
channel will take the system bandwidth up to N/2 Hz. Therefore, the broadcast

channel is more bandwidth efficient if M > 2.

[0072] Special arrangements can be made for selected individual mobile
stations to improve the overall coverage. In one embodiment, the mobile station
caches the broadcast data from the content server in the downlink broadcast
channel. When it detects a missing packet, it will send to the base station a NACK
control message via the uplink channel. The base station then retransmits the
missing packet via the regular channel using the MCS according to the fed back
downlink signal quality of the mobile station.

[0073] System augments can also be made based on the feedback information
transmitted by the individual mobile stations in their uplink channel. In another
embodiment, a mobile station reports the downlink signal quality to the base station.
The base station may determine that the reported SNR is insufficient for this
particular mobile station whenever data is broadcasted via the downlink broadcast
channel in the SFN. In such a case, the base station will adjust MCS, the MAC
resource allocation (time, frequency, subchannels), and power, etc. to send the
signal to the mobile station in the regular channel. The base station can also use
beam forming to improve the downlink signal quality for the user. The transmission

parameters are specifically selected for that user, based on the feedback.

[0074] In yet another embodiment, the SFN enabled broadcast channel is used
to transmit SDTV program (S1+S2) using hierarchy modulation scheme. If a user
experiences difficulties decoding S1 from the broadcast channel, it sends a
feedback signal via the uplink regular channel. The feedback contains the channel
quality report and the user request. Upon receiving the feedback report, the serving
base station starts to forward S1 to the user through a downlink regular channel,
with or without beam forming. In another embodiment, if a user wishes to receive an

HDTYV signal, it sends a request along with a feedback report with the channel signal
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quality to the serving base station. A downlink regular channel is used to transmit S3

to the user after the base station validates the request.

[0075] Hierarchy modulation may also be used to transmit bit streams in a
wireless communication system. Table 1 illustrates an example of the scheduling
between the hierarchical bit streams and its correspondent modulation schemes for
HDTV broadcast using multiple bit streams.

Table 1. Scheduling between hierarchy modulation schemes and

multiple application bit streams

Hierarchy Modulation Schemes Multiple Application Bit Streams
64QAM HDTV quality broadcast (S1+S2+S3)
16QAM SDTV (8S1+82)

QPSK Mobile TV (S1)
[0076] Methods and apparatus are also provided for synchronized data

distribution in a packet data network. Simultaneous broadcasting of the same
content by the base stations, using the same time/frequency resource, allows the
receivers to combine the received signals from different base stations and improve
their reception quality. As mentioned above, in each multi-cell wireless deployment,
there is at least one control server (CS) that controls one or multiple base stations
(BS). The control server is connected to the base stations via the backbone network.
In the presented embodiments, the backbone network is a packet data network that
can either be a wired or a wireless network. Without loss of generality, IPv4 is used

to illustrate these embodiments.

[0077] The wireless system described herein is associated with a certain
transmission format. The frame duration and its structure can be described by a

mathematical function of time. All the base stations are aligned in transmission time
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at the frame boundary. The sequence of the frame and its relationship to the time is
known to all the BSs and CSs.

[0078] Figure 8 illustrates a basic architecture of a synchronized packet
distribution network (SPDN). The SPDN has a Distribution Adapter (DA) which
receives original application data packets and, after adding the additional protocol
information, distributes them across the packet distribution network (PDN) to the
base stations. The additional protocol information added by the DA includes time
synchronization information, resource scheduling information, and protocol control
information. The inputs to the DA are original data packets, whereas the outputs

from the DA are distribution data packets.

[0079] In each base station, a device called the Receiving Adapter (RA)
ensures simultaneous data transmission among the base stations by using the same
data content and the same time/frequency resource. The RA will retrieve the time
synchronization information in the distribution data packet and use it to control the
start time of data transmission. All the packets will be buffered and sorted to re-
establish the delivery sequence before they are broadcasted over the air. A
synchronization distribution protocol is defined for the SPDN. Both the RA and the
DA may synchronize with the same time reference, such as the global position

system (GPS) signals.

[0080] The SPDN distribution network protocol is carried out on top of the
underlying data network protocol. The distribution network protocol is transparent to
the underlying data network devices. Segmentation and reassembly may be
necessary at the DA and the RA at each base station.

SFN in Cellular Broadcasting and Communication System

[0081] In wireless applications such as digital video broadcasting, SFN
technology is used to alleviate the problem of interference between base stations.
Even if OFDM is used in the system, simultaneous transmission of the same
broadcasting content by the base stations, using the same time/frequency resource,
allows a receiver to combine the receiving signals from different base stations and
boost its SNR. The underlying wireless system is associated with a certain

transmission format. All the base stations are aligned in transmission time at the
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frame boundary. The sequence of the frame is known to all the BSs and CSs via a

synchronization distribution mechanism.

[0082] In one embodiment, the base stations are synchronized with each other
for transmission. Furthermore, the system frame structure is defined by a distributed
frame number synchronization mechanism while a common frame number scheme
is shared between the CS and BSs. The common frame number is increased every
frame by both the CS and the BSs. The distributed frame number synchronization

mechanism makes sure the frame number is always in sync within the network.

[0083] The same mechanism can be used to derive common super-frame and
subframe numbers as long as the frame structure is predefined in the system with
some mathematical relationship between the numbers. For example, if each frame
has 4 subframes, the subframe number can be expressed by 4N+M, where N is the
common frame number and M is the sequence number of a subframe within the

frame.

[0084] In another embodiment when adaptable frame structure (AFS) is used in
a TDD wireless system, each TDD frame has multiple subframes. Each subframe,
as shown in Figure 3, can be designed to fit a special application, such as voice,
data, or video. A frame is divided into multiple subframes with flexible mix of
subframe types. The frame structure is known to both CS and BSs, and all the BSs
are synchronized and align their transmission along the subframe boundary. A
common subframe number scheme is maintained in the system. Furthermore, the
CS knows the exact video subframe capacity derived from the predefined
coding/modulation scheme for the video subframe. The video payload length of each
video subframe can be calculated by subtracting the overhead bits from the overall

subframe capacity.

[0085] The CS and the BSs are connected by a packet data network (PDN).
The PDN is designed with the maximum PDN transmission delay known to both CS
and BS. In a packet data network, information is transmitted in a data packet with
source and destination addresses in the header. The disclosed embodiments do not
impose any restriction on the network protocol or transmission technologies used in

the packet data networks, such as Ethernet, Internet Protocol version 4 (IPv4), IPv6,
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and ATM. Therefore, without loss of generality, IPv4 is employed herein to illustrate

the operations of these embodiments.

[0086] The SPDN, with its two system components DA and RA, is built on top of
the underlying packet data network that connects the CS and the BSs. DA is located
in the network and is in charge of producing the distribution network packets with
additional protocol control information. RA is located in the base station. It first
retrieves the time synchronization information from the distribution data packet and
then delivers the original data to the BS at the exact frame based on the time

synchronization information.

[0087] The distribution data packets must arrive at the RA before the
transmission start time specified in the packet. The DA has to take into account the
maximum PDN transmission delay when calculating the time control information for
the distribution data packet. Distribution data packets are buffered at the RA before
they are sent to the BS for broadcasting at the exact time.

SPDN ARCHITECTURE

[0088] The architecture of the SPDN and the description of some of its
components are presented below. While specific embodiments and examples are
hereby described for illustrative purposes, various equivalent modifications are
possible within the scope of the invention. Some aspects of these embodiments can
be applied to other systems. Also, the elements and acts of the various

embodiments described here can be combined to provide further embodiments.

Distribution Adapter

[0089] The DA receives original data packets and distributes them across
SPDN to the RAs in the base stations. Distribution takes place after adding the
supplementary protocol information using the synchronization distribution protocol.
Therefore, the input to the DA is the original data packets and the output to the DA is
the distribution data packets.

[0090] The DA may distribute original data packets from multiple application

data sources. For example, in IPTV applications, each TV channel is an application
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data source that generates its own data packets. Hence, the DA may need to be

aware of the application data source.

[0091] On the other hand, the SPDN may have multiple DAs; each of them
taking care of the original data packets from one or multiple application data
sources. In such a case, the DAs may need to coordinate with each other. The
typical protocol information added by the DA can include:

1. Time synchronization information, wherein DA determines the start time of the
data transmission for the base stations. Such start time is part of the time
synchronization information. The maximum PDN transmission delay also
needs to be considered. Since the data and the time information has to arrive
at the RA in advance, the start time must refer to some future time value that
is greater than the maximum PDN transmission delay. For example, if the
maximum PDN transmission delay is 500ms, the start time of data
transmission has to be a time sufficiently longer than 500ms, such that when
the start time is received and decoded at the RA, it still refers to a time in the
future for transmission. If it indicates a time that has already passed, the base
station RA shall disregard the data and may generate an error report. In one
embodiment for AFS system, the time synchronization information is
expressed by the video subframe number. The DA notifies the RA of the
exact video subframe for video broadcasting, using the associated distribution

data packets.

2. Resource scheduling information, wherein the DA may also determine what
air link resource should be used for the data transmission, in which case the
Medium Access Control (MAC) scheduling function is carried out by the DA.
In one embodiment, the AFS subframe number is used as an indicator of the
air link resource. Given a particular video data packet, the DA specifies the
video subframe number for it to be transmitted by all the base stations. In
another embodiment, the DA assembles video data packets into one
distribution data packet, which fits into an AFS video subframe. Then the new
distribution data packet is sent to the base stations with the corresponding

video subframe number as transmission time reference.
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3. Application specific control information, where in addition to the air link
resource scheduling information, the DA may also include other application
specific control information that helps improve system performance. For
example, power saving is critical for battery operated terminals in the system.
If there is no data to receive, a terminal will stay in the power saving mode
and wakes up periodically to check for the new data. If there is no pending
data, the terminal goes back to the power saving mode. In one embodiment,
the DA does the resource allocation and also announces the next scheduled
SFN transmission time. The terminal in the power saving mode only wakes up
in time before the scheduled video subframe and starts receiving its data. It
reduces the unnecessary wake up times and therefore further reduces the
power consumption. In another embodiment where BS is in control of the
MAC scheduling, it broadcasts the transmission prediction information within

the cell.

4. Protocol control information, wherein the packet delivery sequential order may
be lost in the data network. To make sure every base station transmits the
data in a correct sequential order, some protocol control information such as

the packet sequence number is needed.

[0092] The SPDN protocol guarantees the in-order distribution data packet
delivery. SPDN may also verify the distribution data packet integrity by adding
redundant error detection protocol control information. In one embodiment, a new
cyclic redundancy check (CRC) is added to the distribution data packet. In another
embodiment, the error detection code of the original data packet is recalculated to
protect the whole new distribution data packet.

[0093] The DA can insert the additional protocol information in the beginning, in
the middle, or at the end of the original data packet. Packet-specific information,
such as the packet sequence and time synchronization information, is inserted into
every data packet. The information common to multiple packets, such as the
resource indication for several data packets, is only inserted once every N packet,

where N is greater than or equal to one.
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Distribution Network Protocol

[0094] The distribution network protocol defines rules for distribution data
packets delivery to the base stations. The protocol is built on top of the underlying
data network protocol. Without loss of generality, IPv4 is used to illustrate the design

of the distribution network protocol.

Distribution data packet format

[0095] A distribution data packet is formed by inserting the
additional/supplementary protocol information to an original data packet. The
additional protocol information is inserted in the beginning, in the middle, or at the
end of the original data packet. Without loss of generality, in some embodiments,
the distribution protocol header contains all the additional protocol information. It

may also contain the source and destination addresses of the distribution protocol.

[0096] In one embodiment, the distribution protocol header is inserted between
the original data packet header and the original data packet payload. In this
embodiment, the source and destination addresses of the original data packet
remain unchanged and the SPDN relies on the underlying routing protocol to
distribute the distribution data packet. The original data packet checksum is
recalculated to reflect the change of packet payload. Figure 9 shows the format of a

distribution data packet.

[0097] In another embodiment, encapsulation is used to generate the
distribution data packet. A new distribution protocol header is added at the beginning
of the original data packet. The header contains the additional protocol information
for the base station RA to recover time synchronization information, such as the
frame number index for data broadcasting by all the base stations. A CRC is also
appended at the end of the distribution packet, as illustrated in Figure 10.

[0098] Figure 10 also illustrates another embodiment of distribution data packet
format. In order to reduce the encapsulation overhead, the DA uses a header
compression algorithm for the original data packet. At the RA, the original data
packet will be restored by taking out the distribution protocol header and
decompressing the original data packet header.
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[0099] In yet another embodiment, the DA, based on the knowledge of the
exact air-link resources for data broadcasting, assembles multiple original data
packets together in the new distribution data packet. The distribution data packet
payload fits in the broadcasting air link resources. A new protocol header is
constructed to carry the additional protocol information together with the source and
destination addresses. The new CRC is also generated and appended, as shown in
Figure 11. Once the RA receives the distribution data packet, it forwards the payload
to the base station at the time indicated by the time synchronization information in
the distribution protocol header.

[00100] In another embodiment, the DA segments the original data packet into
several pieces and transmits them across PDN with the distribution protocol header.
At the base station RA, they will be reassembled together. Figure 12 shows the

format of such a distribution data packet.

Packet transmission

[00101] The distribution network protocol is implemented on top of the underlying
data network protocol. The protocol runs between the DA and the RA in the base
stations. Only the end systems, namely the DA and the RA, are aware of the
protocol. It is transparent to the underlying data network devices, such as routers in
an |IP data network.

[00102] The packet transmission is based on the multicast technology. If the
underlying network architecture does not support multicast, such as PPP (point to
point protocol), the multicasting function is simulated by transmission of duplicated
distribution packets over multiple unicast network links.

[00103] I[n one embodiment, the DA segments the original data packet to fit into
the maximum transfer unit (MTU) of the underlying data network protocol and the RA

reassembles the original data packet from its fragments.

[00104] The distribution network protocol may also try to achieve reliable data
transmission on top of the underlying network protocol, implying that a
retransmission based on the acknowledgement may be necessary. In another

embodiment, the reliable multicast techniques are used in the distribution network
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protocol. For example, the RA reports to the DA about any packet loss, based on the
protocol control information such as checksum and sequence number. The DA will

then retransmit the requested distribution packet.

Receiving Adapter

[00105] The RA in a base station ensures that the synchronized data
transmission among all base stations carries the same data content, with the same
time/frequency resource, and at the same time. When a distribution data packet
arrives at the base station, the RA will retrieve the necessary information needed for
transmission over the air link. Since the underlying packet data network may alter
the packet arrival order, the RA needs to buffer the distribution data packets and
restore the delivery sequential order based on the protocol control information in the
distribution protocol header. It may also reassemble the original data packets if
segmentation is performed at the DA. Similarly, when header compression is
performed at the DA to the original data packet header, the RA is responsible for

restoring the original packet header by decompression.

[00106] In case the RA is not able to recover all the distribution packets due to
errors, it activates the error protection mechanism to avoid the interference with the
transmission by base stations. For example, a base station must not transmit a
distribution data packet if its transmission time has already passed when it arrives at
the base station. Instead, the base station discards the overdue packet and remains

silent for the duration of the transmission period for the overdue packet.

Design lllustration

[00107] In this section, an illustration is provided to understand the design of
SPDN. Without loss of generosity an AFS TDD wireless system is employed. The
multi-cell deployment has one CS and multiple BSs. They are connected with IPv4
packet data network with the assumed maximum PDN transmission delay of 500ms.
IP multicast is supported for data transmission between CS and BSs. All the BSs are
aligned in their transmission time at the TDD frame boundary. The frame duration is
10-ms long and each frame consists of 4 subframes. The subframe duration is
2.5ms. A synchronization mechanism for the distributed frame number is in place so
that the CS and BSs share a common frame number and, based on it, a common

subframe number is derived. Based on the video subframe duration, the usable data
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bandwidth of the subframe, and the predefined coding/modulation scheme (QPSK
with % rate coding) the CS calculates that N bytes of data can be transmitted in a

video subframe.

[00108] In one embodiment, the DA, with the knowledge of the video subframe
capacity of N bytes, assembles the incoming video packets into a distribution data
packet with data payload length of N. When the RA receives such a distribution data
packet, forwards its data payload to the physical layer directly at the broadcasting
subframe, which should fit exactly into the resource after coding and modulation.
The distribution data packet header contains the starting subframe number for the

SFN broadcast, which is generated base on the common subframe number scheme.

[00109] Since the maximum PDN transmission delay is 500ms or equivalently
200-subframe long, the starting subframe number will not exceed 256 in a modular
operation. Therefore, only 8 bits are needed to identify the starting subframe number
within the SPDN. For example, when the current common subframe number is 0, the
DA sends out a distribution packet and assigns to it the starting subframe number of
200. When the RA receives the distribution packet, because of the PDN
transmission delay (e.g., 495ms), the common subframe number has advanced from
0 to 198. The RA waits for 2 subframes so that the common subframe number is
equal to the specified value 200 and forwards the data packet to the BS for

transmission.

[00110] The subframe number is based on a modular 256 calculation in the
example. If the distribution data packet length is larger than the MTU of the PDN, the
DA further segments the packet into several transmission packets. The distribution
-data packet header contains an 8 bits common subframe index. In this case,

segment information is also included in each transmission data packet.

[00111] Across the PDN, on the RA side, the RA first assembles the distribution
data packet from multiple transmission data packets. It then retrieves the subframe
number information in the distribution data packet header. Since the RA shares the
same common subframe number with the BS, it forwards the N byte data payload to

the BS at the correspondent video subframe. Figure 13 illustrates this process.
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[00112] In another embodiment, instead of assembling the incoming video
packets, the DA adds the necessary information to an individual video packet, as it
arrives at the DA, and then sends it out as a distribution data packet. Since multiple
video packets can fit into one video subframe, the DA needs to indicate their
sequential order to the RA. Therefore, the distribution data packet header must
contain the common subframe number and the packet sequence number. If one
video subframe can transmit maximum 16 video packets, then 4 bits are needed in
the header to identify the sequence number. In addition, the DA also includes one bit
in the header to indicate the last distribution data packet to be transmitted in the
subframe.

[00113] When the RA receives the distribution data packet, it sorts the data
based on the subframe number and the packet sequence. If the last distribution data
packet of the video subframe is received, it assembles them into N bytes payload for
the video subframe and pads the unfilled bytes with a predefined byte pattern, such
as 0x00. The RA then forwards the N bytes payload to the BS at the correspondent

video subframe.

[00114] The subframe can be further divided into multiple video broadcast slots.
In this case, the common subframe number does not have enough resolution to
identify the resource. If the slot configuration is known to both the CS and the BSs,
the DA can provide the video slot number in the distribution data packet header to
identify it.

[00115]  Furthermore, the video broadcast slot can be dynamically allocated by
the CS based on the properties of the video program. In this case, the slot can be
identified by its construction subchannel numbers. The DA should indicate these
numbers to the RA as well. For efficiency reasons, the subchannel numbers may be
expressed using compression format. In one embodiment, all the subchannels in a
video slot are consecutive. The DA only indicates the start subchannel number and
the total number of subchannels in the video slot. In another embodiment, the
subchannels are distributed. The DA uses bitmap to express their distribution
patterns.
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[00116] For the described embodiments, the distributed frame number
synchronization mechanism is at the core of the SFN operation. The mechanism
sets up a synchronized mapping function between the time and the common frame
number. It can be developed based on the same time reference known to all the

base stations and the CSs.

[00117] In one embodiment, the global positioning system (GPS) is used as the
common time reference. A GPS receiver is integrated with each BS or CS. The GPS
receiver generates a pulse periodically (e.g., every second). Since the AFS frame
structure has a 2.5ms subframe, every second 400 subframes are transmitted. In
order to establish a common subframe number within the network, each BS or CS

will track its own subframe counter in the following manner:

1. The counter is stored as an internal variable in the device memory.
2. For every subframe, the counter is incremented by 1.
3. At the time when the GPS pulse arrives, it is reset to 0.

Since the BSs and CSs are all synchronized by the GPS signal, their counters

remain aligned.

[00118] The maximum PDN transmission delay is also known to BSs and CSs.
In one embodiment, the value is measured during the pre-deployment network
design and is stored in CSs and BSs during its initial configuration. The quality of
service mechanism in the PDN ensures that the actual PDN transmission delay is
always less than the maximum delay. However, if the maximum PDN transmission
delay is changed when the PDN infrastructure updates, the new latency value needs

to be updated for all the CSs and BSs accordingly.

[00119] In another embodiment, the maximum value is transmitted together with
the distribution packet as part of the time synchronization information. In this way,
each packet can have a different maximum delay value, which provides an update

mechanism when the maximum PDN transmission delay changes.

[00120] The following description provides specific details for a thorough
understanding of the various embodiments and for the enablement of one skilled in

the art. However, one skilled in the art will understand that the invention may be
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practiced without such details. In some instances, well-known structures and
functions have not been shown or described in detail to avoid unnecessarily

obscuring the description of the embodiments.

[00121]  Unless the context clearly requires otherwise, throughout the description

"o

and the claims, the words “comprise,” “comprising,” and the like are to be construed
in an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say,
in the sense of “including, but not limited to.” Words using the singular or plural
number in this Detailed Description section also include the plural or singular

» &%

number respectively. Additionally, the words “herein,” “above,” "below" and words of
similar import, when used in this application, shall refer to this application as a whole
and not to any particular portions of this application. When the claims use the word
"or" in reference to a list of two or more items, that word covers all of the following
interpretations of the word: any of the items in the list, all of the items in the list, and

any combination of the items in the list.

[00122] The above detailed description of the embodiments of the invention is
not intended to be exhaustive or to limit the invention to the precise form disclosed
above or to the particular field of usage mentioned in this disclosure. While specific
embodiments of, and examples for, the invention are described above for illustrative
purposes, various equivalent modifications are possible within the scope of the
invention, as those skilled in the relevant art will recognize. Also, the teachings of
the invention provided herein can be applied to other systems, not necessarily the
system described above. The elements and acts of the various embodiments

described above can be combined to provide further embodiments.

[00123]  All of the above patents and applications and other references, including
any that may be listed in accompanying filing papers, are incorporated herein by
reference. Aspects of the invention can be modified, if necessary, to employ the
systems, functions, and concepts of the various references described above to

provide yet further embodiments of the invention.

[00124] Changes can be made to the invention in light of the above "Detailed
Description." While the above description details certain embodiments of the
invention and describes the best mode contemplated, no matter how detailed the
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above appears in text, the invention can be practiced in many ways. Therefore,
implementation details may vary considerably while still being encompassed by the
invention disclosed herein. As noted above, particular terminology used when
describing certain features or aspects of the invention should not be taken to imply
that the terminology is being redefined herein to be restricted to any specific
characteristics, features, or aspects of the invention with which that terminology is

associated.

[00125] In general, the terms used in the following claims should not be
construed to limit the invention to the specific embodiments disclosed in the
specification, unless the above Detailed Description section explicitly defines such
terms. Accordingly, the actual scope of the invention encompasses not only the
disclosed embodiments, but also all equivalent ways of practicing or implementing

the invention under the claims.

[00126] While certain aspects of the invention are presented below in certain
claim forms, the inventors contemplate the various aspects of the invention in any
number of claim forms. Accordingly, the inventors reserve the right to add additional
claims after filing the application to pursue such additional claim forms for other

aspects of the invention.

29



WO 2006/105010 PCT/US2006/011088

CLAIMS

We claim:

1. A method of data broadcasting in a cellular communication network of
base stations and mobile stations, the method comprising:
broadcasting signals via a broadcast downlink channel from at least one base
station to multiple mobile stations;
sending signals in a cell via a downlink regular channel, from the base station
to an individual mobile station, wherein:
each downlink regular (unicast) channel is allocated to one individual
mobile station for downlink Vcommunication with the cell base
station; and
the downlink regular channel is used to enhance the broadcast quality;
sending signals in a cell via an individual uplink channel, from a mobile station
to the cell base station, wherein:
each individual uplink channel is assigned to one individual mobile
station for uplink communication with the base station; and
the individual mobile station sends data, application requests,
feedback information, or a combination thereof, to the base
station via the assighed uplink channel;
making decisions on a necessity and manner of individual signal
augmentation or repetition, based on the request or feedback
information from individual mobile stations; and
sending augmenting signals or repeating signals via the downlink regular
channel, from the base station to the individual mobile stations, if a

decision is made to do so.

2. The method of Claim 1, wherein the two downlink channels have

different characteristics, and wherein:
the downlink broadcast channel is allocated in a specific time period or
frequency spectrum or both, and the broadcast signals are transmitted

to the entire cell or a sector, and wherein:
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a default modulation and coding scheme (MCS) of the downlink
broadcast channel is selected through a pre-deployment site
survey or a cellular network planning; and

multiple base stations may transmit the same broadcast signals in a
coordinated manner; and

the downlink regular channel is allocated in other specific time period or
frequency spectrum or both, and the unicast signal can be transmitted
via a narrow-beam to a specific mobile station, and wherein the MCS
and transmit power can be adaptive based on channel quality index
(CQl) information.

3. The method of Claim 1, wherein:

the feedback information comprises mobile station requests, ACK/NACK for
downlink data packets, broadcast downlink channel quality information
of each individual mobile station, downlink regular channel quality
information of each individual mobile station, or a combination thereof;
and

channel quality feedbacks are updated by the mobile stations, via the
individual uplink channels either periodically, when being polled by the
base station, or when ftriggered by a predefined system event or
threshold.

4. The method of Claim 1, wherein the cellular network uses an
adaptable frame structure (AFS) that has a video subframe and a data subframe,
and wherein:

the video subframe is used as the downlink broadcast channel and the data

subframe includes a downlink period that is used as the downlink
regular channel and an uplink period that is used for transmitting
individual uplink feedback information;

the video subframe uses a single frequency network (SFN) to simultaneously

broadcast same radio signals from the base stations; or

the cellular network uses a combination thereof.
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5. The method of Claim 1, wherein in multimedia applications, application
data are encoded into multiple bit streams using an encoding scheme, and wherein
some bit streams are transmitted via broadcast downlink channel and other bit

streams are transmitted via downlink regular channels.

0. The method of Claim 5, wherein application data are encoded using:

video-quality-based schemes, wherein a bit stream contains basic information
or differential information;

signal-quality schemes, wherein a bit stream contains repetitive information of
other bit streams;

medium-type-based schemes, wherein a bit stream contains voice
information, video information, or text information;

schemes based on other principles; or

the application data are encoded using a combination thereof.

7. The method of Claim 5, wherein the multiple bit streams are mapped
into the underlying two downlink radio channels by an intelligent scheduling agent
(IMA), and wherein the mapping involves:

forwarding receiver feedbacks to the decision making database and updating

the decision making database information, which include any
combination of application information, wireless channel information,
feedback information, or network management information;

consulting with a decision making database for system control information;

generating scheduling decisions based on system control information and

objectives; and

multiplexing the bit streams into different channels based on the scheduling

decisions.

8. The method of Claim 7, wherein a Scheduler consults a Decision
Making Database and uses its data as an input to a scheduling algorithm and
decides whether the broadcast downlink channel and the downlink regular channel
should be used for the data transmission, and if both channels are used, the

incoming data is dispatched to channel message queues, and wherein the

32



WO 2006/105010 PCT/US2006/011088

Scheduler determines a modulation and coding scheme (MCS) and transmission
technologies used for the channels, and allocates an air link resource to both
channels and the data is mapped into the underlying physical channels and

transmitted to the mobile stations.

9. The method of Claim 1, wherein in an adaptable frame structure (AFS)
cellular system, the mobile station measures the channel quality using:
a common radio frequency (RF) receiver circuifry in a time-sharing fashion,
wherein:
the broadcast downlink channel and the downlink regular channel
occupy different subframes; or
the broadcast downlink channel and the downlink regular channel are
sebarated by different transmission times in a multiple
frequency band system; or
two or more radio frequency (RF) receiver circuits, wherein the broadcast
downlink channel and the downlink regular channel are both used to

transmit data simultaneously in a multiple frequency band system.

10. The method of Claim 1, wherein a mobile station reports the channel
quality of one or both downlink channels to the base station and the base station
determines that a reported broadcast channel quality is insufficient and the base
station at least adjusts modulation and coding scheme (MCS), Medium Access
Control (MAC) resource allocation (time, frequency, subchannels), or power, or use
beam forming, or a combination thereof, to send the signal to the mobile station in
the corresponding downlink regular channel, and wherein the transmission
parameters are specifically selected for said mobile station based on the channel

quality report of the downlink regular channel.
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11. A method of data broadcasting in a cellular communication network of
base stations and mobile stations, wherein each base station provides signal
coverage to a cell, the method comprising:
broadcasting signals in a plurality of cells, from a base station in each of the
plurality of cells, via a broadcast downlink channel that is shared by
multiple mobile stations, wherein:
the broadcast signals use an adaptable frame structure (AFS) wherein
the AFS includes a transmission frame comprising a flexible mix
of multiple subframe types where each subframe contains a
downlink transmission period and an uplink transmission period;
and
the broadcast signals are simultaneously transmitted by all the base
stations using a common time/frequency resource;
receiving at each base station in the plurality of cells, via individual uplink
channels, feedback information from individual mobile stations,
wherein the feedback information at least partly characterizes the
broadcast downlink channel quality, and wherein each individual uplink
channel is assigned to one individual mobile station for uplink
communication with the base station in the cell;
analyzing the feedback information from the mobile stations to determine a
necessity and manner of adjusting broadcast signals, and a necessity
and manner of augmenting individually received signals, based on the
feedback information from corresponding individual mobile stations;

adjusting broadcast signals based on the analyzed feedback information; and

sending individual augmenting or repeating signals via downlink regular
channels to individual mobile stations based on the analyzed individual
feedback information, and wherein each downlink regular channel is
assigned to an individual mobile station for downlink communication of
the base station with the mobile stations in the cell.
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12. A cellular broadcasting and communication system for use with mobile
stations performing as user terminals, the system comprising:
base stations providing signal coverage to a cell, wherein at least one base
station is configured to:
broadcast signals via a broadcast downlink channel that is received by
multiple mobile stations;
receive, via an individual uplink channel, feedback information from an
individual mobile station, wherein the feedback information at
least partly characterizes a quality of the broadcast downlink
channel, and wherein each individual uplink channel is assigned
to one of the individual mobile stations for uplink communication
with the base station in the cell;
adjust the broadcast signals based on an analysis of the feedback
information; and
send augmenting or repeating broadcast signals via downlink regular
channels to individual mobile stations when the feedback
information from each of the individual mobile stations indicates
unacceptable broadcast downlink channel quality or requests
signal augmentation, wherein each downlink regular channel is
assigned to a corresponding individual mobile station for
downlink communication of the base station with the individual
mobile stations in the call, and wherein:
the system operates as a packet data network with an
adaptable frame structure (AFS) in which a transmission
frame comprises a flexible mix of multiple subframe
types, and each subframe contains a downlink
transmission period and an uplink transmission period;
and
the broadcasting signal is simultaneously transmitted by all the

base stations using a common time/frequency resource.

13.  The system of Claim 12, wherein in multiple multimedia applications,

application data is encoded into multiple application bit streams using a source
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coding scheme, and wherein for SFN (single frequency network) based broadcasts,
original bit streams S1, S2, ..., Sn, are first transmitted to control servers where the
control servers attach time synchronization information to the streams and wherein
modified streams are transmitted to the base stations via a backbone network to be
used by the base stations to synchronize transmission times, and wherein the
attached information is removed from the modified streams before the streams are
broadcasted to the mobile stations.

14. A base station in a cellular data broadcasting and communication
packet data network, wherein the base station employs an adaptable frame structure
(AFS) where broadcasting signals are simultaneously transmitted by all base
stations using a substantially similar time/frequency resource, the base station
comprising:

a transmitter for broadcasting signals via a broadcast downlink channel

shared by multiple mobile stations;

a receiver for receiving, via an individual uplink channel, feedback information
from individual mobile stations, wherein the feedback information is at
least partly regarding broadcast downlink channel quality, and wherein
each individual uplink channel is assigned to one of the multiple mobile
stations for uplink communication with the base station;

a decision-making facility for analyzing the feedback information, collectively
and individually, and determining multiple aspects of compensating for
channel quality deficiencies; and

a configuration wherein the transmitter adjusts broadcast signals and also
sends individual compensating or repeating signals via downlink
regular channels to selected individual mobile stations based on the
collective and individual feedback information, respectively, and
wherein each downlink regular channel is assigned to one of the
multiple mobile stations for downlink communication of the base station

with the individual mobile stations.
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15. A data signal embodied in a carrier wave readable by a
telecommunications system, the data signal comprising:
at least one downlink regular channel; and
at least one downlink broadcast channel, wherein:
the downlink broadcast channel is utilized for broadcasting signals that
are received by multiple mobile stations;
the downlink regular channel is assigned to one mobile station for
downlink communication of a base station with the mobile
station in a cell, to repeat or augment an inadequate broadcast
signal, and wherein repeating- or augmenting-signals are based
on feedback information from the mobile station to the base
station via an individual uplink channel; and
transmission frames comprise a flexible mix of multiple subframe
types, and each subframe contains a downlink transmission

period and an uplink transmission period.

16. A method of data broadcasting in a cellular communication network of
base stations and mobile stations, wherein each base station provides signal
coverage to a cell, and wherein a control server (CS) in the network controls at least
one base station, the method comprising:

connecting the control server to the corresponding base stations via a packet

distribution network (PDN) that is either a wired network or a wireless
network;

overlaying a synchronized packet distribution network (SPDN) on the packet

distribution network (PDN);

receiving original data packets by a Distribution Adapter (DA) of the SPDN

and distributing the data packets across the PDN to the base stations
after adding an additional protocol information, wherein the additional
protocol information includes time synchronization information,
resource scheduling information, application specific control

information, protocol control information, or a combination thereof; and
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ensuring a synchronized data transmission by the base stations via a
Receiving Adapter (RA) that uses a same data content and a same

time/frequency resource.
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