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METHOD AND APPARATUS FOR CONCATENATED CONVOLUTIONAL
ENCODING AND INTERLEAVING

By

Paul D.Marko

[0002] The invention relates to a method and apparatus for concatenated convolutional
encoding and interleaving of a source data stream for transmission.

[0003] Radio frequency transmissions are often subjected to multipath fading. Signal
blod{agés at receivers can occur due to physical obstructions between a transmitter and
the receiver or service outages, For example, mobile receivers encounter physical
obstructions when they pass through tunnels or travel near buildings or trees that impede
line of sight (LOS) signal reception. Service outages can occur, on the other hand, when
noise or cancellations of multipath signal reflections are sufficiently high with: respect to

the desired signal. | '
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of program material on one transmission channel by a selected time interval with respect
to the transmission of the same program matenal on a second transmission channel. The
duration of the time interval is determined by the duration of the service outage to be
avoided. The non-delayed channel 1s delayed at the receiver so that the two channels can
be combined, or the program matenal in the two channels selected, via receiver circuitry.
One such time diversity system 1s a digital broadcast system (DBS) employing two
satellite transmission channels.

[0005] Interleaving of data symbols on the transmission channels of a time diversity
system can be employed to mitigate, in particular, the effects of a slow deep fade. An
interleaver rearranges a set of consecutive coded data symbols in a data stream to be
transmitted such that symbols in the set extend for a duration of time greater than the
duration of a slow deep fade. A receiver having a de-interleaver rearranges received
symbols to their onginal order. The interleaved data symbols that are being de-
terleaved, however, are subject to independent fades that may not be mitigated by the
interleaver due to size constraints of the mnterleaver.

[0006] In addition, a DBS generally has a requirement for protection against an outage
of selected minimum duration when both satellite channels are available. Thus, a need
exists for a communication system which provides such outage protection. In addition, a
need exists for a communication system which provides maximum outage protection
within reasonable memory and delay constraints of the interleaver when only a single

transmission channel is available.

Summary of the Invention:
[0007] The above-described disadvantages are overcome and a number of advantages

are realized with the method and apparatus provided by the present invention for
encoding a source data stream via convolutional encoding. One or more encoded data
streams are interleaved and transmitted on one or more transmission channels. Data
groups generated via convolutional encoding are interleaved in accordance with a
plurality of time-interleaving functions to disperse selected bits within puncture groups
of the data groups, to disperse bits in between data groups, as well as to disperse bits in
selected sets of data groups, and thereby facilitate reconstruction of the source data

stream from at least a portion of the interleaved data stream received on at least one

transmission channel.
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[0008] In accordance with another aspect of the present invention, two or more
transmussion channels are employed. The time-interleaving functions are selected to
facilitate reconstruction of the source data stream from at least a portion of the
interleaved data stream received on at least one of the transmission channels following a
continuous blockage of the transmission channels.

[0009] In accordance with yet another aspect of the present invention, a single
transmussion channel 1s employed. The time-interleaving functions are selected to
facilitate reconstruction of the source data stream from at least a portion of the
interleaved data stream received on the transmission channel following a continuous
blockage of the transmission channel.

[0010] In accordance with still yet another aspect of the present invention, each of the
puncture groups comprises subsets of bits in the data groups. The subsets of bits are
selected such that only a mmimum number of the subsets are required to reconstruct the
source data stream from more than one of the transmission channels.

[0011] In accordance with another aspect of the present invention, the subsets of bits
are selected such that multple combinations of the subsets can be received on both of
the interleaved transmission channels and allow reconstruction of the source data stream
therefrom following blockage of one of the transmission channels.

[0012] In accordance with another aspect of the present invention, decoding at the
receiver is performed using convolutional decoding. Decoding is preferably performed
using a Viterbi decoder.

[0013] In accordance with another aspect of the present invention, the time-interleaving
functions are selected to optimize error correction during Viterbi decoding.

[0014] In accordance with another aspect of the present invention, the encoded signals
are interleaved and then demultiplexed for transmission on plural channels.

[0015] In accordance with another aspect of the present invention, the encoded signals
are demultiplexed and then interleaved prior to transmission.

[0016] In accordance with an embodiment of the present invention, a method of
interleaving a source data stream for transmission is provided comprising the steps of: (1)
encoding a source data stream to generate an output data stream using a convolutional
coding scheme having a selected code rate, the output data stream being characterized as
a series of data groups, each of the data groups comprising a plurality of punctured data
groups, each of the punctured data groups having a reduced code rate with respect to the
selected code rate; (2) interleaving the data groups in accordance with a plurality of time-

3
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interleaving functions to disperse the bits in the data groups within the output data
stream and generate an mnterleaved data stream; and (3) transmitting the interleaved data
stream for transmission via a transmission channel, the time-interleaving functions being
selected to disperse different groups of bits in the output data stream selected from the
group consisting of bits in one of the punctured data groups, bits in adjacent data
groups, and bits 1n selected sets of data groups to facilitate reconstruction of the source
data stream from at least a portion of the interleaved data stream received on at least one
of the transmission channels.

[0017] The tme-interleaving functions are selected in accordance with the present
invention to facilitate reconstruction of the source data stream from at least a portion of
the interleaved data stream. The punctured data groups each comprise subsets of bits in
the data groups. The subsets of bits are selected in accordance with the present
invention such that only a minimum number of the subsets are required to reconstruct
the source data stream from the transmission channel. The subsets of bits are also
selected such that multiple combinations of the subsets can be received on at least two
interleaved transmission channels and allow reconstruction of the source data stream
therefrom following blockage of one of the transmission channels.

[0018] The interleaved data stream is decoded using the selected code rate in accordance
with the present mvention. Decoding is preferably performed using convolutional
decoding such as via a Viterbi decoder. The time-interleaving functions are selected in

accordance with the present invention to optimize error correction during Viterbi

decoding,

Brief Description of the Drawings:

[0019] The various aspects, advantages and novel features of the present invention will
be more readily comprehended from the following detailed description when read in
conjunction with the appended drawings, in which:

[0020] Fig. 1. 1s a block diagram of a communication system using interleaving in
accordance with an embodiment of the present invention;

[0021] Fig. 2 is a block diagram illustrating an encoding and interleaving device, and the
data stream generated by an encoder therein, in accordance with an embodiment of the
present invention;

[0022] Fig. 3 depicts a convolutional encoder and output data stream in accordance with

an embodiment of the present invention;
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[0023] Figs. 4A, 4B, 4C, 4D, 4E, 4F and 4G depict punctured data groups in accordance
with an embodiment of the present invention;

[0024] Fig. 5 1s a block diagram illustrating an encoding and interleaving device, and the
data stream generated by an encoder therein, in accordance with an embodiment of the
present invention;

[0025] Fig. 6 illustrates time-interleaving functions in accordance with an embodiment
of the present invention;

[0026] Fig. 7 illustrates exemplary interleaving of sets and subsets of punctured data
groups 1n accordance with an embodiment of the present invention;

[0027] Fig. 8 1s a block diagram of a receiver employing decoding and de-interleaving in
accordance with an embodiment of the present invention; and

[0028] Fig. 9 depicts an exemplary digital broadcast system for transmitting satellite
signals and terrestrial signals.

[0029] Throughout the drawing figures, like reference numerals will be understood to

refer to like parts and components.

Detailed Description of the Preferred Embodiments:
[0030] Fig. 1 depicts a communication system 10 which employs diversity combining,

Accordingly, a plurality of transmission channels are used to transmit the same source
data or program material. In the illustrated example, two transmission channels are used.
A method and apparatus will be described for illustrated purposes in connection with a
DBS employing two satellites in accordance with an embodiment of the present
invention. A receiver on a fixed or mobile platform receives two or more signals
transmitted via different channels and selects the strongest of the signals or combines the
signals. The signals can be transmitted at the same radio frequency using modulation
resistant to multipath interference, or at different radio frequencies with or without
modulation resistant to multipath. In either case, attenuation due to physical
obstructions 1s minimized because the obstructions are seldom in the LOS of both
satellites. It 1s to be understood, however, that more than two transmission channels
can be used and that the transmission channels can be any type of wireline or wireless
data communication path.

[0031] With continued reference to Fig. 1, a source data stream is encoded using a
forward error correction (FEC) algorithm with a selected code rate, as indicated at 12, to
allow the loss of a percentage of channel bits during transmission while maintaining an

S
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error free output. The output ot the FEC encoder 12 are interleaved via an interleaver
14 to randomize the bit order and to de-correlate bit errors caused by blockage and
multipath propagation. The interleaving of the present invention, which is déscribed
below 1n connection with Figs. 6 and 7, allows for a continuous blockage of a selected
duration (e.g., approximately 4 seconds) when both transmission channels are available.
In addition, the encoded data stream 1s punctured to create puncture groups for
respective transmission channels. The puncture groups are selected such that only a
minimum number of subsets of bits in the punctured data groups are required to
reconstruct the source data stream from more than one of the transmission channels. In
addition, the puncture groups are selected such the multiple combinations of subsets can
be received on both of the transmission channels and allow reconstruction of the source
data stream following blockage of one of the transmission channels. The puncture
eroups, the subsets of bits in the puncture groups and the multiple combinations of
subsets are descrnibed below in connection with Figs. 4A through 4G.

[0032] As shown m Fig. 1, the encoded and interleaved bits are demultplexed via
demultiplexer 16 into respective data streams for transmission on respective channels 18
and 20. As described below in connection with Fig. 5, the encoded data can be
demultiplexed prior to interleaving. In the illustrative example, the source data stream is
subjected to outer FEC encoding (e.g., Reed-Solomon (255,223) encoding and block
interleaving) prior to the convolutional encoding and interleaving of the present
invention. The encoded and interleaved data streams are provided with synchronization
data to allow for synchronization and alignment of the data signals at the receiver prior
to multiplexing, de-interleaving and decoding, as indicated at 22, 24 and 26 in Fig, 1 and
descrnibed below in connection with Fig, 8.

[0033] As shown in Fig. 2, the source bit stream i1s encoded using a convolutional
encoder in accordance with the present invention. As stated previously, the source data
stream can be a Reed-Solomon (RS) protected bitstream. The convolutional encoder 30
is preferably a 1/3 rate convolutional encoder with a constraint length of 7. Thus, for
every input bit from the source data stream, a 3-bit symbol is generated, as indicated by
the encoder output 32. A data group 34 generated by the convolutional encoder 30 is
depicted in Fig. 3. In accordance with the present invention, each data group 34
generated by the convolutional encoder is subjected to 1 in 9 puncturing, A punctured
data group 36 1s depicted in Fig. 4A. The b1t positions of the data group are numbered 1
through 9 for illustrative purposes. The fifth bit position 1s preferably punctured. The

6
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remaining eight bit positions are divided between two transmission channels 18 and 20
(e.g., two satellite channels). For example, data in bit positions 1, 2, 3 and 4 are
preferably transmitted in one satellite channel 18, and data in bit positions 6, 7, 8 and 9
are preferably transmitted in the other satellite channel 20, as depicted by the satellite-1-
only puncture pattern 38 and the satellite-2-only puncture pattern 40 in Figs. 4B and 4C,
respectively. The data group bit positions for a transmission channel are hereinafter
referred to generally as channel data groups 45. Thus, the rate for the data stream to be
transmitted following convolutional encoding and puncturing 1s R = 3/8. Each of the
two transmussion channels 1n the illustrative embodiment, therefore, effectively transmits
at a rate R = %. This 1s advantageous because the transmitted data stream can still be
decoded even when only one of the channels 18 or 20 is available at a receiver.
[0034] The interleaving operations of the present invention will now be described with
~ continued reference to Fig. 2. Two exemplary punctured data groups 36a and 36b are
depicted to illustrate the convolutional encoding of six bits from the source data stream
42. As indicated at 32, three bits are generated for each of the six bits and are numbered
1a, 1b, 1c, 2a, 2b, 2c,..., 6a, 6b, 6¢. Bits 2b and 5b are punctured in accordance with the
1 in 9 puncturing described previously. In the presence of impaired channel conditions
where bits from one or both channels may be lost, the punctured data groups 36 used in
accordance with the present invention are advantageous because they present multiple
combinations of punctured data bits (hereinafter referred to as subsets of bits 44) which
allow for reconstruction of the source data stream from more than one of the
transmission channels using a mimmum number of the subsets. For example, with
reference to Fig. 4D, the source data stream 42 can be reconstructed from the
combination of the subset 44a compnsing the data in bit positions 1 and 2 of one
transmission channel with the subset 44b comprising the data in bit positions 6 and 7 of
the other transmission channel. Similarly, with reference to Fig. 4E, the source data
stream 42 can be reconstructed from the combination of the subset 44c comprising the
data in bit positions 3 and 4 of one transmission channel with the subset 44d comprising
the data 1 bit positions 8 and 9 of the other transmission channel. Other combinations
of subsets, as shown in Figs. 4F and 4G, yield the same results.
[0035] As described below in connection with the memory array 92 in Fig. 8, bits from
the satellite channels 18 and 20 are aligned and stored into respective memory elements.
For example, bits 1 and 6, 2 and 7, 3 and 8, and 4 and 9 from the two channel data
groups 45 depicted in Figs. 4B and 4C are aligned and stored with respect to each other.

7
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The combinations shown in Figs. 4F and 4G illustrate the manner in which the source
data stream 42 can be reconstructed from the combination of bits from different
memory elements. As shown in Fig. 4F, bits 1 and 2 can be combined with bits 8 and 9
to reconstruct the source data stream. Similarly, bits 3 and 4 can be combined with bits
6 and 7 to reconstruct the source data stream, as shown in Fig, 4G.

[0036] Error correction at a receiver is preferably performed using Viterbi decoding.
When a QPSK symbol transmitted over a channel 1s received in error in the illustrated
example, a chance exists the both bits are in error following convolutional encoding at a
rate R = 1/3. To improve the probability that the Viterb1 decoder will correct a symbol
received in error, the symbol bits are interleaved such that they will be passed through
the Viterbi decoder at intervals greater than the constraint length.

[0037] In accordance with the present invention, an interleaver 46 (Fig. 2) preferably
employs a number of time-interleaving functions to disperse bits in punctured data
groups 36, to disperse data groups 34 and to disperse sets of data groups 34, to improve
error correction at a receiver. In the illustrated example, the transmitted data stream is
time division multiplexed in 432 millisecond (ms) frames. Each frame has 10,880 bits
following RS-coding, convolutional encoding and puncturing, As illustrated by block 50
in Fig. 6, the consecutive bits in one of the punctured data groups are shifted by 2720
bits since the punctured data groups 36 each consist of 5440 bits and have two 2720 bit
channel data groups 45. The dispersing of the channel data group bits is illustrated at 60
in Fig. 7 for one of the channel data groups 45. Similar, interleaving is performed on the
other channel data group 45 in the punctured data group, as well as for both channel data
groups 45 in the other punctured data groups 36.

[0038] With continued reference to Fig. 6, other time-interleaving functions 52, 54 and
56 are employed 1n accordance with the present invention. For example, the data groups
36 are interleaved with respect to each other, as illustrated by the second function 52 in
Fig. 6. The eight bits in each punctured data group 36 are shifted 2 * 1360 bits or one-
fourth of a 10,880 bit frame. Sets of data groups are also interleaved with respect to each
other, as illustrated by the third function 54 in Fig. 6. For example, sets of two data
groups having 16 bits per set can be interleaved. The sixteen bits in each set of data
groups are shifted 2 * 680 bits or one-eighth of a 10,880 bit frame, as shown in block 54
of Fig. 6 and at 64 in Fig. 7. The first, second and third interleaving functions 50, 52 and
54 operate 1n a complementary manner to reduce the undesirable effects associated with
small-scale fading. In particular, the first, second and third interleaving functions 50, 52

8
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and 54 facilitate the maintenance of only a single bit error within the constraint length of
the Viterbi decoder at the receiver for continuous errors that occur in the bit stream due
to adverse channel conditions.

[0039] Another ume-interleaving function 1s employed, as indicated at 56 in Fig. 6, for
large-scale fading. For example, symbols are dispersed a selected number of frames (e.g.,
10 frames or 54,400 bits). It is to be understood that different methods and criteria can
be used for bit spreading in the transmitted data stream(s) and that the bit spread can
vary (e.g., between frames). The demuluplexer 48 generates two interleaved data streams
66 and 68 from the output of the time interleaver 46. As indicated at 58 in Fig, 6, two-bit
symbol mapping can be performed on the two interleaved data streams 66 and 68.

[0040] Fig. 5 depicts another exemplary encoding and interleaving device in accordance
with the present invention which demultiplexes the output of the convolutional encoder
30 via the demuluplexer 48 prior to interleaving. The two time interleavers 46a and 46b
are synchronized with respect to each other.

[0041] With reference to Fig 8, an exemplary receiver 70 is shown for receiving two or
more interleaved signals which are used to transmit same source data. The receiver 70
comprises at least two recetver arms 72 and 74 for receiving signals transmitted on
respective transmussion channels 18 and 20. In the illustrative embodiment, the channels
are from first and second satellites. It is to be understood that if a single frequency
channel is used, only one receiver arm is needed. As shown in Fig. 8, a receiver antenna
76 1s provided which 1s preferably sufficiently broadband to receive first and second
satellite channels 18 and 20 on different frequencies. A low noise amplifier (LNA) 78
amplifies the satellite signals before the signals are split for further processing by the
respective receiver arms. A splitter 79 provides the amplified signal to each receiver arm
72 and 74. One, two or more receiver arms can be used depending on the diversity
method used for the communication system.

[0042] Each receiver arm 72 and 74 is provided with a downconverter 80 and 82 and an
analog-to-digital converter 84 and 86, respectively. A QPSK demodulator and
synchronization unit 88 and 90 is also provided in each receiver arm 72 and 74. In
accordance with one embodiment of the present invention, the satellite signals are
formatted as time division multiplexed (TDM) signals having TDM frames. The TDM
frames can comprise multiplexed data from a plurality of sources. In which case, each
source data stream is encoded and interleaved as described above, as well as

demultiplexed for transmission on plural channels (e.g., via first and second satellites).
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The TDM frames have preambles in which framing information is provided. For
example, a master frame preamble (MFP) and a fast synchronization preamble (FSP) can
be provided for synchronization of the TDM frames. A time slot control channel
(TSCC) can also be prowvided in the preamble which comprises information such as a
frame counter and data indicating which time slots contain data from which sources.
The QPSK demodulator and synchronization unit uses the framing information to
synchronize the data stream demodulated from the corresponding satellite channel to
facilitate demultplexing of the TDM frames.

[0043] The demodulated data streams from the receiver arms 72 and 74 are applied to
multiplexer 22, that s, they are loaded into memory array 92 using the preambles to align
the data from each receiver arm. The memory array 92 facilitates combining of the two
satellite streams into a single stream for processing by the de-interdeaver 24. The
muluplexer 22 stores the synchronized data streams received via the receiver arms 72 and
74 n corresponding consecutive registers in first and second portions of the memory
array 92. The content of corresponding register pairs in the first and second portions of
the memory array are extracted by the de-interleaver 24 and combined into a common
R=3/8 bit stream. The recovered data streams are weighted in accordance with a signal
quality metric (e.g., the average phase error measured at the QPSK demodulator) and
then combined using one or more diversity combining methods.

[0044] With continued reference to Fig. 8, the multiplexed data stream generated via the
muluplexer 22 and provided to the de-interleaver 24 are de-interleaved in accordance
with time-interleaving functions described previously in connection with Fig. 6. The de-
interleaved data stream'is then decoded via an FEC decoding module 26. The FEC
decoding module. preferably comprises a Viterbi decoder 96 for convolutional decoding.
The data stream can then be subjected to Reed-Solomon decoding and service layer
decoding, as indicated at 98 and 100.

[0045] As stated previously, service outages can occur in systems which broadcast data,
video, audio and other information using radio frequencies. These outages can prevent
recewvers, and particularly mobile receivers, from receiving the broadcast service
altogether, or cause them to receive a signal so degraded that the service is rendered
unacceptable. These outages are generally due to physical blockage of transmission paths
between the transmitter and receiver (e.g., due to mountainous terrain or long tunnels)

and multupath fading and reflection of the transmission path.
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[0046] It is to be understood that the transmitted data stream can transmitted on
separate transmussion channels using different diversity techniques. For example, the
interleaved data streams can be code division multiplexed using spread spectrum
modulation to allow transmission on separate channels using the same frequency.
Alternatively, the signals can be transmitted with opposite polarizations (e.g., cross or
orthogonal polarizations such as honzontal/vertical lmear or left/right circular
polarizations) on the separate channels using the same frequency. Two or more
transmission channels can be transmitted on different frequencies using any analog or
digital modulation (e.g. frequency division muluplexing). Additionally, the demultiplexer
48 can be omitted and the output of the interleaver 46 can be applied to a single channel.
t0047] As stated previously, a digital broadcast system can use two or more transmission
channels to provide ume and/or space diversity for mitigating service outages due to
multipath, physical blockages and interference in mobile broadcast receivers. Fig. 9
depicts an exemplary satellite broadcast system 110 employing time diversity which
compﬁses at least one geostationary satellite 112 for line of sight (LOS) satellite signal
) reception at recetvers indicated generally at 114. Another geostationary satellite 116 at a
different orbital position is provided for time and/or space diversity purposes. The
system 110 further comprises at least one terrestnial repeater 118 for retransmission of
satellite signals in geographic areas where LOS reception is obscured by tall buildings,
hills and other obstructions. The receivers 114 can be configured for dual-mode
operation to recerve both satellite signals and terrestrial signals and to combine or select
one or both of the signals as the receiver output. However, it will be understood that,
where the receivers are in a fixed location, 1t is sufficient for such receivers to operate by
recerving signals from a single source and that 1t may reduce the cost and complexity of
such receivers if they are designed for single mode operation.
[0048] The satellite broadcast segment preferably includes the encoding of a broadcast
channel into a ume division muluplexed (TDM) bit stream. The TDM bit stream is
modulated prior to transmission via a satellite uplink antenna. The terrestrial repeater
segment comprises a satellite downlink antenna and a receiver/demodulator to obtain a
baseband TDM bitstream. The digital baseband signal is applied to a terrestrial waveform
modulator, and 1s then frequency translated to a carrier frequency and amplified prior to
Lransmission.
[0049] In accordance with another embodiment of the present invention, a digital
broadcast system: employs concatenated convolutional encoding and interleaving with a
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single bit stream. For example, the system 110 can be configured to place all interleaved
bits from a source stream on one TDM stream, as opposed to sending one-half of the
source stream bits on one transmission channel and the other half of the source stream
bits on another transmission channel. The TDM stream can then be sent via satellite, or
via a terrestrial transmutter. The terrestnal transmitted is not necessanly a terrestrial
repeater 118 since the source stream can ongmnate from the terrestrial transmitter, as
opposed to being received via satellite and subjected to baseband processing and
frequency translation.

[0050] One of the advantages of the present nvention is improved error concealment at
the receivers during times of broadcast signal blockage. A signal blockage of five
consecutive frames, for example, in a time diversity system can causes an audio mute
terval. By contrast, the same blockage m a system implementing the present invention
allows the source bit stream to be recovered using audio error concealment algorithms.
With reference to Fig. 9, for example, the first satellite channel can be blocked altogether
(e.g., obstructed by terrain), and the second satellite channel can be momentarily blocked
for a certain number of frames. Following reception and reordening of the second
satellite channel, the recovered data stream can contain merely single frame outages, as
opposed to the outage of many frames. The single frame outages are short enough to
apply audio error concealment algorithms.  The operation of the audio error
concealment algonthms can be further enhanced by reducing the frame length and
thereby reducing the concealment intervals. Alternatively, audio signals in the source bit
stream can be split into two half-bit rate data streams. For example, the odd and even
frames can carry respective ones of the two half-bit rate audio streams. Thus, if a frame
can carry a 64 kilobit per second (kbps) audio channel, and satellite signal blockage
occurs, then at least 32 kbps or half-bit rate audio 1s available during the service outage.
[0051] Although the present invention has been described with reference to a preferred
embodiment thereof, it will be understood that the invention is not limited to the details
thereof. Various modifications and substitutions have been suggested in the foregoing
descniption, and others will occur to those of ordinary skill in the art. All such
substitutions are mtended to be embraced within the scope of the invention as defined in

the appended claims.
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1. A method of preparing a source data stream for transmission comprising the steps

of:

encoding said source data stream to generate an output data stream using a
convolutional coding scheme having a selected code rate, said output data stream having
series of data groups, each of said data groups comprising a plurality of punctured data
eroups, each of said punctured data groups having a higher code rate with respect to said
selected code rate;

interleaving said data groups in accordance with a plurality of time-interleaving
functions to disperse bits in said data groups within satd output data stream and generate
an interleaved data stream; and

processing said bits in said interleaved data stream for transmission on a single
transmission channel, said plurality of time-interleaving functions being selected to
disperse at least two different groups of bits in said output data stream selected from the
eroup consisting of said bits in one of said punctured data groups, said bits in adjacent
said data groups, and said bits in selected sets of said data groups to selected locations in
said interleaved data stream to facilitate reconstruction of said source data stream from at

least a portion of said interleaved data stream received via said single transmission

channel.

2. A method as claimed in claim 1, wherein said plurality of time-interleaving
functions are selected to facilitate reconstruction of said source data stream from at least a

portion of said interleaved data stream following a continuous blockage ot said single

transmission channel for a time interval comprising a selected number of seconds.

3. A method as claimed in claim 1, wherein each of said punctured data groups
comprises subsets of said bits in said data groups, said subsets of bits being selected such

that only a minimum number of said subsets are required to reconstruct said source data

stream from said single transmission channel.

4. A method as claimed in claim 1, wherein said single transmission channel is

transmitted via one of a satellite and a radio terrestrial transmitter.

- 13 -
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5. A method as claimed in claim 1, further comprising the step of decoding said

interleaved data stream using said selected code rate.

6. A method as claimed in claim 5, wherein said decoding 1s performed using

convolutional decoding.

7. A method as claimed in claim 6, wherein said convolutional decoding 1s

performed using a Viterb1 decoder.

8. A method as claimed in claim 7, wherein said plurality of time-interleaving

functions are selected to optimize error correction during said Viterbi decoding.

9. A method as claimed in claim 1, wherein said plurality of time-interleaving

functions can vary during transmission of interleaved data stream.

10. A method of deinterleaving an interleaved data stream transmitted on a single
transmission channel, the interleaved data stream comprising bits from a source data
stream, the method comprising the steps of:

receiving said bits in said interleaved data stream from said single transmission

channel;
synchronizing said interleaved data stream;

decoding said interleaved data stream to generate a decoded data stream using
convolutional decoding, said bits in said interleaved data stream having been encoded via
convolutional encoding to generate a plurality of data groups, each ot the data groups
having a plurality of punctured data groups, said data groups being interleaved via a
plurality of time-interleaving functions selected to disperse at least two ditferent groups
of said bits selected from the group consisting of said bits in one of said punctured data
groups, said bits in adjacent said data groups, and said bits in selected sets of said data

groups to selected locations in said interleaved data stream to facilitate reconstruction of

said source data stream from at least a portion of said interleaved data stream received via
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said single transmission channel, said convolutional decoding reconstructing said source
data stream using said interleaved data stream and selected sequences of bits relating to

said convolutional encoding and said plurality of time-interleaving functions.

11, An apparatus for preparing a data stream for transmission comprising:

a convolutional encoder for encoding said data stream to generate an output data
stream having a selected code rate, said output data stream having a series of data groups,
each of said data groups comprising a plurality of punctured data groups, each of said
punctured data groups having a higher code rate with respect to said selected code rate;

an interleaver for interleaving said data groups in accordance with a plurality of
time-interleaving functions to disperse bits in said data groups within said output data
stream and generate an interleaved data stream; and
a transmitter for processing said bits in said interleaved data stream for transmission on a
single transmission channel, said plurality of time-interleaving functions being selected to
disperse at least two different groups of bits 1n said output data stream selected from the
group consisting of said bits in one of said punctured data groups, said bits in adjacent
said data groups, and said bits in selected sets of said data groups to selected locations 1n
said interleaved data stream to facilitate reconstruction of said source data stream from at

least a portion of said interleaved data stream received via said single transmission

channel.

12.  Anapparatus as claimed in claim 11, wherein said plurality of time-interleaving

functions are selected to facilitate reconstruction of said source data stream from at least a
portion of said interleaved data stream received on said single transmission channel
following a continuous blockage of said single transmission channel for a time interval

comprising a selected number of seconds.

13.  An apparatus as claimed in claim 11, wherein said transmitter 1s provided 1n one

of a satellite, a radio terrestrial transmitter, and a satellite broadcast station.
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14, An apparatus as claimed in claim 11, wherein said plurality of time-interleaving

functions can vary during transmission of interleaved data stream.

15. A method of deinterleaving an interleaved data stream transmitted on a single
transmission channel comprising the steps of:

receiving said interleaved data stream;

synchronizing said interleaved data stream; and

decoding said interleaved data stream to generate a decoded data stream using

convolutional decoding corresponding to convolutional encoding having a selected code

rate and performed on the interleaved data stream prior to transmission, said interleaved
data stream comprising bits from a source data stream having been encoded via said
convolutional encoding to generate a plurality of data groups having a higher code rate
than said selected code rate, said data groups being interleaved via a plurality of time-
interleaving functions selected to disperse different groups of said bits selected from the
eroup consisting of said bits in one of said higher rate data groups, said bits in adjacent
said data groups, and said bits in selected sets of said data groups to facilitate
reconstruction of said source data stream from at least a portion of said interleaved data
stream received via said transmission channel, said convolutional decoding
reconstructing said source data stream using said interleaved data stream and selected

sequences of bits relating to said convolutional encoding and said time-interleaving

functions.

16. A method of interleaving data for transmission comprising the steps of:

encoding a source data stream to generate a single output data stream using a

selected coding scheme having a selected code rate, said output data stream comprising a

first transmission group and a second transmission group each having data groups, said
data groups comprising selected bits from the source data stream; and
interleaving said first transmission group and said second transmission group in

the single output data stream with interleaving functions selected to maximize recovery

of said source data stream from at least one of either of said first transmission group and
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said second transmission group when said bits from said source data stream are dropped
during transmission of the single output data stream;
wherein said first transmission group and said second transmission group each

comprise substantially the same bits from the source data stream.

17. A method as claimed in claim 16, further comprising delaying transmission of
said second transmission group with respect to transmission of said first transmission

group on a single transmission link for time diversity.

18. A method of deinterleaving an interleaved data stream transmitted on a single
transmission channel comprising the steps of:

recelving said interleaved data stream;

synchronizing said interleaved data stream; and

decoding said interleaved data stream to generate a decoded data stream using a
decoding scheme corresponding to a selected encoding scheme performed on the
interleaved data stream prior to transmission, said interleaved data stream comprising bits
from a source data stream having been encoded via said selected encoding scheme to
generate a first transmission group and a second transmission group that each have the
same bits from the source data stream, said first transmission group and said second
transmission group being interleaved via interleaving functions selected to maximize
recovery of said source data stream from at least one ot said first transmission group and
said second transmission group when said bits are dropped from said interleaved stream
during transmission, said decoding scheme reconstructing. said source data stream using

said interleaved data stream and selected sequences of bits relating to said encoding

scheme and said interleaving functions.
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