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DEMODULATION METHOD AND APPARATUS IN HIGH SPEED 
TIME DIVISION MULTIPLEXED PACKET DATA TRANSMISSION

FIELD OF THE INVENTION

The present invention is directed toward a method and apparatus for demodu-

5 lating high speed Time Division Multiplexed signals and, more particularly, toward a method

and apparatus for demodulating high speed Time Division Multiplexed signals by the use of 

an address list precursor.

BACKGROUND OF THE INVENTION

With the opening of higher radio frequency bands, such as a Ka band, to

10 wireless communication systems (both terrestrial and satellite), the allocated bandwidth to 

individual systems has increased dramatically. For example, an award has been made of 1 

GHz of spectrum, consisting of 500 MHz uplink and 500 MHz downlink, for broadband 

multi-media satellite services in the U.S. utilizing low earth orbiting satellites.

In a wireless communication system, where data packet switching is employed

15 and Time Division Multiplexing is the selected mode of downlink access, it is advantageous

to use a small number of broadband carriers in the downlink, as opposed to a large number 

of narrow band carriers. This means that the data packets destined for a multiplicity of 

earthbound user terminals are time multiplexed into a single broadband, high data rate carrier. 

However, the data demodulation rate at an individual user terminal may be desired to be

20 much smaller than the carrier data rate, also referred to as the bearer data rate, to reduce 

demodulator complexity and cost. For example, an exemplary bearer data rate may be 500 

Mbits/sec, where an exemplary demodulation rate at an individual user terminal may be 2 

Mbits/sec.

A prior art method of demodulating Time Division Multiplexed (TDM) data

25 packets consists of demodulating all data packets in the downlink carrier in real time. Ac

cordingly, the user terminal demodulation rate has to be at least as great as the bearer modu

lation rate in order for complete demodulation to occur. The Inmarsat-C mobile satellite data 

transmission system is an example of such a system where the user terminal demodulation 

rate equals the bearer data, or modulation, rate. However, the bearer data rate in the
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Inmarsat-C is considerably lower (600 bits/sec) than applications of interest when transmit

ting in the higher radio frequency bands. Using the above example where a 500 Mbit/sec 

bearer data rate is implemented, “real time” demodulation, as provided by the Inmarsat-C, 

would mean that the user terminal would be required to have a 500 Mbit/sec demodulator.

5 This sets the complexity and cost of the demodulator at the user terminal at a much higher

level than if, for example, a 2 Mbit/sec demodulator were provided at the user terminal.

An alternative prior art method consists of utilizing a Time Division Multiple 

Access (TDMA) link, wherein the time axis is divided into frames, which are further subdi

vided into a multiplicity of slots. A plurality of receiver terminals are assigned to the time

10 slots, one receiver to a slot, for a finite length of time on a demand basis. In this manner, 

each receiver needs to demodulate at only approximately the rate of R/M, where R is the 

bearer data rate and M is the number of slots per frame. This “less than bearer data rate” 

demodulation is possible because each receiver has exact knowledge of when its designated 

data packet will arrive, and therefore need not demodulate other segments of the received

15 carrier. Although this technique allows for a reduction of the demodulation rate by a factor 

equal to the number of slots in a frame, typically by a factor of 7, the resulting required 

demodulation rate, typically 70 Mbits/sec, requires a demodulator still much greater in cost, 

complexity of implementation and power dissipation than a 2 Mbit/sec data rate demodulator.

The present invention is directed toward overcoming one or more of the

20 above-mentioned problems.

SUMMARY OF THE INVENTION

A method of demodulating a communication signal transmitted at a first rate 

is provided, wherein the communication signal includes a plurality of addresses and corre

sponding data packets. The demodulating method includes the steps of receiving the commu-

25 nication signal at a user terminal, identifying which of the plurality of data packets are 

destined for the receiving user terminal, and demodulating, at a second rate, only the data 

packets identified as being destined for the receiving user terminal.

In one aspect, the step of identifying which of the plurality of data packets are 

destined for the receiving user terminal includes the steps of demodulating the plurality of
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addresses, and detecting which of the plurality of addresses matches the receiving user 

terminal address.

In another aspect, the step of receiving the communication signal at the user 

terminal includes the steps of writing the received communication signal to a memory in the 

user terminal, and reading the communication signal from the memory for demodulation.

In another aspect, the second rate is less than the first rate.

In another aspect, the communication signal includes a TDM signal.

In another aspect, the communication signal is transmitted from an Earth

orbiting satellite.

In another aspect, the plurality of addresses and corresponding data packets 

are arranged by grouping the plurality of addresses together followed by the plurality of data 

packets.

In another aspect, the plurality of addresses and corresponding data packets 

have a one-to-one correspondence.

In another aspect, the plurality of addresses and corresponding data packets 

are arranged in an interleaved manner, wherein each address is immediately followed by its 

corresponding data packet.

In another aspect, the first rate is approximately 500 Mbits/sec.

In another aspect, the second rate is approximately 2 Mbits/sec.

In another aspect, the communication signal further includes a preamble 

having a continuous wave segment followed by a synchronization word, wherein the demod

ulating method further includes the steps of detecting a presence of energy in the continuous 

wave segment of the preamble, the detection of energy indicating receipt of the communica

tion signal at the user terminal, and filtering the synchronization word with a matched filter 

at the user terminal to confirm the detection of energy in the continuous wave segment.

In yet another aspect, the continuous wave segment includes an unmodulated, 

pure carrier wave.

In still another aspect, the synchronization word includes a bit pattern having 

a zero correlation with a shift in itself.
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An apparatus is also provided for demodulating a communication signal 

received at a user terminal at a first rate, wherein the communication signal includes a 

plurality of addresses and corresponding data packets. The apparatus includes a digital 

memory receiving and storing the sampled and digitized communication signal at the first

5 rate, an address list preprocessor receiving only the signal samples corresponding to the 

plurality of addresses from the memory, demodulating the plurality of addresses, and detect

ing which of the plurality of addresses matches the receiving user terminal address, and a 

demodulator receiving only the signal samples corresponding to the data packets from the 

memory whose corresponding addresses match the receiving user terminal address, and

10 demodulating the received data packets at a second rate less than the first rate.

In one aspect, the apparatus further includes a memory manager controlling

operation of the memory.

In another aspect, the communication signal is transmitted from an Earth

orbiting satellite.

15 In another aspect, the communication signal includes a preamble having a

continuous wave segment followed by a synchronization word, the apparatus including 

means for detecting the presence of energy in the continuous wave segment of the preamble, 

the detection of energy indicating receipt of the communication signal at the user terminal, 

and means for detecting the synchronization word to confirm the detection of energy in the

20 continuous wave segment.

In yet another aspect, the apparatus includes means for detecting the 

synchronization word in real time by a real time matched filter.

In still another aspect, the apparatus includes means for detecting the 

synchronization word in non-real time by a non-real time matched filter operating on stored

25 samples of the synchronization word.

An object of the present invention is to provide a method of demodulation for

high speed TDM packet data while reducing the complexity and the power dissipation of the 

demodulator at the user terminal so as to approach those of a demodulator that continuously 

demodulates only its own data.
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Another object of the present invention is to provide a demodulation system 

capable of demodulating high speed TDM packet data while maintaining a reduction in the 

complexity and power dissipation of the demodulator at the user terminal so as to approach 

those of a demodulator that continuously demodulates only its own data, and not data des

tined for another user terminal.

Other aspects, objects and advantages can be obtained from a study of the 

application, the drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a first burst transmission which enables low rate demodula

tion in the user terminal;

Fig. 2 illustrates timing diagrams depicting the relationships between a frame, 

a slot and a burst;

Fig. 3 illustrates a second burst transmission which enables low rate demodu

lation in the user terminal;

Fig. 4 is a block diagram of the functional architecture of a demodulator which 

enables low rate demodulation at the user terminal;

Fig. 5 illustrates timing diagrams for demodulation of a received burst trans

mission by the demodulator functional architecture of Fig 4;

Fig. 6 illustrates a third burst transmission which enables low rate demodula

tion in the user terminal;

Fig. 7 illustrates timing diagrams for a first alternative demodulation of a 

received burst transmission by the demodulator functional architecture of Fig 4;

Fig. 8 illustrates a fourth burst transmission which enables low rate demodula

tion in the user terminal; and

Fig. 9 illustrates timing diagrams for a second alternative demodulation of a 

received burst transmission by the demodulator functional architecture of Fig 4.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In wireless communication, e.g., from an Earth-orbiting satellite to an Earth

bound user terminal, or between distant Earthbound user terminals, data packets for several 

user terminals are time multiplexed together and transmitted at a generally high bit rate, 

which may approximate 500 Mbits/sec. The data packets include all the information which 

is to be sent to various user terminals, with each data packet containing a corresponding 

address of a user terminal where it is to be transmitted. In an exemplary form, the addresses 

and corresponding data packets are multiplexed together and transmitted at a generally high 

bit rate of approximately 500 Mbits/sec. It should be understood that the reference herein to 

a 500 Mbit/sec transmission rate is meant for illustrative purposes only, and is not meant to 

impose any limitations.

It should be understood that if different uplink and downlink formats are used,

i.e., narrow band TDMA for the uplink and wide band TDM for the downlink, and direct 

terminal-to-terminal communication via the satellite relay is employed, then the satellite must 

perform format conversion on board. Various suitable satellite techniques for receiving 

narrow band TDMA signals from terminals and reformatting them into wide band TDM 

signals for transmission to terminals may be implemented.

At the user terminal, continuous demodulation of the received signal is costly. 

Further, continuous demodulation of a signal received at 500 Mbits/sec is extremely difficult 

since correlation with the known bit patterns at the beginning of the transmitted signal, i.e., 

the timing marker, is required every 2 nano-seconds, or bit shift. Still further, continuous 

demodulation is also unnecessary, since a high percentage of the time the signal received at 

one user terminal is intended for another user terminal and need not be demodulated.

It is advantageous from the viewpoint of minimizing the complexity of 

satellite payload to utilize asynchronous TDM, or ATDM, in the downlink, whereby the 

exact time of transmission of a burst of data packets to a user terminal is unknown except 

within a conventional slot time period Tslot, which may be much longer than the time period 

Tpkt during which the data packets addressed to the particular user terminal are transmitted.

Fig. 1 depicts a signal structure, commonly referred to as a burst, indicated 

generally as 10, including a preamble 12, an address list 14 (A,, A2... AN), and a group of
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data packets 16 (Pl5 P2... PN). The burst 10 is transmitted, in each burst transmission, to all 

user terminals in a given cell, which is a region on the Earth covered by a given satellite 

beam.

Fig. 2 are timing diagrams depicting the relationships between a frame, a slot 

and a burst. It should be noted that the time structure, i.e., the start point, end point and 

repetition period, of a slot 18 and a frame 20 are known to the receiver. The burst 10 to a 

given cell has unknown start and end times, except that the burst 10 must be contained within 

the boundaries of the slot 18 assigned to the particular cell, as is shown in Fig. 2. Further, 

there may be no burst to a given cell in some slots, as shown in the second slot 22 in Fig. 2. 

The unknown start and end times of the burst 10 make this form of time division multi

plexing asynchronous, unlike synchronous time division multiplexing where the slot 18,22 

is further subdivided into hierarchies of fixed-boundary subslots.

Referring back to Fig. 1, the preamble 12 and address list 14 are configured, 

at the satellite, as precursors to the group of data packets 16 in each burst transmission 10 to 

a given user terminal. The addition of the preamble 12 and address list 14 as precursors 

permits a sampled-data (digital) receiver to precisely identify particular data packets P,, 

P2... PN that embody the information bits destined for the particular user terminal.

The preamble 12 informs the user terminal that the burst 10 has been received. 

The preamble 12 includes a continuous wave (CW) segment 24, followed by a synchroniza

tion (sync) word 26. The CW segment 24 is preferably an unmodulated pure carrier wave, 

and in the embodiment shown in Fig. 1, includes 64 bits all of the same polarity.

The user terminal has a passive mode, during which no bursts are received, 

and the user terminal simply listens to the forward downlink carrier for the onset of a burst. 

A narrow band filter in the user terminal detects the presence of energy in the CW segment 

24 of the preamble 12, and conventionally “activates” the user terminal. The relatively long 

CW segment 24 (64 bits) maximizes the signal-to-noise ratio in a narrow band burst-detect 

decision device, thereby maximizing the probability of detection and minimizing the proba

bility of false alarm.

The sync word 26 is then filtered with a matched filter to confirm the previous 

burst-detect decision based on the CW segment 24. The sync word 26 also enables the
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acquisition of initial phase, initial frequency offset, and symbol/frame timing, which are 

necessary for demodulation of the data bits. Preferably, the sync word 26 includes a pattern 

that is easily compared through a process of cross-correlation with an ideal sync pattern 

having a low auto-correlation function for time shifts greater than 1 -bit.

The preamble 12 is followed by the address list 14, which consists of an 

ordered list of user terminal addresses A„ A2... AN corresponding to each data packet P„ P2 

. . . PN in the burst 10. The addresses are collected at the satellite and there is a one-to-one 

correspondence between the position of an address Ab A2. . . AN in the address list 14 and 

the position of a data packet P,, P2.. . PN in the group of data packets 16.

A first segment (not shown) of the address list 14 consists of a “number of 

packets” field, which precedes the first address entry A,. This simplifies user terminal 

processing as it informs the user terminal of the size of the address list 14. The last address 

entry AN is followed by an error detection check sum (not shown) which enables the user 

terminal to determine if the address list 14 has been received error free.

The burst 10 also includes a conventional guard time segment G at the begin

ning. The guard time represents the period of time in which nothing of significance is 

transmitted, allowing the beam antenna at the satellite to switch directions. The 31-bit-length 

guard time G in Fig. 1 is provided generally to allow the transmitting equipment in the 

satellite to settle down and prepare for transmission.

Accordingly, a demodulator at a user terminal receiving the burst 10, first 

detects for the presence of energy in the CW segment 24. If energy is detected, the sync 

word 26 is compared with a matched filter to confirm the detection of energy in the CW 

segment 24 and activating the demodulator if so confirmed. Subsequently, the addresses A„ 

A2. .. AN are sequentially demodulated and processed to identify if any of the data packets 

P„ P2. .. PN in the transmitted burst 10 are destined for that particular user terminal. After 

the address list 14 is demodulated and processed, the demodulator skips over data packets not 

intended for the user terminal, and demodulates only those identified data packets intended 

for the user terminal.

For example, assume 14 data packets (N = 14) are transmitted in the transmit

ted burst 10, with particular data packets P3 and P8 including information bits destined for the
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receiving user terminal. After processing the preamble 12 to detect and confirm that the burst 

10 has arrived, the addresses Ab A2 . . . AI4 are processed and data packets P3 and P8 are 

identified as being destined for the receiving user terminal. More specifically, the demodu

lator demodulates address A,, A2 . . . A14 and detects that addresses A3 and Ag match the 

receiving user terminal address. The demodulator then demodulates only data packets P3 and 

P8, skipping over data packets PrP2, P4-P7, and P9-P14.

In the continuous time domain, the above-described method is equivalent to 

identifying the continuous time segments of the received burst 10 that embody the informa

tion bits destined for the particular user terminal. The user terminal need only demodulate 

relatively few additional bits over and above the bits that constitute its own data packets. 

This reduces the demodulation rate of the user terminal to a level close to that of its own 

packet data rate. Further, the number of bits dedicated to the address of an individual user 

terminal is generally a small fraction of the number of bits in the entire burst transmission; 

with a typical fraction being 3%. Thus, the demodulator need only demodulate 3% of the 

received burst transmission 10, plus whatever number of bits make up the data packets P,, 

P2 . . . PN destined to the particular user terminal; considerably less than the entire burst 

transmission 10.

Further, it is not necessary to demodulate every bit in each of the addresses Ab 

A2 . . . An. If it is assumed that “0” and “1” occur equally at the first address bit, then pre

sumably fifty-percent (50%) of the time only the first bit of an address needs to be demodu

lated. Fifty-percent of the time the first bit of the address will not match the first bit of the 

user terminal address, and the demodulator can disregard the remaining bits and move on to 

the next address. The same holds true for the second, third, fourth, etc., bits of the addresses 

Als A2... An.

When data is transmitted using both error correction coding and modulation, 

demodulation may have to be performed for all address bits, followed by decoding. How

ever, error correction decoding may be terminated as soon as it is evident that it will not 

produce the receiving user terminal’s address, e.g., when no state of a Viterbi decoder con

tains a bit pattern matching the receiving user terminal’s address.
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Demodulation of the address list 14 enables the user terminal to know exactly 

which data packets P„ P2... PN are intended for it, allowing it to ignore the rest of the non

intended data packets Pb P2. .. PN. In summary, by knowing the following: (a) the time of 

the onset of the burst 10; (b) the size of each data packet Pb P2... PN; and (c) the sequence 

number(s) of its own data packet(s) in the group of data packets 16 in the burst 10, the user 

terminal locates the exact time-segments of the received burst 10 that it needs to demodulate. 

In an ATM protocol, the length of the group of data packets 16 is known to the user terminal 

as all data packets P,, P2.. . PN have the same length. However, if the length of the group 

of data packets 16 is unknown, the above method will still work provided the address list 14 

has a field specifying the length of each data packet Pb P2... PN, in addition to the addresses 

and any other fields.

An alternate address list construction scheme is illustrated in Fig. 3. In this 

alternate construction scheme, a plurality of data packets for the same user terminal are 

grouped in a continuous sequence. The burst 10' may have one or more sequences for each 

user terminal. In this alternative scheme, the number of entries Ab A2.. . AM in the address 

list 14' is less than the number of data packets Pb P2... PN in the group of data packets 16, 

with each address list entry Ab A2... AM corresponding to a contiguous sequence of n data 

packets Pb P2 . . . PN addressed to the same user terminal. Each address list entry Ab 

A2 . . . Am has two fields, an address field 28 and a “number of contiguous data packets 

equals «” field 30. There could be several address list entries for the same user terminal 

owing to the presence of several, non-contiguous data packets addressed to the same user 

terminal. It is not required in this alternative scheme for the satellite payload to enforce 

contiguity among all data packets Pb P2 . . . PN addressed to a single user terminal, as this 

would increase the necessary payload capacity of the satellite. While this alternative scheme 

requires more user terminal processing, it offers a potential reduction of the transmission 

overhead contributed by the address list 14', particularly when the burst 10' is dominated by 

transmissions to a few users.

Demodulation of the burst 10' is performed in the same manner as previously 

described. More specifically, detecting and checking that the burst 10' has arrived at the user 

terminal via the CW segment 24 and sync word 26, identifying which of the data packets Pb
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P2. . . PN are destined to the user terminal by sequentially demodulating and detecting the 

addresses Ab A2. . . AM in the address list 14' which match the user terminal address, and 

demodulating only those data packets identified as being destined to the user terminal.

Channel capacity may be maximized, in both of the above-described forms of 

address list construction, by excising the user terminal address, and data packet length in the 

case of variable data packet lengths, from the transmitted data packets. On the other hand, 

satellite payload processing complexity may be minimized by leaving the transmitted data 

packets unmodified and incurring some overhead increase by redundant transmission of the 

addresses and data packet lengths.

Fig. 4 depicts a block diagram of the functional architecture of a demodulator, 

indicated generally as 32, for demodulating a received burst 10,10' based on the above- 

described method. The burst 10,10', indicated as a traffic signal x(n), is transmitted from an 

A/D subsystem (not shown), and received by the demodulator at 34. The traffic signal x(n) 

carries sampled data at an exemplary rate of 550.068 million complex samples per second, 

with one complex sample per symbol and a symbol rate of 550.068 x 106 symbols per second. 

With four-bit A/D converters, the input data rate is approximately 550 Mbytes/sec.

The traffic signal x(n) is stored in the main sample memory 36, which consists 

of a parallel bank of memory chips 38, of exemplary 64 Kbyte memory, a multiplexer 40, of 

the exemplary ratio 1:16, and a demultiplexer 42, of the same ratio as the multiplexer 40. 

Since the memory chips 38 operate at READ and WRITE access rates lower than the 550 

Mbytes/sec input rate, the use of a parallel bank of memory chips 38 is necessary.

Referring to Figs. 4-5, and more particularly Figs. 4-5(a), the WRITE event 

to the main memory 36 is controlled by a conventional write gate control signal 44, and is 

started/stopped by the beginning/end of the known slot period, within which period the burst 

transmission 10,10' occurs.

The memory location of the start of the burst 10,10' is accurately identified by 

the process of matched filtering on the sync word 26. This matched filtering involves com

paring the received signal with different time-shifted versions of the stored sync word 26 

through the process of cross-correlation and identifying the time shift corresponding to the 

maximum correlation. The matched filtering may be performed in real time, such that there
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is no storage of the received signal for off-line computation of the cross-correlations. The 

matched filter may be conveniently implemented as a Surface-Acoustic-Wave (SAW) 

transversal filter, which operates on the analog IF signal prior to A/D conversion. It is also 

possible to implement the real time matched filter after A/D conversion in a high speed 

digital filter. At the time instant corresponding to the cross-correlation peak of the matched 

filter, an interrupt pulse is provided to the digital demodulator, thereby time tagging the 

Time-of-Arrival (ToA) of the burst. Knowledge of the ToA of the burst allows a memory 

map to be constructed between real time and memory location in the main memory 36.

Referring to Figs. 4-5, at the end of the slot time, the samples embodying the 

address list 14,14' are transferred (Fig. 5(b)) from the main memory 36 through demux 42 to 

an address list preprocessor 46 via a temporary storage 1:16 multiplexer 48, under the control 

(signal 50) of the memory manager 52. The address list preprocessor 46 demodulates (Fig. 

5(c)) the address list 14,14' and includes an array of address detectors 54 each having a 

memory 56, followed by a results combiner 58. Address detectors 54 may be efficiently 

implemented in ASICs.

The sequence number(s) of the data packets P„ P2... PN destined for the user 

terminal are forwarded by the address list preprocessor 46 to the memory manager 52. The 

memory manager 52 also receives an input from a preamble detect circuit 60. The preamble 

detect circuit 60 receives the analog IF signal s(t) and includes the narrow band filter 62 

detecting the presence of energy in the CW segment 24, and the matched filter 64 confirming, 

via the sync word 26, the previous burst-detect decision based on the CW segment 24. The 

burst ToA interrupt pulse from the preamble detect circuit 60 to the memory manager 52 is 

carried on signal 74. The preamble detect circuit 60 also provides the memory manager 52, 

via signal 66, data relating to the acquisition of initial phase, initial frequency offset, and 

symbol/ffame timing.

Knowing the memory location start of the burst 10,10' and the sequence 

number, in the sequence of all data packets 16 in the burst 10,10', of a user terminal’s own 

data packets allows the memory manager 52 to identify precisely which samples stored in the 

main memory 36 need to be demodulated to read the user terminal’s own data packets. 

Under the control of the memory manager 52, via signal 68, these samples are transferred
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(Fig. 5(d)) from the main memory 36 to the local memory 70 of the user terminal’s own-data 

demodulator 72. The demodulator 72 may be efficiently implemented in an ASIC and 

operates quasi-continuously, demodulating (Fig. 5(e)) at its own data rate, for example, 2 

Mbits/sec. The only interruption to the demodulation performed by the demodulator 72 is 

caused by the downloading of samples from the main memory 36.

Fig. 5 illustrates exemplary timing diagrams for the above-described sequence 

of events. The frame time between burst transmissions is indicated to be 12.8 milli-seconds. 

Timing diagram (a) depicts writing, at 550 Mbytes/sec, the received burst 10 to the main 

memory 36 during the slot time Tslot of 1.83 milli-seconds. At the end of the slot time, the 

preamble 12 and address list 14 are transferred from the main memory 36 to the preprocessor 

46 (timing diagram (b)). Following the transfer, the preamble 12 and address list 14 are 

demodulated at a rate considerably less ((4 x 3.5) Msymbols/sec) than the 550 Mbytes/sec 

input rate (timing diagram (c)).

The specific data packets P„ P2. . . PN which need to be demodulated, i.e., 

identified as being destined to the user terminal, are then transferred from the main memory 

36 to the local memory 70 of the user terminal’s demodulator 72 (timing diagram (d)), and 

demodulated at the considerably lower rate of 2 Mbit/sec (timing diagram (e)). All pertinent 

data packets Pb P2... PN should be transferred out of the main memory 36 prior to receiving 

the next burst 10 to ensure proper operation.

Fig. 6 depicts yet another alternative burst transmission, i.e., third burst 

transmission, indicated generally as 80, which can be utilized with the above-described 

demodulator and demodulating method. The burst transmission 80 includes the same guard 

bits G, CW segment 24 and sync word 26 as included in the burst transmissions 10,10' shown 

in Figs. 1 and 3. The only difference is that the addresses A,, A2... AN and data packets P,, 

P2. .. PN of burst 80 are arranged in an interleaved manner, wherein each address A„ A2.. 

. An is immediately followed by its corresponding data packet P„ P2... PN. For fixed length 

data packets, the memory manager 52 has exact knowledge of the locations of the terminal 

address fields of all received data packets. This knowledge is used to first read only the 

terminal addresses A,, A2... AN for each data packet P,, P2... PN. As previously described, 

only if an address is detected as matching the user terminal address is the corresponding data
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packet demodulated. Accordingly, the burst transmission 80 of Fig. 6 permits a low data rate 

demodulator to be utilized for demodulating only limited segments of the received burst 80, 

but avoids the addition of an address list 14,14' as shown in Figs. 1 and 3. While this ap

proach requires less processing in the satellite payload (no separate address list needed), it 

requires more processing in the user terminal. It also eliminates the possibility of incorporat

ing exceptionally robust error detection and/or correction coding in the address list, which is 

beneficial for reducing demodulator workload.

It should be understood that various modifications could be made without 

departing from the spirit and scope of the present invention. As examples only, two alterna

tive modifications of the above-described invention are provided below.

In a first alternative demodulation scheme, as illustrated in the timing dia

grams of Fig. 7, the start of the WRITE event to the main memory 36 is triggered, not by the 

start of a slot as shown in Fig. 5(a), but by the detection of the CW segment 24 (Figs. 7(c-d)). 

The end of the WRITE event, however, coincides with the end of the slot (Figs. 7(a) and (d)), 

as in the basic embodiment described previously and illustrated in Fig. 5(a). This is de

scribed in greater detail below.

One factor which can influence the cost of a terminal is the amount of power 

taken by the processing circuits on average, and the consequent need to dissipate heat. If 

mean power can be kept below the level at which a cooling fan would be needed, the cost of 

cooling can be reduced. It will now be described how the CW segment 24, or unmodulated 

part of the preamble 12, and the sync word 26, address list 14,14' and data packets 16, 

together forming the modulated part of the burst 10,10', are used to minimize power con

sumption. Within the modulated part of the burst 10,10', the sync word 26 generally includes 

a known symbol pattern, while the address list 14,14' and data packets 16 generally include 

an unknown symbol pattern.

In the “idle” mode, while waiting for a signal burst from the satellite or other 

signal transmission device, such as, but not limited to, terrestrial signal transmission devices, 

the high-speed A/D converter (not shown) and the initial sync correlator, or matched filter 64, 

can be powered down to save power. Only the CW segment detector 62 need be operative. 

The CW segment detector 62 may be made to consume comparatively little power by using



WO 99/52228 PCT/US99/03965

-15-

an analog circuit. For example, a narrow band IF filter may be provided with a bandwidth of 

the order of 64-times narrower than the main receiver filter (not shown), due to the fact that 

CW segment 24 includes 64 like symbols in a row. The main IF filter (not shown) for a 550 

Mbytes/sec GMSK transmission would be of the order of 400 MHz wide, while the narrow

5 band filter 62 may be of the order of 400/64 = 6 MHz wide. The signal-to-noise ratio in the 

narrow band filter 62 is thus higher by a factor of 64, or 18 dB, than the signal-to-noise ratio 

of individual data symbols, assisting detection.

The narrow band filter 62 may include a simple diode detector to rectify the 

CW segment 24 to provide a signal amplitude indication. The rectified signal is applied to

10 a threshold detection device, such as a Scmitt trigger. The detect, or trigger, threshold is set 

so that false triggering on noise occurs with negligible frequency, but so that triggering 

occurs with near certainty upon occurrence of a CW segment 24 burst at signal levels suffi

cient for good data detection, i.e., at above 18 dB signal-to-noise ratio in the narrow band

width, and thus above 0 dB signal-to-noise ratio in the data modulation bandwidth.

15 Upon the detection trigger device providing an output indicative of the pres

ence of the CW segment 24, the fast A/D converter is enabled to digitize the received signal 

and transfer samples to the main memory 36. In parallel, the 64-bit sync correlator, or 

matched filter 64, is enabled to process signal samples to search for the presence of the sync 

word 26. If the sync word 26 is not detected within a given time interval after the CW

20 segment detector 62 last detected an above-threshold energy in the narrow band filter 62, the 

receiver is returned to the power-down state where it awaits detection of the CW segment 24 

once more.

On the other hand, if the 64-bit sync correlator 64 detects the 64-bit sync word 

26, the A/D converter will be allowed to continue writing samples into main memory 36 for

25 a defined period corresponding to the maximum possible length of burst 10. The sample 

count, or index, at which the sync word 26 was detected may also be written to the main 

memory 36 or otherwise recorded for future use by the demodulator and decoder as a START 

marker. This START marker allows the demodulator to identify precisely the address in the 

main memory 36 corresponding to the first signal sample to be demodulated to retrieve
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information. This first retrieved information may include the number of addresses, followed 

by the addresses in sequence.

Address decoding of a particular address terminates when it is evident that the 

decoded address will not match the terminal’s own address. The demodulator and decoder 

then skips to the beginning of the next address and commences demodulating and decoding 

that next address. Address decoding terminates when all addresses have been decoded or 

skipped, or, in the case that the address of a terminal is constrained to occur only once in the 

address list 14,14', address decoding may terminate upon detecting that a decoded address 

matches the terminal’s own address. The demodulator can then predict, from the number of 

the address which matched its own address, which packet number in the sequence of data 

packets 16 is intended for that terminal. Intervening signal samples, corresponding to other 

addresses or data packets intended for other terminals, are then skipped and samples corre

sponding only to data packets intended for the identified terminal are processed to demodu

late and decode the data. In the above-described way, the sequential use of the CW segment 

24, the sync word 26 and the address list 14,14' to turn on the full processing power of the 

receiver only during selected time periods, significantly reduces the mean processing speed 

requirements and consequently the power consumption and cooling requirements, all of 

which contribute to a reduction in cost and complexity of the terminal.

A notable advantage of the first alternative demodulation method over the 

basic demodulation method is that the first alternative demodulation method allows parts of 

the receiver, such as the A/D converter, to be in a power-saving mode until a burst 10 is 

received. In contrast, in the basic demodulation method, the A/D converters always WRITE 

to the main memory 36 for the entire duration of each slot.

Fig. 8 depicts still another alternative burst transmission, i.e., fourth burst 

transmission, illustrated generally as 90, which can be utilized with the above-described 

demodulator and demodulating methods. The burst transmission 90 is basically the burst 

transmission 10 of Fig. 1, including an additional end-of-burst CW segment 92 introduced at 

the end of the burst 10, i.e., after the group of data packets 16. To avoid ambiguity, the end- 

of-burst CW segment 92 may have a different center frequency than the CW segment 24. 

This allows the WRITE event to be terminated by the detection of the end-of-burst CW
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segment 92, rather than by the end of the slot, which further shortens the power-up mode of 

the A/D converter. Considerations for implementing the detection circuit 76 for the end-of- 

burst CW segment 92 are identical to those for the detection circuit 62 for the CW segment

24. Accordingly, a detailed discussion is not necessitated.

It should be noted that while Fig. 8 illustrates the end-of-burst CW segment 

92 introduced at the end of burst 10, the end-of-burst CW segment 92 may also be introduced 

at the end of bursts 10' and 80 providing similar operation. That is, terminating the WRITE 

event upon detection of the end-of-burst CW segment 92, rather than by the end of the slot.

In a second alternative demodulation scheme, as illustrated in the timing 

diagrams of Fig. 9, the sync word 26 is not matched filtered in real time. Instead, this opera

tion is performed in non-real time as a first task before non-real time demodulation of the 

address list 14,14', using the processing resources of the address list preprocessor 46. Timing 

diagrams for this second alternative demodulation scheme are illustrated in Fig. 9, where the 

WRITE event (Fig. 9(c)) to the main memory 30 is controlled according to the principles set 

forth with respect to the fourth burst transmission 90 described above. More specifically, the 

WRITE event is turned on by the detection of the first CW segment 24 and turned off by the 

detection of the end-of-burst CW segment 92, via the preamble detect circuit 60. It should 

be noted that eliminating real time matched filtering of the sync word 24 reduces receiver 

cost and power dissipation, as the non-real time matched filtering can be done for a small 

increase in complexity of the address list preprocessor 46. After the sync word 24 is matched 

filtered in non-real time at Fig. 9(e), demodulation occurs at Figs. 9(f-h) as previously 

described with respect to Fig. 5, and a detailed discussion is not necessary.

While the present invention has been described with particular reference to the 

drawings, it should be understood that various modifications could be made without depart

ing from the spirit and scope of the present invention.
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CLAIMS

1. A method of demodulating a communication signal transmitted at a first 

rate, the communication signal including a plurality of addresses and corresponding data 

packets, said demodulating method comprising the steps of:

5 receiving the communication signal at a user terminal;

identifying which of the plurality of data packets are destined to the receiving

user terminal; and

demodulating, at a second rate, only the data packets identified as being 

destined to the receiving user terminal.

10 2. The demodulating method of claim 1, wherein the step of identifying which

of the plurality of data packets are destined to the receiving user terminal comprises the steps 

of:

demodulating the plurality of addresses; and

detecting which of the plurality of addresses matches the receiving user

15 terminal address.

3. The demodulating method of claim 2, wherein the step of receiving the 

communication signal at the user terminal further comprises the steps of:

writing the received communication signal to a memory in the user terminal; 

and

20 reading the communication signal from the memory for demodulation.

4. The demodulating method of claim 1, wherein the second rate is less than

the first rate.

5. The demodulating method of claim 1, wherein the communication signal 

comprises a TDM signal.
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6. The demodulating method of claim 1, wherein the plurality of addresses 

and corresponding data packets are arranged by grouping the plurality of addresses together 

followed by the plurality of data packets.

7. The demodulating method of claim 6, wherein the plurality of addresses

5 and corresponding data packets have a one-to-one correspondence.

8. The demodulating method of claim 1, wherein the plurality of addresses 

and corresponding data packets are arranged in an interleaved manner, wherein each address 

is immediately followed by its corresponding data packet.

9. The demodulating method of claim 1, wherein the first rate is approxi- 

10 mately 500 Mbytes/sec.

10. The demodulating method of claim 1, wherein the second rate is approxi

mately 2 Mbits/sec.

11. The demodulating method of claim 1, wherein the communication signal 

is transmitted from an Earth-orbiting satellite.
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12. A method of demodulating a communication signal received at a user 

terminal at a first rate, the communication signal including a preamble having a continuous 

wave segment followed by a synchronization word, and a plurality of addresses and corre

sponding data packets, said demodulating method comprising the steps of:

5 detecting a presence of energy in the continuous wave segment of the pream

ble, said detection of energy indicating receipt of the communication signal at the user 

terminal;

comparing the synchronization word with a matched filter at the user terminal 

to confirm the detection of energy in the continuous wave segment;

10 identifying which of the plurality of data packets are destined to the receiving

user terminal; and

demodulating, at a second rate, only the data packets identified as being 

destined to the receiving user terminal.

13. The demodulating method of claim 12, wherein the step of detecting a

15 presence of energy in the continuous wave segment of the preamble comprises the step of

filtering the communication signal using a narrow bandpass filter.

14. The demodulating method of claim 12, wherein the step of identifying 

which of the plurality of data packets are destined to the receiving user terminal comprises 

the steps of:

20 demodulating the plurality of addresses; and

detecting which of the plurality of addresses matches the receiving user

terminal address.

15. The demodulating method of claim 12, further comprising the steps of: 

receiving the communication signal at the user terminal;

25 storing the communication signal in a memory at the receiving user terminal;

and

reading the communication signal from the memory for demodulation.
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16. The demodulating method of claim 15, wherein the communication signal 

is read from the memory at a third rate less than the first rate.

17. The demodulating method of claim 12, wherein the second rate is less 

than the first rate.

5 18. The demodulating method of claim 17, wherein the first rate is approxi

mately 500 Mbytes/sec, and the second rate is approximately 2 Mbits/sec.

19. The demodulating method of claim 12, wherein the plurality of addresses 

andcorresponding data packets are arranged by grouping the plurality of addresses together 

followed by the plurality of data packets.

10 20. The demodulating method of claim 19, wherein the plurality of addresses

and corresponding data packets have a one-to-one correspondence.

21. The demodulating method of claim 12, wherein the plurality of addresses 

and corresponding data packets are arranged in an interleaved manner, wherein each address 

is immediately followed by its corresponding data packet.

15 22. The demodulating method of claim 12, wherein the communication signal

is transmitted from an Earth-orbiting satellite.

23. The demodulating method of claim 12, wherein the step of comparing the 

synchronization word with a matched filter at the user terminal to confirm the detection of 

energy in the continuous wave segment is performed in real time.
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24. A method of demodulating a communication signal transmitted at a first 

rate, the communication signal including a plurality of addresses and corresponding data 

packets, said demodulating method comprising the steps of:

receiving the communication signal at a user terminal;

writing the received communication signal to a memory in the receiving user
terminal;

identifying which of the plurality of data packets are destined to the receiving

user terminal;

reading from the memory only the data packets identified as being destined to 

the receiving user terminal; and

demodulating, at a second rate less than the first rate, the data packets identi

fied as being destined to the receiving user terminal.

25. The demodulating method of claim 24, wherein the step of identifying 

which of the plurality of data packets are destined to the receiving user terminal comprises 

the steps of:

reading only the plurality of addresses from the memory; 

demodulating the plurality of addresses read from the memory; and 

detecting which of the plurality of addresses matches the receiving user

terminal address.

26. The demodulating method of claim 24, wherein the communication signal 

further includes a preamble having a first continuous wave segment followed by a synchroni

zation word, and wherein the step of receiving the communication signal at the user terminal 

comprises the steps of:

detecting a presence of energy in the first continuous wave segment of the 

preamble, said detection of energy indicating receipt of the communication signal at the user 

terminal; and

filtering the synchronization word with a matched filter at the receiving user 

terminal to confirm the detection of energy in the first continuous wave segment.
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27. The demodulating method of claim 26, wherein the step of detecting a 

presence of energy in the first continuous wave segment of the preamble comprises the step 

of filtering the communication signal using a narrow bandpass filter.

28. The demodulating method of claim 26, wherein the first continuous wave

5 segment comprises an unmodulated, pure carrier wave.

29. The demodulating method of claim 26, wherein the synchronization word 

comprises a bit pattern having zero correlation within a shift in itself.

30. The method of claim 26, wherein the communication signal further 

includes a second continuous wave segment following the plurality of addresses and corre-

10 sponding data packets, and wherein the step of writing the received communication signal to

a memory in the receiving user terminal is terminated upon detecting a presence of energy in 

the second continuous wave segment.

31. The method of claim 30, wherein the first and second continuous wave 

segments have different center frequencies.

15 32. The method of claim 26, wherein the step of filtering the synchronization

word with a matched filter at the receiving user terminal comprises the step of determining 

an initial phase and frequency offset of the communication signal.

33. The demodulating method of claim 24, wherein the communication signal 

is transmitted from an Earth-orbiting satellite.
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34. An apparatus for demodulating a communication signal received at a user 

terminal at a first rate, the communication signal including a plurality of addresses and 

corresponding data packets, said apparatus comprising:

a memory receiving and storing the communication signal at the first rate;

5 an address list preprocessor receiving only the plurality of addresses from the

memory, said address list preprocessor demodulating the plurality of addresses and detecting 

which of the plurality of addresses matches the receiving user terminal address; and

a demodulator receiving only data packets from the memory whose corre

sponding addresses match the receiving user terminal address, and demodulating said re-

10 ceived data packets at a second rate less than the first rate.

35. The apparatus of claim 34, further comprising a memory manager control

ling operation of the memory.

36. The apparatus of claim 35, wherein the plurality of addresses and corre

sponding data packets are arranged by grouping the plurality of addresses together followed

15 by the plurality of data packets.

37. The apparatus of claim 36, wherein the plurality of addresses and corre

sponding data packets have a one-to-one correspondence.

38. The apparatus of claim 34, wherein the plurality of addresses and corre

sponding data packets are arranged in an interleaved manner, wherein each address is imme-

20 diately followed by its corresponding data packet.

39. The apparatus of claim 34, wherein the first rate is approximately 500

Mbytes/sec.

40. The apparatus of claim 34, wherein the second rate is approximately 2

Mbits/sec.
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41. The apparatus of claim 34, wherein said communication signal comprises
a TDM signal.

42. The apparatus of claim 34, wherein the communication signal is transmit

ted from an Earth-orbiting satellite.

5 43. The apparatus of claim 34, wherein the communication signal includes a

preamble having a first continuous wave segment followed by a synchronization word, 

wherein said apparatus further comprises a preamble detect circuit detecting a presence of 

energy in the first continuous wave segment of the preamble, said detection of energy indicat

ing receipt of the communication signal at the user terminal, and confirming the detection of

10 energy in the first continuous wave segment via the synchronization word.

44. The apparatus of claim 43, wherein the preamble detect circuit includes 

a narrow bandpass filter through which the communication signal is filtered to detect the 

presence of energy in the first continuous wave segment.

45. The apparatus of claim 43, wherein the preamble detect circuit includes

15 a matched filter, and wherein the synchronization word is filtered with the matched filter to

determine an initial phase and frequency offset of the communication signal.

46. The apparatus of claim 43, wherein the communication signal further 

includes a second continuous wave segment following the plurality of addresses and corre

sponding data packets, said apparatus further comprising an end detection circuit detecting

20 a presence of energy in the second continuous wave segment, wherein the detection of energy 

in the first continuous wave segment initiates storage of the communication signal in the 

memory, and wherein the detection of energy in the second continuous wave segment termi

nates storage of the communication signal in the memory.
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47. The apparatus of claim 46, wherein the first and second continuous wave 

segments have different center frequencies.

48. The apparatus of claim 43, wherein the preamble detect circuit includes 

a matched filter, and wherein the synchronization word is filtered with the matched filter to

5 confirm the detection of energy in the continuous wave segment.

49. The apparatus of claim 48, wherein the synchronization word is filtered 

with the matched filter in real time.

50. The apparatus of claim 48, wherein the synchronization word is read from 

the memory and filtered with the matched filter in non-real time.

10 51. The apparatus of claim 48, wherein the synchronization word comprises

a bit pattern having zero correlation within a shift in itself.

52. The apparatus of claim 43, wherein the continuous wave segment com

prises an unmodulated, pure carrier wave.
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53. A method of communicating with a user terminal having a receiver of 

reduced power consumption, said method comprising the steps of:

transmitting a communication signal at a first rate, the communication signal 

including an unmodulated signal followed by a modulated signal, the modulated signal

5 including a known symbol pattern and an unknown symbol pattern;

detecting the unmodulated signal using the reduced power receiver and

producing a power-up signal in response to detection;

using the power-up signal to enable a detector for the known symbol pattern,

the known symbol pattern detector producing a demodulation enable signal in response to 

10 detection of the known symbol pattern; and

using the demodulation enable signal to initiate demodulation of the unknown 

symbol pattern.

54. The method of claim 53, wherein the unmodulated signal comprises a 

continuous wave segment.

15 55. The method of claim 54, wherein the step of detecting the unmodulated

signal using the reduced power receiver comprises the step of detecting a presence of energy 

in the continuous wave segment, said detection of energy indicating receipt of the communi

cation signal at the user terminal.

56. The method of claim 55, wherein the step of detecting a presence of

20 energy in the continuous wave segment comprises the step of filtering the communication

signal using a narrow bandpass filter.

57. The method of claim 53, wherein the known symbol pattern comprises a 

synchronization word, and wherein detection of the known symbol pattern comprises the step 

of filtering the synchronization word with a matched filter at the user terminal.
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58. The method of claim 53, wherein the unknown symbol pattern comprises 

a plurality of addresses and corresponding data packets, and wherein demodulation of the 

unknown symbol pattern comprises the steps of:

identifying which of the plurality of data packets are destined to the receiving 

5 user terminal; and

demodulating, at a second rate less than the first rate, only the data packets 

identified as being destined to the receiving user terminal.

59. The method of claim 58, wherein the step of identifying which of the 

plurality of data packets are destined to the receiving user terminal comprises the steps of:

10 demodulating the plurality of addresses; and

detecting which of the plurality of addresses matches the receiving user

terminal address.

60. The method of claim 58, wherein the plurality of addresses and corre

sponding data packets are arranged by grouping the plurality of addresses together followed

15 by the plurality of data packets.

61. The method of claim 58, wherein the first rate is approximately 500 

Mbytes/sec, and the second rate is approximately 2 Mbits/sec.

62. The method of claim 53, wherein the communication signal comprises a

TDM signal.

20 63. The method ofclaim 53, wherein the communication signal is transmitted

from an Earth-orbiting satellite.
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64. A method of demodulating a communication signal transmitted at a first 

rate, the communication signal including a preamble having a first continuous wave segment 

followed by a synchronization word and a plurality of addresses and corresponding data 

packets, said demodulating method comprising the steps of:

5 detecting a presence of energy in the first continuous wave segment of the

preamble, said detection of energy indicating receipt of the communication signal at the user 

terminal;

writing the received communication signal to a memory in the receiving user

terminal;

10 reading from the memory the synchronization word;

filtering the synchronization word with a matched filter at the receiving user

terminal to confirm the detection of energy in the continuous wave segment;

identifying which of the plurality of data packets are destined to the receiving

user terminal;

15 reading from the memory only the data packets identified as being destined to

the receiving user terminal; and

demodulating, at a second rate less than the first rate, the data packets identi

fied as being destined to the receiving user terminal.

65. The method of claim 64, wherein the communication signal further

20 includes a second continuous wave segment following the plurality of addresses and corre

sponding data packets, and wherein the step of writing the received communication signal to 

a memory in the receiving user terminal is terminated upon detecting a presence of energy in 

the second continuous wave segment.

66. The method of claim 65, wherein the first and second continuous wave

25 segments have different center frequencies.
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