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ABSTRACT

An approach for extending the JTIDS capability beyond LOS by use of a synchronous
satellite relay is described. The concept of a satellite relay introduces certain immediately
apparent operational advantages over airborne relays. However, a requirement that the
satellite relay be transparent to the basic JTIDS waveform, i.e., same carrier frequency and
modulation, introduces some unique satellite repeater design problems. These problems,
and their associated system design trade-offs, are discussed along with a potentially
feasible design solution.

Also, since the JTIDS TDMA format is designed for LOS propagation times, some unique
network timing and control problems are introduced by the utilization of a synchronous
satellite relay. Therefore, solutions which are transparent to the basic JTIDS waveform and
terminal design, while compatible with a satellite network, are also discussed in the paper,
along with a candidate baseline solution.

INTRODUCTION

The JTIDS system is being designed and developed to provide a C3 function for highly
mobile line-of-sight (LOS) networks. Operation beyond LOS is typically accomplished via
aircraft relays. This paper discusses several preliminary concepts for providing this relay
function via a synchronous communication satellite.

In designing the integrated JTIDS LOS/SAT network, the TDMA characteristics of the
JTIDS signal structure are taken into account for both the network architecture design and
the satellite transponder design. Furthermore, the network and transponder designs must
also be compatible with the existing JTIDS spread spectrum modulation and frequency
band so as to preserve the intrinsic performance of the JTIDS system. This eliminates the
possibility of a simple frequency sidestepping transponder Also, the concept of gateway



stations is eliminated since such stations increase system vulnerability as well as
necessitating development of terminal equipment unique to the LOS/SAT system.

The following discussion presents concepts for network architecture, such as network time
and network control, as well as satellite transponder design considerations. Trade-offs
between transponder performance and complexity are discussed. A full processing
transponder is recommended.

JTIDS INTEGRATED SATELLITE AND LINE-OF-SIGHT NETWORK
ARCHITECTURE

Several ground rules have been adopted at the outset of designing the integrated
LOS/Satellite JTIDS network. These ground rules are as follows:
(1) The JTIDS terminals for the integrated system shall be as close as possible in design

and function to the JTIDS I terminals. In other words, the JTIDS signal modulation
and format shall remain unchanged for satellite links.

(2) A “key terminal” or “gateway terminal” concept for satellite access should be
avoided. It is desirable for any and all network users to be capable of accessing the
satellite.

(3) In consideration of (1) and (2), the satellite uplink frequency band shall be the same
as the normal JTIDS band, i.e., 960 - 1215 MHz.

(4) The antijam capability of the JTIDS waveform should be preserved for the satellite
links to the greatest extent possible.

From the above considerations, we see that the desired concept is an integrated LOS and
satellite network wherein the only new element relative to a conventional JTIDS LOS
network is the satellite.

The elements of such a system are shown in the conceptual system diagram of Figure 1. In
this concept, there are as many LOS networks as necessary and they are interconnected via
the satellite. A LOS network is generally defined as the group of users which are located
within a 500-mile diameter area, i.e., LOS distance (this 500 miles allows for high-altitude
aircraft). Any member of the LOS network can pass traffic (i.e., communicate) with any
member of another LOS network via the satellite network.

Access to the satellite network is controlled via a time and frequency addressing system.
The time address means that all satellite uplink transmissions are confined to designated
slots, or “satellite opportunity slots.” This is necessary to ensure that a “satellite receive”
slot is set aside and that there is no time overlap at the satellite input of multiple uplink
signals. The frequency addressing is accomplished by a terminal selecting the frequency
hopping pattern for its uplink transmission that corresponds to the satellite input frequency



dehop pattern. Thus, LOS transmissions that appear at the satellite transponder input are
out of synchronization with the transponder frequency dehop pattern and are thus not
compressed in frequency, as are the satellite access transmissions having the correct
hopping pattern. This means that the satellite transponder, although having both LOS and
satellite access signals at its input, passes only the satellite access signals. It is important to
note that the satellite access signals, although having a hopping pattern unique for satellite
access, are of the same identical modulation format as the LOS signals.

A.   Network Timing Concepts

The concept for operating a satellite JTIDS link simultaneously and in the same frequency
band as the LOS JTIDS  netowrks has led to the TDMA approach. In other words, since
JTIDS is already a TDMA system, satellite links are accommodated by merely assigning
slots as satellite access slots. The problem which arises, however, is that the round-trip
propagation time for the satellite link is approximately an order of magnitude greater than
the LOS propagation time. Consequently, if two or more terminals are separated by more
than about 700 miles, their bursts may begin to overlap at the satellite. This becomes a
crucial problem in the scenario of several disjoint networks which are operating beyond
line of sight of each other and attempting to communicate on a network-to-network basis
via the satellite.

The solution to this problem is to synchronize each LOS network timing to a common
source. The most logical source is a clock source at the satellite. What is recommended, in
practice, is that one of the LOS network control managers (LNCM) function as a master
time or clock reference and, by relaying through the satellite, in effect transfer his time to
the satellite, thus creating a “virtual satellite clock.” All other members of that LOS
network, since they are time synchronized to their own network manager by virtue of the
time-ordered TDMA nature of JTIDS, are thus also time synchronized to the satellite
virtual clock. Furthermore, all other LNCM’s receive the downlink burst time reference
from the satellite that originated with the first LNCM. This first LOS network control
manager is, by de facto, the satellite network control manager (SNCM). Once each LNCM
receives the downlink burst (time reference), it is then possible for each LNCM to adjust
the phase of his slot clock so as to be in synchronization with the virtual clock at the
satellite. Once each LNCM is in synchronization with the virtual clock, each member of
his network also is in synchronization.

Uplink clock synchronization may be accomplished via standard JTIDS network entry
procedures. In general, each terminal has a clock that allows him to determine, within the
accuracy of his clock, when to listen for special network entry messages. Reception of this
message assures the terminal that it has time to within a fraction of the 7.8125 ms time
slot. Fine synchronization is then achieved by round-trip timing messages. Once the



LNCM achieves synchronization with the virtual clock via this method or the above
method, he is able to bring the timing of the whole LOS network to correspond to the
desired satellite timing by issuing JTIDS “Net Timing Messages.”

The discussion thus far has covered the aspect of network uplink synchronization to avoid
overlap at the satellite and slot assignment for satellite traffic to avoid conflicting slot
demands between LOS multiple networks. The remaining aspect of the problem on
integrated LOS/satellite JTIDS links is that of accommodating approximately 1/4-second
satellite roundtrip propagation time without degrading the overall TDMA network
efficiency. Reference to Figure 2 will aid in the understanding of this concept.

As can be seen from Figure 2, the slot timing for the example of three networks is
staggered by a total of )T seconds to allow for the uplink propagation time, T1WDL,
differences. Thus, at T0(SAT), which is the time reference for the satellite virtual clock, the
slot transitions all line up so that, at the output of the satellite, there is a continuous serial
downlink slot stream. We see that network 3’s satellite bursts occur in slot 1 (relative slot
numbering), network 2’s satellite bursts occur in slot 3 and network 1’s satellite bursts
occur in slot 2. To the right of the reference T0(SAT) line, the downlink propagation times
T1WDL for the contiguous serial slot stream are represented. Below these are shown the
slot streams for networks 3 and 2. These slot streams are referenced to the terrestial time
in which the LOS operates. The significant points illustrated by this portion of Figure 2 are
as follows:
(1) Satellite slots arrive at the terminals approximately 34 slots after originating
(2) The satellite slots do not arrive in each LOS network at the same time
(3) The network management must reserve the satellite “reception” slots and preclude

their use as LOS slots once an uplink slot assignment has been made
(4) Since the LNCM can readily determine T1WDL to well within the 7.8 ms slot, only

one slot need be used for a downlink satellite guard time. This assumes that the
separate LOS networks are beyond line of sight of each other. If this is not the case,
an additional one or two slots guard time may have to be used.

If the network management groups together all satellite access slots (or as many as
possible), the overall frame efficiency (or, in the case of JTIDS nomenclature, cycle
efficiency) is degraded very little since only three slots, at most, of the 1536 slots in the
12-second cycle will be devoted to guard time.

B.   Net Control Concepts

The solution to the problem of passing traffic over the satellite between (or among) disjoint
LOS networks must begin with the coordination of the assignment of slots within the
JTIDS TDMA structure to satellite traffic. The conceptual procedure for accomplishing



this network management function is shown in the flow chart in Figure 3. The salient
features are that the originating terminal requests satellite capacity from the LOS network
control manager (LNCM). The LNCM then requests the capacity from the satellite
network control manager (SNCM). The SNCM assigns the transmit/receive slots and
notifies all the LNCM’s that the designated slot pairs are reserved. The LNCM’s must be
notified so they do not allow their network members to use these slot pairs for LOS traffic.
The originating LNCM notifies the originating terminal of the slot(s) he has been assigned.
This communication between network members, LNCMs and SNCM, takes place over the
satellite/LOS NET CONTROL “order wire.” In reality, this control channel is merely the
first “N” slot out of the JTIDS 12-second cycle (1536 time slots). The value of “N” can be
dynamically chosen to accommodate the number and size of the networks. The “order
wire” also provides the essential network timing and other pertinent information to the
satellite repeater.

The hierarchy of network control communication is between user terminal and LOS
network control manager (LNCM), and between LNCM and satellite network control
manager (SNCM). There is no direct control communication between user terminals and
the SNCM. Since the gateway station concept is to be avoided, it must be stressed that the
LNCM and SNCM are more functional assignments than implementation distinctions.
Thus, in order to ensure the survivability of the networks including the satellite network, it
is necessary that both the LNCM and SNCM functions can be passed off or assumed by
any number of terminals. Therefore, the hierarchy of passing off this responsibility in the
event of either the LNCM or SNCM being disabled, must be pre-established. The desired
characteristics of the LNCM may be summarized as:
(1) It can be any Class I JTIDS terminal
(2) Additional memory and computational power, however, may be required
(3) Only one LNCM per LOS network functions at a given time, but
(4) The LNCM function can be passed off to other terminals within the network
(5) Only the LNCM communicates with the SNCM.

The desired characteristics of the satellite network control manager, SNCM, may by
summarized as follows:
(1) It can be any LNCM and, since an LNCM can be any user terminal, the SNCM can

be any user terminal that is also an LNCM; however,
(2) Additional memory and computational power may be required
(3) Only one LNCM at a given time can function as SNCM, but
(4) The SNCM function can be passed off to other LNCM’s
(5) Only LNCM’s communicate (control) with the SNCM.



* These are modes of the conventional LOS JTDS.
** This SNR value has been established as the result of a baseline uplink power budget.

It should be stressed that the LNCM and SNCM functions require no additional
implementation complexity with the exception of possibly additional computational power
and memory, relative to a normal JTIDS user terminal.

JTIDS SATELLITE TRANSPONDER DESIGN CONSIDERATIONS

A.   General Considerations

In the discussion which follows, we develop a design rationale for a satellite transponder
to be used as an earth-to-earth relay of JTIDS-type signals. The trade-offs and design
considerations presented herein are motivated by the following factors:
(1) Minimization of transponder vulnerability to uplink interference
(2) Minimization of self-interference (i.e., providing good transmitter/receiver isolation)
(3) Design simplicity.

From the standpoint of the repeater design, the transmitter/receiver (T/R) isolation is as
important as the interference rejection capability. Sufficient T/R isolation can always be
obtained by using separate antennas for transmission and reception and providing
sufficient physical separation between the antennas. But such an approach is not attractive
because of antenna complexity. The pulse-like structure of the JTIDS signal, however,
suggests a possibility of time-sharing a common antenna by means of switching analogous
to the radar system T/R control. The problem then narrows down to the method used to
derive the control pulses for transmitter/receiver ON/OFF control. Ideally, the received
uplink pulses should provide sufficiently accurate information for the control of the
transponder gating. In reality, the thermal noise and uplink interference must be coped
with, however. This implies some form of signal processing other than envelope detection,
preferably, matched filter detection. Network timing considerations thus enter into the
design philosophy of the satellite transponder.

Frequency separation, either fixed or dynamic, such as frequency hopping in Mode 1*,
provides limited means for T/R isolation. It also provides interference protection for the
transponder. But in the single-frequency modes of operation, such as Modes 2, 3 and 4**,
the problem of T/R isolation reappears.

Taking all of these factors into consideration, one concludes that a signal processing
transponder equipped with a frequency dehop/rehop capability, is the most promising way
to satisfy all of the conflicting requirements. Using a baseline transponder with gross
parameters as summarized in Table 1, we consider below two potential candidate
transponders.



Table 1.  Transponder Baseline Parameter Summary (Excluding Antenna)

Peak RF Power

Frequency Range

Transponder Receiver
System Noise Temperature

Power Consumption

Weight

100 W

960 - 1215 MHz

1000E K

500 W

100 lbs

B.   Frequency Dehop/Rehop Transponder with Transmitter Gating

Because the conventional dehop/rehop transponder cannot operate with a single antenna,
due to insufficient spectral lobe suppression of the transmitted signal, one must consider
time gating as the means for providing the required transmitter/receiver isolation. Such
time gating may be implemented by utilizing both the network and the time slot
synchronization which is assumed to be available at the satellite. Specifically, if we utilize
the PN code information to remove the randomness from the 32-bit data pattern of the
basic 6.4 µs JTIDS signal pulse, we can employ matched filter processing which, in turn,
will provide the transponder with an extremely accurate timing pulse for precise
transmitter/receiver ON/OFF control. The advantages of such matched filter detection are
twofold: (1) improved accuracy of the ON/OFF control timing, and (2) interference
rejection for the time gating control circuitry of the transponder is provided.

Assuming that the PN code is synchronized at the transponder to an accuracy sufficient to
remove it, an ideal matched filter would provide about 15 dB of signal-to-noise ratio
(SNR) improvement over the unprocessed SNR of +3.6 dB** in the IF bandwidth. Using a
noncoherent detector in the matched filter will result in 2.1 dB of integration loss for PD.1.
The net SNR at the output of the matched filter is, therefore, 16.5 dB. With this SNR, a
pulse having a 0.050 µs rise time will result in an RMS timing error of 0.005 µs, or only
5 ns. This timing error is too small to degrade the quality of the signal passed by the
transponder. Thus, with a matched filter detector used for developing the
transmitter/receiver ON/OFF gating signal, the frequency dehop/rehop transponder can be
implemented with a single antenna, provided that the retransmission of the received signal
is delayed until the reception of this uplink signal is terminated.



Figure 4 shows the block diagram of a transponder having the capability of both the
frequency dehop/rehop action and the time gating. The latter provides for use of a common
transmit/ receive antenna and for a single-frequency operation.

In the normal mode, the receiver is in the “listen” mode and the transmitter is turned off.
The uplink signals are picked up by the common antenna and applied via the circulator to
the input port of the receiver. The input circuitry of the receiver includes an RF switch and
a mixer. It may also include an RF limiter and a low-noise amplifier (LNA) which, for the
sake of clarity, are not shown in the block diagram of Figure 4. The incoming signals are
downconverted to an IF frequency and applied to the synchronizer matched filter.

During the synchronization preamble, the matched filter detects each 32-bit pulse of the
16 two-pulse symbols and outputs a narrow (0.2 µs wide) synchronization pulse to the
Envelope Detector and Threshold (EDT) circuit. The EDT samples the magnitude of the
synchronizer pulse and, if it exceeds a preset threshold, generates a control signal which
turns off the receiver and turns on the transmitter. Simultaneously, the synchronized
matched filter also signals the frequency synthesizer to select the proper frequency for
upconverting each individual pulse of the synchronization preamble pulse group. Thus, as
the preamble pulses emerge from the IF delay line, the upconverter translates these pulses
to a correct RF frequency for retransmission to ground.

The transponder operation described so far pertains to retransmission of the
synchronization burst pulses only. Once the synchronization preamble is retransmitted and
the range refinement pulses are also processed in the same manner, the retransmission of
the actual data symbols is initiated. This retransmission, however, requires the removal of
the PN code from the data pulses applied to the PN despread matched filter. Consequently,
at the end of the synchronization preamble, the synchronizer matched filter supplies a
pulse which ungates the clock to the PN generator. The PN generator is thus actuated, and
it supplies an appropriate code for the remainder of the data symbols burst. The PN
generator also supplies the rehop frequency pattern utilized by the transponder. At the end
of the data symbol burst, the receiver goes back into the “listen” mode until the next
synchronization pulse is received.

In summary, the advantages of the dehop/rehop transponder with transmitter gating
determined by matched filter detection are:
(1) Interference rejection is realized in both time (matched filter detection) and

frequency (dehop/rehop) domains.
(2) Common, single antenna can be utilized for transmission and reception by time-

sharing.
(3) Time-gated operation permits transponder operation in a single frequency mode, i.e.,

same transmit frequency as receive.



On the other hand, the disadvantages of this approach are:
(1) The transponded signals, both synchronization and data, are not reprocessed, but

simply retransmitted.
(2) Each pulse of the synchronization group is processed based only on 32 bits before

retransmission.

The latter limitation, in particular, may decrease the effectiveness of such a transponder to
retransmit the synchronization bursts on the downlink if there is considerable interference
on the uplink during the synchronization preamble.

C.   Demodulating/Remodulating Transponder

One should now consider the advantages to be gained from full reprocessing of both the
synchronization preamble pulses and the data pulses. Such reprocessing appears feasible
once the aforementioned PN synchronization is obtained to the accuracy required for
reprocessing. It therefore appears that, with the addition of some components, the
frequency dehop/rehop satellite with signal delay and time gating can be converted into a
reprocessing satellite. The degree of reprocessing required for satisfactory operation
consistent with minimal onboard equipment complexity has to be considered.

Figure 5 shows the block diagram of a demodulating/remodulating transponder. The main
differences between this configuration and the one shown in Figure 4 are:
(1) The data is recovered by the matched filter (after PN removal) and retransmitted by

modulation of the transmitter drive signal.
(2) Synchronization bursts are transmitted using a stored and known pattern rather than

being retransmitted unprocessed on a pulse-by-pulse basis.
(3) The timing of the transmissions is centered around the time slot pattern rather than

the pulse-pair pattern of the unprocessed retransmissions.

The operation cycle of the transponder begins with the transmitter being turned off and the
receiver being in the “listen” mode. The first uplink information to arrive at the satellite
receiver is the synchronization preamble. This preamble is decoded by the synchronization
detector matched filter. The result of this decoding is a synchronization pulse which
initiates the action of the PN coder. This pulse also supplies timing information to the
master timing unit (MTU).

The initiation of the PN coder action permits the recovery of the data signals which follow
the preamble synchronization burst. Thus, a range refinement is performed on the
synchronization refine pulses and, subsequently, the data information is recovered by the
data matched filter. This data is stored in the data buffer for subsequent retransmission.



The PN coder, once actuated, also supplies the dehop and rehop codes to the frequency
synthesizer. The latter supplies the local oscillator signals (frequency hooped) to the
receiver mixer and the transmit upconverter. The modulation of the upconverter frequency
is delayed however, until all of the data pulses have been received and stored in the data
buffer.

Upon completion of the data reception, the receiver is turned off and the transmit cycle is
initiated. The first part of this cycle consists of retransmitting the synchronization pattern
of the signal just received. Because this pattern is known (one has to know it to receive the
synchronization pulse), it is read out of the synchronization pattern buffer and applied to
the transmitter modulator. The latter, in turn, generates the required synchronization burst
pattern and supplies it to the antenna.

After completing the retransmission of the synchronization pattern, the master timing unit
initiates the transmission of the data symbols received during the data portion of the time
slot. The data pulses, in addition to being recombined with the PN code, are also hopped
in frequency upon retransmission.

The new frequency hop pattern is determined by the network control signals. The
commands from the network control are also supplied to the synchronization matched filter
and the frequency synthesizer. The information from the network control is used for
adapting the various subunits to the predetermined pattern of operation.

Thus, it appears that, at the expense of a few additional subunits, a full demod/remod
capability can be provided for the satellite repeater. This configuration is, therefore, the
preferred candidate over the simplified version shown in Figure 4.

CONCLUSIONS

A viable network concept has been developed for extending the range of JTIDS via a
synchronous communication satellite. A satellite transponder design which allows
retention and signaling format have been developed. The JTIDS performance has been
retained with negligible impact on the LOS network capacity.



Figure 1.  JTIDS Integrated LOS/Satellite Network Elements

Figure 2.  Relationship Between Uplink/Downlink, and LOS Slot Timing



Figure 3.  Conceptual Flow Chart for Assignment of JTIDS TDMA Slots
to Satellite (Internet) Traffic



Figure 4.  Dehop-Rehop Transponder with Time Delay and Gating
for Added Isolation

Figure 5.  Functional Block Diagram of a Demodulating/Remodulating
Transponder


