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(57) Abstract |

A TDMA system (11) is provided 8 ‘
using a programmable, fixed—period frame
structure for communication between net-
work terminals (6, 10). All bursts are timed
with respect to this programmable periodic
frame. Each terminal (6, 10) uses its local
clock to generate a transmit frame period and
a receive frame period. According to the
invention an Acquisition and Synchroniza-
tion procedure is provided to align the start
of transmit frame period and start of receive
frame period at each terminal in such a way
| that if a burst is transmitted by any termi-
nal at offset x after a local start of transmit
frame period, then all terminals receive that
‘ burst at position y after their local start of CARRIERS

11

receive frame periods, where Yy-xY is less
than a small threshold value. In addition, a
number of different types of bursts are used

for communication between terminals. The
| various types of bursts are programmable.
In other words, the parameters defining the
bursts, such as length, frequency, and loca- _
tion within a frame may be dynamically as- 1
signed by the network based on monitored
l network conditions.
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METHOD FOR
ACQUISITION AND SYNCHRONIZATION OF TERMINALS
IN A SATELLITE/WIRELESS TDMA SYSTEM

BACKGROUND
The present invention relates generally to communications systems and in
particular to a technique to perform TDMA timing in a satellite, terrestrial wireless, and cable

based systems.

Time Division Multiple Access (TDMA) 1s one of several techniques used to
design distributed satellite, wireless, and cable based systems. A TDMA system provides a
single communication channel that 1s efficiently shared among multiple geographically
distributed communication terminals. In such a system, different terminals share a channel’s
bandwidth by transmitting on the channel with precisely timed short bursts of data. Because
the timing for the bursts must be precise, the TDMA system provides each terminal with a
very accurate time base. The time base is used to precisely time the terminal’s transmissions
into the channel so that the burst transmissions from different terminals do not overlap 1n

time.

Each of the terminals must acquire the system timing so that the terminal can
become synchronized with the other terminals within the overall system. However, acquiring
a lock to the system timing is difficult and can be lengthy. Furthermore, most systems have a
large guard time which allow for uncertainty in timing among the different terminals. A

large guard time is undesirable because of the resulting loss of usable bandwidth.

The problem of providing accurate timing 1s made difficult by a number of
factors. First, different stations or terminals have different amounts of propagation delay
between terminals. Second, the delay between terminals changes with time as the distance

traversed by the transmission terminals changes. For example, in geo-synchronous satellite



10

15

20

25

30

CA 02275406 1999-06-17

WO 99/21295 PCT/US98/22053

systems, the delay can be caused by imperfections in satellite orbit. In non-geo-synchronous
satellite systems, the delay can be caused by the nature of the satellite orbit. In mobile satellite
or terrestrial wireless systems the delay may be caused by the movement of the terminals.
Finally, as terminals use a local clock to derive TDMA timing, inaccuracies and variations In
the local clock can also cause TDMA timing to drift with the passage of time.

In addition, conventional satellite systems communicate on bursts within the frames
which have preallocated parameters such as length, frequencies, and the location of the burst
within a frame. These parameters are typically fixed at the terminals, and although they can be
changed from time to time, they may not be dynamically allocated or reprogrammed, on the
fly, by the network controller. Asa result. the network system is rigid and not able to adapt to
real-time changes in demand for bandwidth. Therefore, system resources are wasted due to the

fixed or pre-established nature of the network architecture.

SUMMARY

It is therefore an object of the invention to provide an improved acquisition
and synchronization of all terminals in time, so that bursts transmitted by different terminals do
not overlap in time, and that a burst transmitted by one terminal arrives at the appropriate time
at the receiving terminal.

It is another object of the invention to enable bursts to be positioned close to
one another (within a few microseconds) and assure that bursts from different terminals do not
overlap in time. As a result, satellite delay variations of several milliseconds should be
accommodated according to the invention.

It is yet another object of the invention to allow terminals to adjust their timing
in a short period of time after they are turned on.

It is a further object of the invention to allow terminals to join the network
without adversely impacting terminals that are actively carrying traffic in the network.

According to an exemplary embodiment of the invention a satellite or wireless
based TDMA system uses a programmable, fixed-period frame structure. All bursts are timed

with respect to this programmable periodic frame. Each termunal uses its local clock to

generate a transmit frame period and a receive frame period. The start of a transmit frame

period is known as Start of Transmit Frame. The start of a receive frame period 1s known as

umaa _ma s B Al o B d o
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Start of Receive Frame. According to the invention, an Acquisition and Synchromzation
procedure is provided to align the start of transmit frame and start of receive frame at each
terminal in such a way that if a burst is transmitted by any terminal at offset x after a local start
of receive frame of the terminal, then all terminals receive that burst at position y after their
local SORFs, where |y - x| is less than a small threshold value, for example, 5 microseconds.

In addition, the invention uses a number of bursts for communication between
terminals. According to an embodiment of the invention, the various bursts are programmable.
In other words, the parameters defining the bursts, such as length, frequency, and location
within a frame may be reprogrammed by the network through communication with the
terminals. As a result, the parameter may be dynamically allocated based on monitored
network conditions. A number of different bursts are. used for network communications.
Reference Bursts are transmitted by reference terminals and are received by all traffic
terminals. The Reference Bursts carry network management messages from the network
command controller or reference terminal to all other terminals. Reference Bursts are also used
by all receiving terminals to derive frame timing. Signaling bursts are transmitted by traffic
terminals and received by the reference terminal. Signaling Bursts are used carry network
management messages from the terminals to the network command controller or reference
terminal. Traffic bursts are used to carry user traffic. Traffic Bursts are transmitted by traffic
terminals and reference terminals and received by the traffic terminals and reference terminals.
Acquisition bursts are used during transmit acquisition of traffic terminals. Acquisition Bursts
are transmitted by traffic terminals and received by a reference terminal. Control bursts are
used to maintain a traffic terminal transnit synchronization. Control Bursts are transmitted by
traffic terminals and received by a reference terminal.

According to the present invention, the system is able to handle global, spot,
and mixed mode beam configurations. In addition, the system is able to handle multiple spot
beams, large numbers of terminals, multiple carriers, and muitiple reference bursts.
Furthermore, the procedures are simple, uniform, and robust and do not require special purpose
hardware support. The system according the exemplary embodiments of the invention can also
handle large doppler and local clock variations. As a result, the system is suitable for large

delay satellite networks, as well as, low to medium delay terrestrial wireless and cable

networks.
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The system according to the present invention also provides that all parameters
are programmable making it easy to modify and optimize communications for specific
networks and real time condition. Procedures are controlled using message exchanges which
are not hard assigned to specific frames. This considerably simplifies the implementation of
this scheme. Furthermore, the receive acquisition algorithm, according to the various
described embodiments of the invention, uses a fixed size aperture which can be stepped in a
controlled fashion thereby reducing the probability of false detection of a unique word 1n the
communication burst as the search or track process progresses. In marked contrast, prior
techniques depended on pure chance for detection of the right unique word.

According to the exemplary embodiments of the invention, the procedure
facilitates a very simple method for reference station switchover. Traffic terminals look at only
2 reference burst irrespective of which reference station it 1s transmitted by (1f there are
multiple reference stations for redundancy), which simplifies the traffic terminal procedure.
Receive and Transmit corrections are smooth and orderly both during acquisition and
synchronization. The correction information can be used to accurately measure the round trip
time to the satellite, the Doppler, and clock inaccuracy. Terminals can be acquired in a live
network, without disruption of existing traffic and without human intervention. The system

also requires very small bandwidth overhead. Additionally, a fail safe procedure 1s provided

whereby terminals automatically stop transmitting if sync 1s lost.

BRIEF DESCRIPTION OF THE DRAWINGS:

The foregoing and other features, objects, and advantages of the invention
will be better understood by reading the following description in conjunction with the
drawings, in which:

FIG. 1 shows an exemplary system configuration 1n a global beam mode

according to an embodiment of the invention;

FIGS. 2 show an exemplary system configuration in a spot beam mode

according to an embodiment of the invention;

FIG. 3 shows exemplary multiple reference bursts according to an

embodiment of the invention;
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FIG. 4 shows an exemplary TDMA frame structure according to an
embodiment of the invention; and

FIG. 5 shows exemplary Dn relationships according to an embodiment of the
invention.

DETAILED DESCRIPTION:

The various features of the invention will now be described with respect to

the figures, in which hike parts are 1dentified with the same reference characters.

The TDMA Network Architecture

Tuming to the exemplary embodiments shown in Figs. 1 and 2, a TDMA
network architecture is illustrated. The network consists of a Network Control Center (NCC) 7
and TDMA terminals. The NCC 7 performs overall management and control of the network
and does not carry user traffic. Terminals are connected to user telecommunications equipment
and communicate with one another using wireless transmissions via the satellite. Some of the
terminals in the network act as a source of timing for all other terminals. These are called
reference terminals. All other terminals are called traffic terminals for example, terminals 6,
10, and 14.

The Master Reference Terminal (MRT) 9 acts as the primary source of timing
for the entire network. For redundancy purposes, there may be an alternate master (AMRT)
(not shown), which assumes the role of the MRT 9 if the MRT 9 fails. For networks which
work in a spot-beam mode, as shown in FIG. 2, where the MRT 9 does not receive its own
transmissions, a secondary reference terminal (SRT) 13 may be used. In this case the SRT 13
acts as a source of timing for all terminals in the same beam as the MRT 9 and the MRT 9 acts
as a source of timing for all other terminals. There may also be an alternate secondary
reference terminal (ASRT) (not shown) which assumes the role of the SRT 13 if the SRT 13
fails. The NCC may connect to the MRT 9 and the AMRT through a LAN mterface 15. One
skilled in the art will appreciate the NCC may be located with the MRT or at a remote location.

According to one embodiment a SUN™ workstation may be used to implement the NCC.
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The TDMA Frame and Burst Structure

According to an embodiment of the invention as shown in Fig. 3, the satellite or
wireless based TDMA system uses a programmable, fixed-period frame structure. All bursts
are timed with respect to this periodic frame. Each terminal uses its local clock to generate a
5 transmit frame period and a receive frame period. The start of a transmit frame period is
defined as Start of Transmit Frame (SOTF). The start of a receive frame period is defined as
Start of Receive Frame (SORF).
Each frame contains a series of bursts. A burst is a series of data bits
transmitted by one terminal and received by one or more terminals. According to this method,
10 there 1s a mmmum dead-time between bursts which 1s defined as the guard time. The guard
time allows for an amount of uncertainty in timing among the different terminals. In
conventional systems the guard time is large and usually allocated in advance and is based on a
worst case scenario for communications to ensure that signals transmitted on the bursts can be
detected and not lost. However, a large guard time is undesirable because it results in loss of
15 usable channel bandwidth. For example, for a geo-synchronous satellite with terminal-to-
satellite delay variations of plus or minus 3 milliseconds per day, due to orbit imperfections, a
guard-time of 12 milliseconds would be required to ensure that bursts do not overlap due to
change in satellite delay. The present invention reduces this guard time to a few microseconds
and as a result increases usable bandwidth through use of communication bursts as described
20 below.
Bursts are classified into the following categories based on function. Reference
Bursts (RB) are transmitted by reference terminals and are received by all traffic terminals.
They carry network management messages from the NCC or reference terminals to all other
terminals. RBs are also used by all receiving terminals to derive frame timing. Signaling
25 bursts (SB) are transmitted by traffic terminals and received by the reference terminal. SBs are
used carry network management messages from the terminals to the NCC or reference
terminal. Traffic bursts (TB) are used to carry user traffic. TBs are transmitted by traffic
terminals and reference terminals and received by the traffic terminals and reference terminals.
Acquisition bursts (ABs) are used during transmit acquisition of traffic terminals. ABs are

30 transmitted by traffic terminals and received by a reference terminals. Control bursts (CB) are
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used by the system to maintain a traffic terminal transmit synchromzation. CBs are transmitted
by traffic terminals and received by reference terminals.

According to the invention all bursts that are used for network management and
control (RB, SB, CB, AB) have a uniform but programmable format. The network
management bursts contain packets for control purposes. In addition, RBs also contain a frame
ID. According to this exemplary embodiment the frame ID is a 16-bit number that 1s
rcremented for each frame. An important feature according to the present invention 1s that
various bursts are all programmable by the system. In other words, unlike prior systems the
parameters associated with bursts, such as length, frequency, and location within a frame, may
be varied dynamically with changing system conditions. Because the parameters are not fixed
for the various management bursts as In prior systems, the system according to the present
invention may use available, prevailing system conditions, such as bandwidth, more
efficiently.

A1l terminals in the network are synchronized so that the start of transmit frame
stants coincide at the satellite. This is accomplished through use of an acquisition and
synchronization procedure as is explained in further detail below. According to this
embodiment, every terminal has a transmit burst time plan which defines all the bursts
currently being transmitted by the terminal. Similarly, each terminal also has a receive burst
time plan which includes all the bursts being received by the terminal. According to this
embodiment bursts may be added or deleted at any time through use of the command bursts
received at the terminal from the network controller. As a result, there is no requirement for
the creation of time slots in which the bursts must be contained or fixed parameters to be
associated with a burst.

A group of traffic terminals that can be addressed together as a muiticast group
is called a control group. Alternatively, terminals may also be partitioned into control groups
for accessibility. The reference terminal transmits one RB to each control group. In this
embodiment the RBs are on different carriers at different frequencies. As a result, the RBs are
staggered in time since they cannot overlap in time at the reference station. However, the
SOTF instant is identical across all carriers as show in Fig. 3. Unlike other prior TDMA
systems, according to the present invention an RB can be located anywhere within a frame.

A burst consists of a preamble portion, a data portion, and a postamble portion.
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" The preamble consists of a Carrier Bit Timing Recovery (CBTR) part and a unique word (UW)

part. The preamble is used by the termimals to detect and synchronize to incoming bursts and
allows the terminals to lock to the burst through identification of the UW . Each terminal has a
two unique words saved in its memory. A first UW is used for reference bursts and a second
UW is used for all other bursts. The words are global to the whole system and may be changed
through communication with the NCC. According to the present invention the UWs should be
chosen such that they appear to be random. In addition, the UWs should be different and as
dissimilar to each other as possible in order to prevent-a terminal from locking onto the wrong

UW. Two Uws are used because during acquisitien a terminal only needs to look for the

| reference burst and not for a traffic burst. This is an important feature of the invention because

when a terminal is in the process of acquisition, other terminals in the network may be up and :
carrying traffic and the process acquisition should not mnterfere with normal network activity.
Whﬂe a termmal is attempting to receive a burst, it compares what it identifies
as the UW in the incoming burst with the UW stored in the terminal's memory. If the words
maftch, then the UW 1s said to have been detected Accordmg to this embodu'nent of the

invention, the maximum number of mismatches that may be tolerated in declanng a UW detect

is called the UW error threshold. At least two UW etror thresholds are used according to the

invention based on whether the terminal is operating during acquisition or normal operation.

Durm g aequisition it is important to be extremely sure that the terminal has actually locked to
the right réference burst and not noise. Furthermore, during acqui sm on a terminal is searchmg
for the reference burst in a much wider aperture and therefore is more susceptlble to locking to
unwanted noise. As a result, a smaller UW error threshold is needed in this case. On the other
hand, during normal opemtioﬂ the burst will arrive in a much tighter aperture. In this case, a

larger UW error threshold can be tolerated. |

An aperture is a window of time in which a terminal looks for a burst. The
aperture size is CBTR Size + UW Size + Guard ‘Ti.me. Dunng normal operation a small guard
time 1s desirable because acquisition has been established. If the guard time is small more
bursts may be packed as closely together resulting in a more efficient utilization of available
bandwidth since more bursts may used. According to this embodiment, an aperture with a

~ small guard time _is referred to as a TRACK aperture. During receive acquisition a wider

aperture is used so that the reference burst. can be quickly located. For this wider window a
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large guard time (close to the TDMA frame time) ts used. Such an aperture with a large guard
time 1s referred to as a SEARCH aperture. The apertures are described in further detail with

regard to acquisition and synchronization.

Turning to Figure 4 an exemplary structure of a frame is shown according to

one embodiment of the invention. As shown in Fig. 4, a transmitting terminal transmits burst
at frame position = BurstOffset. A receiving terminal receives a burst at frame position =
BurstOffset +¢ where ¢ = the UWOffset Error which 1s the time of amval error. G =
Guardtime of the received burst. It should be noted that the preceding and following bursts
may have different guard time values. CBTRLen = Length of the CBTR sequence in symbols.

UWLen = Length of the unique word in symbols. RxAperture Start = BurstOffset -
GuardTime/2. RxApertureLen = CBTRLen + UWLen + GuardTime. UW Offset 1s measured

from the start of the aperture. Expected UW offset = G/2 + CBTRLen + UWLen.

During network acquisition and synchronization the following procedures are
used: Master Reference Terminal (MRT) Transmit procedure; Receive Acquisition and
Synchronization procedure (for both reference and traffic terminals); Secondary Reference
Terminal (SRT) Transmit procedure; and Traffic Terminal (TT) Transmit procedure. These

procedures are described in detail below.

Master Reference Terminal (MRT) Transmit Procedure

When the MRT is down, which includes network startup, the NCC sends a
command to the MRT to start its transmit procedure. Upon receiving the command to start its
transmit procedure, the MRT starts its transmit frame timing at some arbitrary pomt 1n time.
This frame time is derived using the local MRT clock and is never re-adjusted. The MRT
should have a stable clock, for example, a 109p|pm or better may be used according to this
embodiment of the invention. The reference burst is then transmitted every frame 1n its correct
position. The reference burst contains a frame ID which is set to 0 at network startup and
incremented thereafter on every frame. The MRT will stay 1n transmit sync as long as the
MRT continues to get a “Continue MRT transmit procedure” command from the NCC. If
these commands stop then the MRT times out and stops its transmission. If there are multiple

reference bursts, the MRT transmits all of them while in transmit sync as illustrated in Fig. 3.
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Receive Acquisition and Synchronization Procedure

All terminals, including the RTs, perform this procedure on startup. In order to
perform receive acquisition, the terminal needs to have the definition of its reference burst,
which includes its position in the TDMA frame, frequency, coding, data size, parameters, €tc.

The terminal starts its receive frame timing at some arbitrary point in time and
starts generating SORFs. The terminal then looks for the reference burst in its receive frame
with the SEARCH aperture. In this case, the UW error threshold is set to a small value and the
hardware is programmed to look for the reference burst UW. According to this exemplary
embodiment a UW error threshold of zero may be used.

While the terminal is in the search mode, if the UW is not detected for N
frames, the start of receive frame and therefore the start of SEARCH aperture is advanced by a
fraction of the frame time and the search is then repeated According to one preferred
embodiment the frame time is advanced by 20% for each iteration. On the other hand, if the
UW is detected, the terminal then enters a confirm mode during which the terminal verifies
that it has locked to the right reference burst. According to this embodiment, the terminal no
longer looks for the RB with the SEARCH aperture. The terminal adjusts 1ts SORF so that the
expected UW position matches the measured UW position. Finally, the terminal again looks
for the RB, however, this time 1t uses the TRACK aperture. The TRACK aperture 1s
positioned at the expected UW position of the reference burst. The terminal then verifies the
following:

(1) the UW is detected 1n the track aperture;

(2) the data in the burst is being received without any errors (for example, using
the Reed-Solomon Check bits, or a CRC check, or some other means of error detection); and

(3) the frame number received in the reference burst increments every frame.

If any of the above three conditions fail, the terminal concludes that the expected UW was
falsely detected and adjusts the start of receive frame so that the aperture begins after the false
detect and then restarts the acquisition procedure. By starting the new aperture just beyond the
falsely detected UW, the terminal steps over the false UW and thereby reduces the chance of

finding the false UW again.
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If the UW is detected in the confirm mode, the terminal adds all other bursts in
its receive burst time plan (BTP) to its receive frame. The terminal’s receive frame 1D (RFID)

is then set to the value received in the reference burst and the terminal 1s now in receive

synchronization. The RFID will be incremented every frame while the terminal is in

synchronization.

While the terminal is in receive synchronization, the terminal measures the UW
offset for the reference burst. When the UW exceeds a threshold, the terminal then adjusts the
SORF so that the measured offset matches the expected offset. According to this exemplary
embodiment, the threshold is a small fraction of the guard time for example 10%. At this time
the UW error threshold can be set to the higher value. The frame ID received in the reference
burst is then checked against the local RFID. If the RFID does not match, or if no reference
burst is correctly received for T seconds, the terminal loses receive synchronization and starts
the procedure all over again. According to this embodiment the RFID may be placed at the

beginning of the reference burst.

Secondary Reference Terminal (SRT) Transmit procedure

According to another embodiment of the invention, when the SRT 1s down
(which includes network startup), once the MRT transmit procedure is operational, the NCC
periodically sends a command to the SRT to start its transmit procedure. The command 1s
transmitted as a message in the reference burst. When the SRT attains receive synchronization,
the SRT receives this command and starts 1ts transmit procedure.

According to this procedure, the SRT starts its transmit frame at an offset d
with respect to its receive frame and sets a local counter called the transmit frame ID (TFID).

The TFID is incremented every transmit frame and is sent in the reference burst transmitted by

the SRT. The values for d and the TFID are computed as follows.
Da is an estimate of the round trip delay from the SRT to satellite. This delay

can be estimated from the positions (latitude, longitude, and altitude) of the terminal and
satellite. In the following equations k 1s an integer, Da and Frame Time are in the same umts
(e.g., milliseconds).

If (Da mod Frame Time) %0 then

k = [Da/ Frame Time] + 1
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d =k * Frame Time - Da
clse

k =[Da/ Frame Time]

d=0
endif

TFID =RFID +k + 1

Once the transmit frame has been started the SRT is in transmit synchronization.
While in transmit synchronization the SRT attempts to keep its Da fixed by adjusting the start
of its transmit frame (SOTF) as follows.

| Compute Dn as follows (where d is the measured offset between SORF and SORT at

the SRT):

DnO = (TFID - RFID) * Frame Time - d

Dn 1 =DnO - Frame Time

Dn2 = DnO + Frame Time

Dn = Select from DnO, Dnl, and Dn2 the value which is closest to Da

if Dn-Da>0 then

Delay the SOTF by Dn - Da

else

Advance the SOTF by Dn - Da
Turning to the exemplary embodiment shown in Fig. 5, various Dn relationships are illustrated.

As shown in Fig. 5 Tf is the frame time.

The SRT stays in transmit synchronization as long as the SRT continues to get

a “Keep SRT transmit procedure going” command from the NCC. When these commands

stop, the SRT transmit procedure times out and stops transmission. While in transmut

synchronization, the SRT also transmits one or more RBs.

Traffic Terminal (TT) Transmit Procedure

The traffic terminal transmit procedure starts off under NCC control after the
terminal has attained receive synchronization. In order to obtain transmit acquisition, special
bursts called acquisition bursts (AB) are used. The ABs are transmitted by the traffic terminal

that is being transmit acquired and received by the reference station. The ABs have a relatively
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large guard time (e.g., on the order of millisecs). One skilled in the art will appreciate that the
exact guard time required depends on the satellite station keeping the accuracy of the current
position of the satellite and the position of the traffic terminal. As these positions are better
defined the guard time required decreases.

According to this embodiment of the invention, the NCC has a pool of Abs that
may be used by the traffic terminals. In order to transmit acquire a traffic terminal the NCC
picks a free AB from the pool and sends an ACQCMD message to the traffic terminal. The
ACQCMD message contains the definition of the AB to be used by the traffic terminal
including its location within the frame, size, frequency, etc. Until this command 1s received,
the traffic terminal does not transmit. However, upon receiving the ACQCMD, the trathic
terminal starts its transmit frame at offset d with respect to its receive frame and sets its imtial
TFID as follows.

According to this embodiment Da is an estimate of the round trip delay from
the traffic terminal to the satellite. The delay can be estimated from the positions (latitude,
longitude, and altitude) of the terminal and satellite. As represented in the computation below
k is an integer, Da, and Frame Time are in the same units (e.g., milliseconds).

if (Da mod Frame Time) = 0 then

k=Da/FrameTime+ 1
d =k * Frame Time - Da
else
k = Da/ Frame Time
=0
end 1f
TFID =RFID +k + 1

The traffic terminal then transmits N responses in N successive frames. The
responses are defined as ACQRESP. Each ACQRESP contains the traffic terminal’s ID, 1ts
TFID, and its current Dn estimate. The TFID is incremented every transmit frame. However,
it should be noted that the AB is transmitted only when the ACQRESPs are being sent. After
transmitting these responses the traffic terminal starts a timer and waits for a synchronization
command (SYNCCMD) from the NCC. When the reference terminal receives the ACQRESPs

from a traffic terminal, the reference terminal forwards them to the NCC along with the error m
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UW offset. When the NCC receives a ACQRESP it sends a UW error and TFID correction to
the traffic terminal in a SYNCCMD.

When the SYNCCMD is received by the traffic terminal, the traffic terminal
applies the UW error correction to its SOTF. The traffic terminal also applies the TFID
correction to its TFID and then enters transmit synchronization. At this time the traffic
terminal adds all bursts in its transmit burst time plan to 1its transmit frame. This includes a
control burst which is used to maintain transmit synchronization. If the SYNCCMD 1is not
received and the timer expires at the traffic terminal, the traffic terminal stops its transmit
frame and waits for an ACQCMD from the NCC.

According to this embodiment of the invention the AB does not have to be
assigned to the traffic terminal for the entire round trip time required to issue an ACQCMD
and send a response back. In contrast, the AB just has to be reserved for those frames when the
traffic terminal is expected to send ACQRESP messages. As a result, pipelining of the traffic
terminals is allowed which in turn helps to reduce network acquisition time after a network
crash, for example.

Once in transmit synchronization, the traffic terminal transmits a control burst
(CB) in order to maintain synchronization. A CB is transmitted once every C frames which 1s
defined as a control frame. The size of the control frame or C is selected based on the drift in
time caused by satellite motion. In order to prevent drifting in time during communication,
that will cause the terminal to lose its synchronization, a CB 1s sent to the NCC and back in
order to make the necessary correction in timing. According to a preferred embodiment of the
invention, C is picked such that the traffic terminal has not drifted in time more than 5
microseconds. However, one skilled in the art will appreciate that this time will depend on the
type of network and satellites used and therefore may be adjusted accordingly.

The control burst contains a message containing the terminal’s ID, its current
Dn estimate, and the TFID. The reference terminal upon receiving the CB message, measures
the UW offset error and the difference between the TFID in the message and the local RFID of
the reference station. The reference terminal then sends a response back to the traffic terminal
with a timing correction and a TFID correction. The original message is sent to the NCC along
with the UW offset error and the TFID error. This allows the NCC to determine if a terminal 1s

up in addition to the terminal’s current Dn estimate. Upon receiving the response, if a round
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trip time has expired since the last time the traffic terminal applied a correction to its transmit
frame, the traffic terminal applies the new timing correction to its transmit frame. The TFID
should never have to be corrected; however, if this happens the terminal loses transmit
synchronization. Furthermore, If n responses from the reference terminal are lost, the terminal
also loses transmit synchronization. When transmit sync i1s lost the terminal disables

transmission of all bursts and waits for the next ACQCMD.

One skilled in the art will appreciate that the procedures described above can be

imp]ément in software in the network command control, reference terminals, and traffic
terminals, respectively.

According to the present invention, the system 1s able to handle global, spot,
and mixed mode beam configurations. In addition, the system 1s able to handle multiple spot
beams, large numbers of terminals, multiple carriers, and multiple reference bursts.
Furthermore, the procedures are simple, uniform, and robust and do not require sp ecial purpose
hardware support. The system according the exemplary embodiments of the invention can also
handle large doppler and local clock variations. As a result the system is suitable for large
delay satellite networks as well as low to medium delay terrestrial wireless and cable networks.

The system according to the present invention also provides that all parameters
are programmable making 1t ea;;y to modify and optimize bursts, timing and communication
between terminals for specific networks. Procedures are controlled using message exchanges
which are not hard assigned to specific frames. This considerably simplifies the
implementation of this scheme according to the invention. Furthermore, the receive
acquisition algorithm, according to the various described embodiments of the mnvention, uses a
fixed size aperture which can be stepped In a controlled fashion thereby reducing the
probability of false detects as the algorithm progresses. In marked contrast, prior techniques
depended on pure chance for detection of the right unique word.

According to the exemplary embodiments of the invention, the procedure
facilitates a very simple method for reference station switchover. Traffic terminals look at only
a reference burst irrespective of which reference station it is transmitted by (if there are
multiple reference stations for redundancy), which simplifies the traffic terminal procedure.
Receive and Transmit corrections are smooth and orderly both during acquisition and

synchronization. The correction information can be used to accurately measure the round trip
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time to the satellite, the Doppler and clock inaccuracy. Finally, terminals can be acquired in a
live network, without disruption of existing traffic and without human intervention. The
system also requires very small bandwidth overhead. Additionally, a fail safe procedure is
provided whereby terminals automatically stop transmitting if synchronization is lost.

5 The present invention has been described by way of example, and
modifications and variations of the exemplary embodiments will suggest themselves to
skilled artisans in this field without departing from the spirit of the invention. The preferred
embodiments are merely 1llustrative and should not be considered restrictive in any way.
The scope of the invention is to be measured by the appended claims, rather than the

10 ﬁreceding description, and all variations and equivalents which fall within the range of the

claims are intended to be embraced therein.
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WHAT IS CLAIMED IS:

1. A time division multiple access wireless communications network having a

fixed programmable transmission frame comprising:

a communications terminal for communicating signals on bursts within the
transmission frame, said terminal comprising burst time plan means for dynamically
storing transmit and receive time plans having burst time plan information and for

communicating signals on bursts based upon said time plan information;

a network command controller for coordinating communications by said
communication terminal, said network command controller being operative to
maintain said transmit and receive time plans and further comprising means for
dynamically changing the values of parameters of said bursts in satd burst time plan

means; and

a reference terminal connected to said network command controller for
transmitting and receiving said signals on said bursts, wherein said bursts have

parameters which may be dynamically changed by said network command controller.

2. The network of claim 1, wherein said parameters may be changed

substantially in real time.

3. The network of claim 2, wherein said parameters include one of length,

frequency, or location within a frame.

4. A time division multiple access wireless communications network having a

fixed programmable transmission frame comprising:

a communications terminal for communicating signals on bursts within the

transmission frame;

a network command controller for coordinating communications by said

communication terminal; and

a reference terminal connected to said network command controller for

transmitting and receiving said signals on said bursts, wherein said bursts have
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parameters which may be dynamically changed by said network command controller,

wherein

said reference terminal transmits a reference burst to said communications
terminal and said reference burst 1s used to derive network timing at said
communications terminal and said reference burst may be located anywhere within

the transmission frame.

5. The network of claim 4, wherein the frame is a programmable, fixed period
frame.
6. The network of claim 4, wherein said communications terminal includes a

local clock and generates a transmit frame period and receive frame period 1n

response to said reference burst.
7. The network of claim 4 further comprising:

a plurality of communications terminals, wherein said plurality of terminals
are partitioned into control groups and said reference terminal transmits a separate
reference burst to each control group, each said separate reference burst being
transmitted on different carriers at a different frequency and not overlapping in time

with each other.

8.  The network of claim 7, wherein said plurality of terminals include a local
clock and generate a start of transmit frame period and receive of transmit frame

period 1n response to said reference burst and said start of transmit frame period is

identical across said different carriers.

9. The network of claim 4, wherein said communications terminal determines a

window of time in which to look for a burst.

10.  The network of claim 9, wherein said communications terminal generates a
search window having a first guard time when said terminal is acquiring
synchronization to said network system and generates a track window having a

second guard time that 1s smaller that said first guard time once synchronization is

acquired.
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11. The network of claim 9, wherein said reference burst a includes a unique word
portion and said communication terminal searches for said unique word 1n said
window and detects said unique word 1f a unique word stored at said communication

terminal matches unique word found in said window.

12. The network of claim 11, wherein the maximum number of mismatches
-allowed for detecting a unique word 1s set as a first threshold or a second threshold
and said first threshold 1s used during acquisition of system timing, said second
threshold 1s used after acquisition has been established, where said first threshold is

smaller than said second threshold.

13. The network of claim 4, wherein the network uses first and second unique

words, and said first unique word is used in a reference burst and said second unique

word 1s used 1n all other bursts.

14. The network of claim 1, wherein said bursts include a reference burst
transmitted by said reference terminal and are received by said communications
terminal carrying network management messages from said network command

controller and are also used by all receiving terminals to derive frame timing.

15. The network of claim 1, wherein said bursts include a signaling burst
transmitted by said communications terminal and are used to carry network

management messages from the communications terminal to said network command

controller or said reference terminal.

16. The network of claim 1, wherein said bursts include a traffic burst which are
transmitted by said communications terminal and reference terminal and received by

sald communications terminal and reference terminal and carry traffic data.

1'7. The network of claim 1, wherein said bursts include an acquisition burst used
during transmit acquisition of communications terminal, said acquisition burst being

transmitted by said communications terminal and received by said reference terminal.

18. - The network of claim 1, wherein said bursts include a control burst which

maintains a traffic terminal transmit synchronization.
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19. A method for synchronization of a terminal in a TDMA communications

system, comprising the steps of:
generating a receive frame time at an arbitrary point in time;
generating a search aperture;

searching for a reference burst within said receive frame using said search

aperture;

at said terminal generating a transmit frame period and receive frame period
based on finding said reference burst within said search aperture, maintaining a
transmit burst plan and a receive burst plan, and adding all other bursts 1n said

terminal's receive burst time plan to said receive frame, and

varying the content of said transmit burst plan and receive burst plan under

central network control.

20. The method of claim 19 wherein the step of searching for said reference burst

further comprises the steps of:
searching for a unique word within said receive frame; and

advancing said search aperture by a fraction of the frame time if said unique

word 1s not found and repeating said search.
21. The method of claim 20 further comprises the steps of:

adjusting said receive frame time based on said unique word if said unique

word 1s found within said frame; and

searching for said reference burst using a track aperture, wherein said track
aperture 1s positioned at the expected position of said unique word of said reference

burst.

22. The method of claim 21 further comprising the three steps of:

searching for said unique word in the track aperture;



CA 02275406 2005-01-26

_21 -

determining if data being received in the reference burst is error free; and
determining if a frame number in said reference burst increments each frame,

wheretn if any of said three steps fail, said terminal adjusts the start of receive
frame to begin after a falsely detected unique word and repeating the step of searching

for a unique word.

23. A method for acquisition of a terminal in a TDMA communications system

including a network controller, comprising the steps of:
picking an unused acquisition burst from a pool of acquisition bursts;

transmitting an acquisition command from the controller to the terminal

including the parameters for said picked acquisition burst;

after receiving the acquisition command at the terminal, generating a transmit

frame offset and transmit frame ID at the terminal:

transmitting an acquisition response from the terminal to the controller,
wherein said acquisition response includes the terminal's ID, transmission frame ID

and current delay estimate.

24. The method of claim 23 further comprising the steps of:
starting a timer at the terminal;
rece1ving said acquisition response at the controller; and

transmitting a synchronization command including a unique word error and

transmission frame ID correction to the traffic terminal, wherein

1f sa1d synchronization command is received by the terminal the terminal
applies the transmission frame ID correction to its transmission frame ID and begins

transmit synchronization.

25. The method of claim 24, wherein if said terminal does not receive said

synchronization command and said timer times out, the terminal waits for another

acquisition command.
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26. The method of claim 25, wherein the terminal maintains synchronization by
transmitting control bursts.
27. A time division multiple access wireless communications system comprising:

a communications terminal for communicating signals on bursts within a

TDMA frame; and

a controller for coordinating communications by said terminal, wherein

the terminal comprises:
means for generating a receive frame time at an arbitrary point in time,

means for generating a search aperture for a reference burst within said

receive frame,

means for generating a transmit frame period and receive frame period
based on finding said reference burst within said search aperture, said frame

periods being freely set with respect to said reference burst, and

means for maintaining a transmit burst plan and a receive burst plan,
and adding all other bursts in said terminal's receive burst time plan to said

receive frame.

28.  The system of claim 27 wherein said terminal searches for a unique word
within said receive frame and advances said search aperture by a fraction of the frame

time 1f said unique word is not found and repeating the search.

29. The system of claim 28 wherein said terminal adjusts said receive frame time
based on said unique word 1f said unique word is found within said frame and
searches for said reference burst using a track aperture, said track aperture being

positioned at the expected position of said unique word of said reference burst.

30. The system of claim 29 wherein said terminal searches for said unique word in
the track aperture and determines if data being received in the reference burst is error

free and if a frame number in said reference burst is incremented in each frame,

whereby if any of said three steps fails, said terminal adjusts the start of receive frame
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to begin after a falsely detected unique word and repeats the step of searching for a

unique word.
31. A time division multiple access wireless communications system comprising:

a communications terminal for communicating signals on bursts within a

TDMA frame; and

a controller for coordinating communications by said terminal, wherein

said controlier picks an unused acquisition burst from a pool of acquisition
bursts and transmits an acquisition command from said controller to said terminal
including the parameters for said picked acquisition burst and after receiving said
acquisitidn command at said terminal, generating a transmit frame offset and transmit
frame ID at the terminal and transmitting an acquisition response from said terminal
to said controller, whereby said acquisition response includes the terminal's ID,

transmission frame ID and current delay estimate.

32.  The system of claim 31 wherein said terminal includes a timer and said timer

1s started after sending said acquisition response.

33.  The system of claim 32 wherein said controller receives said acquisition

response and

transmits a synchronization command including a unique word error and
transmission frame ID correction to the traffic terminal, whereby if said
synchronization command is received by the terminal the terminal applies the

transmission frame ID correction to its transmission frame ID and begins transmit

synchronization.

34.  The system of claim 33, wherein if said terminal does not receive said
synchronization command said timer times out and said terminal waits for another

acquisition command.

35. The system of claim 33, wherein said terminal maintains synchronization by

transmitting control bursts to said controller.
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