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Method And System For Coded Null Packet-Aided Synchronization

FIELD OF THE INVENTION

The present invention relates to improving time division multiple

access (TDMA) synchronization in a direct sequence spread spectrum
communication (DSSS) system.

BACKGROUND OF THE INVENTION
This section is intended to introduce the reader to various aspects

of art which may be related to various aspects of the present invention
which are described and/or claimed below. This discussion is believed
to be helpful in providing the reader with background information to
facilitate a better understanding of the various aspects of the present
invention. Accordingly, it should be understood that these statements
are to be read in this light, and not as admissions of prior art.

In a TDMA communication system, a base unit facilitates
communication between other base units and multiple local mobile
terminals (MTs), which may also be referred to as handsets. The base
unit and the mobile terminals are typically capable of transmitting and
receiving a data signal at a particula} frequency or group of frequencies.
The data signal is broken into a number of smaller increments known as
time slots, which may recur during each cycle of the data signal. Using
TDMA, multiple data transmission sessions can take place
simultaneously. During a given communication session, a mobile
terminal may be assigned a particular time slot. The data from that
mobile terminal may be transmitted in the assigned time slot for the
duration of a communication session. For a given base station
environment, it is typical for at least some TDMA timeslots to be unused
at a given time.
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TDMA may be used in spread spectrum communication systems
such as DSSS systems. In a DSSS system, the original data signal is

spread by multiplying it with a wideband spreading code. Spreading
converts a narrowband signal with a relatively high power spectral
density into a wideband signal that has a low power spectral density.
That is, the energy of the signal is spread out over a wide frequency
range. A DSSS signal is often below the noise floor.

A DSSS receiver is able to process the signal because of the
correlation gain from correlating against the spreading code at the
receiver. Because of their low power spectral density, DSSS signals are
often hard to detect and cause very little interference with other signals
in that frequency band.

A typical method of synchronizing a TDMA structure that is being
received is to decode the payload data contained in data packets
associated with the various time slots to determine the reference point in
the TDMA structure of the decoded packet. This scheme generally
requires a receiving system to, first, reliably detect the packet boundaries
and then to be able to demodulate, decode and otherwise process the
packet to exiract the relevant TDMA information. Such initial packet
boundary detection may be difficult to perform, especially in conditions
where signal-to-noise ration (SNR) SNR is low.

An example of the typical method is to correlate the received data
signals with an appropriate pseudo-noise (PN) sequence to determine
the correlation peak locations. When the correlation peak locations are
known, packet boundaries may be locked onto and payload data
decoded based on the location of the data relative to the identified
packet boundary. In such a scheme, the detection of the correlation
peaks does not provide any information about the TDMA structure until
the payload data is decoded using forward error correction (FEC)
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technology. An apparatus and method that allows a reliable
determination of the TDMA structure of a data signal in the correlation
domain without decoding the FEC-encoded payload data, thus speeding
up the TDMA acquisition and improving its accuracy, is desirable.

SUMMARY OF THE INVENTION

The disclosed embodiments relate to a communication system
comprising a transmitter that is adapted to transmit a data signal that is
broken into a plurality of time slots. The transmitter is adapted to insert
communication data into a subset of the plurality of time slots and to
create null data representative of information about the communication
system. The null data is inserted into a subset of the plurality of time
slots not occupied by communication data.

Other disclosed embodiments relate to a communication system
comprising a receiver that is adapted to receive a data signal that is
broken into a plurality of time slots. The receiver is adapted to identify
correlation peaks in the data signal that correspond to a subset of the
plurality of time slots, the subset of the plurality of time slots including
null data representative of information about the communication system.
The receiver may associate logical values with the correlation peaks and
decode the logical values to obtain the information about the TDMA
structure of the communication system.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings:

FIG. 1 is a diagram showing an exemplary TDMA structure in
accordance with embodiments of the present invention:
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FIG. 2 is a graph showing correlation domain data corresponding
to the TDMA structure shown in FIG. 1;

FIG. 3 is a diagram showing an alternative exemplary TDMA data
structure in accordance with embodiments of the present invention; and

FIG. 4 is a block diagram illustrating a device for receiving and
interpreting null packets in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION

One or more specific embodiments of the present invention will be

described below. In an effort to provide a concise description of these
embodiments, not all features of an actual implementation are described
in the specification. It should be appreciated that in the development of
any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions may be made to achieve
the developers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreciated that such
a development effort might be complex and time consuming, but would
nevertheless be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of this
disclosure. )

FIG. 1 is a diagram showing an exemplary TDMA structure in
accordance with embodiments of the present invention. The TDMA
structure, which illustrates the view of a TDMA base station, is generally
referred to by the reference numeral 10. TD1 represents a command
data transmission slot. RD1 represents a command data receive slot.
The rows that begin with TD1 and RD1 together comprise a first
horizontal slot. TS1, TS2, TS3 and TS4 each correspond to various odd
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and even transmission time slots. RS1, RS2, RS3 and RS 4 each
correspond to various odd and even receive time slots. An nth horizontal
slot is represented by the two rows that begin, respectively, with a
command data transmission slot TDn and a command data receive slot
RDn. |

At any given time, one or more of the transmission slots TSn may
be unused for purposes of transmitting communication data. The
transmission slots may be unused because no mobile terminal is
engaged in a communication session that requires the use of the time
slot for communication data. The base station may insert fixed signature
data in the form of null data packets into all unused time slots. The term
“null data,” as used herein, means a pre-defined signature packet that is
different from an information-bearing payload packet containing data
transmitted on the TDMA slots already occupied. The expression “null”
is not intended to imply an all-zero packet.

Each time slot may be given its own predetermined identity pattern
that is embedded in an otherwise unused time slot. The data may be
determined by examining the correlation peaks before the data packet
itself is decoded by a receiver. A mobile terminal desiring to establish
the initial synchronization with the base station may correlate the
received signals and determine immediately what kind of packet is being
received and/or determine which time slot is available for transmission.

The null packets sent by the bgse station may carry information
indicating the identity of the associafed time slots in the correlation
domain. This means that the correlation bin patterns themselves
embody the information sent by the base station. Thus, a mobile unit or
handset desiring to establish a communication link can immediately find
an available time slot without going through layers of protocol and
decoding the payload data. Any handset that 'wakes up' from the sleep
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mode can quickly re-synchronize by matching the received correlation
patterns and adjusting the timing and carrier offsets accordingly.

FIG. 2 is a graph showing correlation domain data corresponding
to the TDMA structure shown in FIG. 1. The graph shown in FIG. 2 is
generally referred to by the reference numeral 20. The x-axis of the
graph 10 shows a range of correlation bin index values and the y-axis
shows the amplitude of a received TDMA signal.

A plurality of positive correlation peaks 22 correspond to various
symbols transmitted in the transmission slots (TS) shown in FIG. 1.
Similarly, a plurality of negative correlation peaks 24 also correspond to
various symbols transmitted in the transmission slots (TS) shown in FIG.
1. Three positive correlation peaks have been specifically identified with
the reference numeral 22 and three negative correlation peaks have
been identified with the reference numeral 24 in FIG. 2 for purposes of
illustration. Those of ordinary skill in the art will appreciate that other
correlation peaks having approximately the same positive amplitude as
the correlation peaks 22 and the same negative amplitude as the
correlation peaks 24 are illustrated in FIG. 2.

The pattern of the correlation peaks shown in FIG. 2 may embody
useful information sufficient to allow any mobile unit or handset receiver
to determine TDMA system parameters. Examples of data that may be
coded into null packets to convey this information include whether the
packet was sent by a base station or a mobile unit, the identity of a time
slot in which a packet is received (including the vertical slot number,
horizontal slot number and whether ihe slot is odd or even), transmission
power level, strong or weak forward érror correction (FEC) or the like. In
the TDMA structure shown in FIG. 1 and corresponding correlation peak
data shown in FIG. 2, eight (8) audio and one (1) command data slots
require at least nine (9) patterns of correlation peaks.
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The correlation peaks shown in FIG. 2 may be assigned a logical
value, such as a logical value of “0” or “1.” A negative peak bin can be
mapped to logic 1 and positive peak bin can be mapped to logic 0, or
vice versa. The correlation peak patterns may be designed in such a
way that each pattern has a maximum distance from others in the
correlation domain. For instance, the distance between a group of
correlation peak data A=(1 0 1 0) and a group of correlation peak data
B=(0 1 00) is three (3) if distance is defined as the number of places
where the data elements differ. The maximum distance among the null
packets will give rise to better pattern matching performance.

If 51 symbols are contained in each data packet, the correlation
bins generated from payload data may be identical to the signature
correlation bins. However, a possible solution may be to use
redundancy in the signature patterns. The payload data is typically
randomized and the repetition of strings of Os or 1s for a long duration is
rare. In the signature patterns, the repetition of Os or 1s can be created
on purpose to eliminate the possibility of having identical payload data
generated pattern and signature pattern. An alternative way to achieve
unambiguous detection may be to look for the correlation pattern to
occur multiple (2 or more) times separated by a pre-defined number of
packets. The probability of a payload pattern to repeatedly match one of
the designated signature patterns should be insignificantly low,

FIG. 3 is a diagram showing an alternative exemplary TDMA data
structure in accordance with embodiments of the present invention. The
TDMA structure, which illustrates the view of a TDMA base station, is
generally referred to by the reference numeral 30. A first horizontal slot
comprises odd and even rows. The even row includes a command data
transmission slot BT_D1 and occupied data transmission slots BT_A1
and BT_A4. Also included in the even row are occupied data receive
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slots BR_A1 and BR_AA4. Empty even data receive slots (shown in
hatched lines) are identified as BR_S2 and BR_S3. Finally, empty even
data transmission slots (shown in hatched lines) are identified as BT _S2
and BT_88. The empty even data transmission slots BT_S2 and BT_S3
may be filled with TDMA signature data, as set forth above with
reference to FIG. 1 and FIG. 2.

The odd row of the first horizontal slot includes a command data
receive slot BR_D1 and occupied data transmission slots BT_A1 and
BT_A4. Also included in the odd row are occupied data receive slots
BR_A1 and BR_A4. Empty even data receive slots (shown in hatched
lines) are identified as BR_S2 and BR_S3. Finally, empty odd data
transmission slots (shown in hatched lines) are identified as BT_S2 and
BT_S3. The empty odd data transmission slots BT_S2 and BT_S3 may
be filled with TDMA signature data, as set forth above with reference to
FIG. 1 and FIG. 2.

An nth horizontal slot is also shown in FIG. 3. The time slots of the
nth horizontal slot correspond to the like-named time slots in the first
horizontal slot.

FIG. 4 is a block diagram illustrating a device for receiving and
interpreting null packets in accordance with an embodiment of the
present invention. The block diagram is generally referred to by the
reference numeral 40.

An antenna 42 is adapted to receive a data transmission from a
receiver such as a TDMA base station in a DSSS communication
system. The received data signal may be subjected to front end
processing by a front end processing block 44 and filtering by a filter
block 46. The filtered data signal may be subjected to de-spreading
(correlation) by a de-spreader 48. The output of the de-spreader 48 is
delivered to a correlation peak bin detector 50, which may receive a
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threshold input 52 to help determine the threshold level of data
comprising the null packets described above with reference to FIG. 1
and FIG. 2.

The output of the correlation peak bin detector is delivered to a
peak bit mapper 56, which translates the correlated peak bins to logical
Os and 1s. The logical translation of the correlated peak bits results in
data corresponding to the signature data that was embedded in an
otherwise empty time slot by the transmitter that generated the data
signal. The output of the correlation peak bin detector 50 may optionally
be delivered to a convehtional decoder 54 for FEC decoding or the like.

The signature data from the mapper 56 is delivered to a validater
and decoder 58, which interprets the signature data that was embedded
into the null packets. The validater and decoder 58 may also include
error correction capability. For example, the information contained in the
null packets may be encoded with an FEC block code. An FEC block
code may be applied to the correlation-peak-mapped 0s and 1s to
correct mapping errors because of the very low SNR environment. Also,
parity bits or other forms of error checking and correcting may be
employed to check the integrity of the mapped bits.

A control block 60 may receive signature data from the validater
and decoder 58 and use that data to set or load synchronization
parameters to apply to data packets that contain communication data
instead of signature data. If the signature data decoded from the
otherwise empty timeslots is correctly interpreted, the payload data from
slots containing actual data may be decoded by a decoder 62.

While the invention may be susceptible to various modifications
and alternative forms, specific embodiments have been shown by way of
example in the drawings and will be described in detail herein. However,
it should be understood that the invention is not intended to be limited to
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the particular forms disclosed. Rather, the invention is to cover all
modifications, equivalents and alternatives falling within the spirit and
scope of the invention as defined by the following appended claims.
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CLAIMS

1. A communication system comprising a transmitter that is adapted
to transmit a data signal, the data signal being broken into a plurality of
time slots, the transmitter being adapted to:

insert communication data into a subset of the plurality of time
slots;

create null data representative of information about the
communication system; and

insert the null data into a subset of the plurality of time slots not
occupied by communication data.

2. The communication system set forth in claim 1, wherein the
communication system is a time division multiple access (TDMA)
communication system.

3.  The communication system set forth in claim 1, wherein the
communication system is a direct sequence spread spectrum (DSSS)
communication system.

4.  The communication system set forth in claim 1, wherein the
communication data is encoded using a forward error correction (FEC)
code and the null data is not encoded using an FEC code.

5.  The communication system set forth in claim 1, wherein the null

data is encoded using a forward error correction (FEC) code.
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6.  The communication system set forth in claim 1, wherein the subset
of the plurality of time slots not occupied by communication data
comprises all of the time slots not occupied by communication data.

7. The communication system set forth in claim 1, wherein the
information about the communication system comprises an identifier
associated with the time slot into which the null data is inserted.

8.  The communication system set forth in claim 1, wherein the
information about the communication system comprises a power level at
which the transmitter is transmitting the data signal.

9. A communication system comprising a receiver (40) that is
adapted to receive a data signal, the data signal being broken into a
plurality of time slots, the receiver being adapted to:

identify (50) correlation peaks (22, 24) in the data signal that
correspond to a subset of the plurality of time slots, the subset of the
plurality of time slots including null data representative of information
about the communication system:;

associate (56) logical values with the correlation peaks (22, 24);
and

decode (62) the logical values to obtain the information about the
communication system.

10. The communication system set forth in claim 9, wherein the subset
of the plurality of time slots does not contain communication data.

11.  The communication system set forth in claim 9, wherein the
receiver is adapted to employ the information about the communication



10

15

20

25

WO 2005/006573 PCT/US2004/020896

13

system to set (60) synchronization parameters for'use in decoding
packets that contain communication data.

12. The communication system set forth in claim 9, wherein the
receiver is adapted to decode packets that contain communication data
using the information about the communication system.

13.  The communication system set forth in claim 9, wherein the
communication system is a time division multiple access (TDMA)
communication system.

14. The communication system set forth in claim 9, wherein the
communication system is a direct sequence spread spectrum (DSSS)
communication system.

15.  The communication system set forth in claim 9, wherein the logical
values are decoded without using a forward error correction (FEC) code.

16. The communication system set forth in claim 9, wherein the logical
values are decoded using a forward error correction (FEC) code.

17.  The communication system set forth in claim 9, wherein the
information about the communication system comprises an identifier
associated with the time slot into which the null data is inserted.

18. The communication system set forth in claim 9, wherein the
information about the communication system comprises a power level at
which the transmitter is transmitting the data signal.
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19. A method of interpreting a data signal, the data signal being
broken into a plurality of time slots, a subset of the plurality of time slots
including null data representative of information about a communication
system, the method comprising:

identifying (50) correlation peaks in the data signal, the correlation
peaks corresponding to the subset of the plurality of time slots;

associating (56) logical values with the correlation peaks; and

decoding (62) the logical values to obtain the information about the
communication system.

20. The method set forth in claim 19, comprising decoding data
packets that contain communication data using the information about the
communication system.



WO 2005/006573

PCT/US2004/020896

1/2
fﬂ?
DATA ~ AUDIO CHANNEL |
D1 TS1 RST | 752 | RS2 | 753 | RS3 | 1S4 | RS4
EVEN EVEN EVEN EVEN EVEN EVEN EVEN EVEN
RD1 TS1 RST | 7S2 | RS2 | 1S3 | RS3 | 1S4 | Rs4
0DD 0DD 0DD 0DD oDD 0oDD 0oDD 0oDD
0 TS1 RST | 152 | RS2 | 783 | RS3 | 7154 | Rs4
EVEN EVEN EVEN EVEN EVEN EVEN EVEN..]. EVEN
R TS1 RST | 1S2 | RS2 | 1S3 | RS3 | 754 | Rs4
| obb | obb | obb | opb | opb | opb | oop | oDD
Fig. 1
)\ 4
1 {, I: I} I’ 1 1:)
10_ 3 3 b 3
ShIN 1 :
L l'}'-m"] l P l‘ i ! Illiii 'Iiiyl i ] ’1
0 E ...“.T ' e il iﬁ?’? 'L:;' "'lu l;‘f
R | e 0 bl B
il B! ' i
_ol3 1 B iRy TR H
2 A A Pi LI

24

1.74)1.76)1.78 1

.8 1.82 1.84 1.86 1.88

Fig. 2

x 10"




WO 2005/006573 PCT/US2004/020896

2/2 o
/30
VERTICAL SLOT TIME ——
EVEN
HORIZONTAL
SLOT #1 i_ o) e [
oD
EVEN
HORIZONTAL - |
SLOT #n i— ROAT SRS
oD
Fig. 3
54
CONVENTIONALLY
1 DECODE HEADER |
42 | |AND_PAYLOAD DATA
44 46 48 50 T
/ 2N N
i CORRELATION || [ AP PEAK BINS
;Egggsgm%*”m'“c"?(:EOSEER&AT%%* PEAK BINS || TO LOGIC BITS OF
DETECTION 0 AND 1
+
52~ THRESHOLD
s [ a2 [ e
VALIDATE, AND DECO RAMETERS ‘70
BITS 0 OBTAIN TOMA || SYNCHRONIZE wiTH [ PfFYH%A%YﬁéTA —
SYSTEM PARAMETERS TOWA STRUCTURE | | :
’ . N
58 60 62

Fig. 4



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

