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BIT SIGNAL STRUCTURE FOR DIFFERENTIALLY ENCODED BROADCASTS

BACKGROUND
(60011 The subject matter described hercin relates to electronic commmunication,
and more particularly to signal encoding techuniques which may be used 1o wireless
communication systems such as satellite communication systems. In addition, the subject
wmatter described herein relates o techniques to perform geolocation using low-earth orbit

{LEQ) satellite signals.

100021 The Global Positioning System (GPS) is a space-based, world-wide
navigation system which mncludes a space, ground, and user segroent. The locations of
the satellites are used as reference points to calculate positions of the GPS user recetver,
which 1s usually accurate to within meters, and sometimes even within ceniimeters, Each
of the satellites, the ground stations, and the GPS user receiver has preprogrammed
timtng sigoals that start al precise times. In order to lock on to the signals broadcasted by
the satellites, the ground station and GPS user receiver slow their respective internal
generaled signals relative to time as predicted by their respective internal clocks. When
the signals are locked, the GPS user receiver makes ranging measurements to each
satellite called pseudoranges. These pseudorange measurements include the actnal ranges
{o the satellites, in addition to an error associated with the receiver clock time offset
relative to GPS time, plus other smaller errors. The ground stations included in the GPS

control segment neiwork provide ranging measurements which are used {o generate
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predictions for the salellites clocks and orbus. These predictions are periodically
uploaded to the satellites and the satellites broadcast this data to the user receiver to

support the user receiver postlioning function,

{0003} Die wn part to concerns about jamming of GPS signals and power
limitations on GPS signals, low Earth orbiting (LEQ) satellite constellations, such as
Indium, have been suggesied as a wechanism to allowing navigaiion without using GPS,
or in conjunction with GPS systems. The Iridium satellite consteliation is a consteliation
of low carth orbiting satelliles at a height of approximately 485 mi (781 k), with six
near polar orbits with an inclination of ¥6.4°, and maintains an orbital velocity of
approximately 17,000 mph (27,000 kw/h). The constellation s used to provide global
satellite communication services including voice and data coverage to satellite phones,
pagers, and integrated transceivers around the globe. The constellation includes sixty-six
active sateliites in orbit which orbit from pole to pole at an orbital period of just over 100
minutes. The orbit design produces counter-rotating planes of satellites next to one
another {raveling in opposite directions. In addilion, the satellifes use cross-linking
technology to relay data across the constellation. Each Inidium satellite has 48 spot
beams as part of the constellations uniquely-identifiable beam geomelry that project onto

the surface of the earth.

{00047 Various technigues for using the time standard from the LEO satellites o
augment the funclionality of the GPS system include such patents as U.S. Pat. RE 37.256,
issned to Cohen, et al. entitled, "System and Method For Generating Precise Position

Deternminations;” U.S. Pat, No. 5,812,961 issued to Enge, et al. entitled, "Method And
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Recetver Using A Low FEarth Orbiiog Sateliite Signal To Augment The Global
Positioning Systeny;” U8, Pat. No. 5,944,770 1ssued to Enge, ct al. entitled, "Method And
Receiver Using A Low Earth Orbiting Satellie Signal To Aungment The Global
Positioning System;" and U.8, Pat. No. 6,373,432 issued to Rabinowitz, et al. entitiled
"Systemm Using LEG Satellies For Centuneter-Level Navigation.” The disclosures of

these patents are incorporated herein by reference in their respective entireties.

{0005] The Iridinm system eomploys a signal processing scheme known as
differential evncoding fo encode and transyoil quadrature phase shifi keyed (QPSK)
modulated broadeasts.  During the differential encoding process the In-Phase and
(Juadrature modulated bits (Is and (s) of a broadeast are re-coded as such that the cutput
state of the differential encoder is a function of both the current (LQ) input to the
differential encoder and the previous {(1,Q) state of the differential encoder. This
differential encoding scheme raises issues when using pseudo-random code sequences
and associated correlation detection methods because for overy desired code that is
mtended to transmit there are multiple possible broadcasts. This complicates the
correlation processing in the user receiver. Instead of searching and correlating for a
group of possible code messages the receiver instead must search through a multiple of
the number of messages broadcast. This increases the memory, processing, and power
requirements of the user receiver. Furthermore, it weakens the separation between the
codes and increases the likelihood that one code might be mistaken for another in the

correlation process.
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{0008] Accordingly, additional encoding fechniques for use with LEQO satellile

systems such as {ridinm may find utility.

SUMMARY

16007 Described herein are methods to encode data for transmission using a

LA

differential encoder. Also described are transmitlers adapted to nuplement such

transmissions and comumunication systems which utilize differential encoders.

16008 in some embodiments a communication device comprises a differential
encoder to receive data for transmission and encode the data for transmission using a set
of codes that, when processed by the differential encoder, place the differential encoder in

16 a known state and generate uncorrelated output sequences.

[60609] In other ewbodiments a method to encode data for transmission using a
differential encoder comprises roceiving, in a differential encoder, data for transmission,
and encoding the data for transnission using a set of codes that, when processed by the
differential encoder, place the differential encoder in a known slale and generate

15 uncorrelated ontput sequences.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0010} The detailed description is described with reference to the accompanying
figures.
88111 Fig. 1 is a schematic ilhustration of a low Farth orbit (LEQO) satellite

communtication system, according to embodiments.

10012} Fig. 2 1s a schematic dlustration of components of a fransnutting device and

a recetving device, according to embodiments

{6013} Fig. 3 is a flowchart illustrating operations in a method to implement a bit

signal structure for differentially encoded broadcasts, according to embodiments.

{0014} Fig. 4 s a flowchart illustrating operations 10 a wethod to geverate codes

for differential encoding operations, according to embodiments.
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BETAILED DESCRIPTION

{0015} In the following description, numerous specific details are set forth to
provide a thorough understanding of various embodiments. However, it will be
understood by those skilled in the art that the various embodiments may be practice
without the specific details. In other instances, well-known methods, procedures,
components, and elements have not been ilustrated or described in detail s0 as not to

obscure the particular embodiments.

{6018} The subject matter of this application is described primarily in the context
of differential encoding 1 QPSK modulation schemes implemented by Indium satellites.
However, one skilled in the art will recognize that the techniques described here are
readily apphicable to other systems which utilize differential encoding in either QPSK
modulation schemes or BPSK modulation schemes. Such systems may include other
mobtle commumication systems, ¢.g., airtborne communication systems or the like, as well
as, stationary communication platforms including but not limited to a ship or a cell phone

ower.

{6017} Deseribed herein are differential encoding techniques which may be used in
transmitters  associated with low Earth orbit (LEO)} satellite systems. In some
embodiments the differential encoding techniques use preselected codes which exhibit
the property of leaving the transmitter’s differential encoder in a known logical state. For
example, some presclected codes leave the transmitter in the same logical state as it was
in prior {0 iransmission. This resulis ina 1:1 mapping between tnput data and output data
for the differential encoder, which facilitates signal correlation and selection at a receiver,

&
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[0018] Fig. 1 1s a schematic illustration of a low Harth orbit (LEO) satellile
communication system 100, according to embodiments. Referring to Fig. 1, in some
embodiments a systew 100 comprises one or more LEQ satellites 110 in communication
with one or more receiving devices 120a, 120b, which may be referred to generally by

the reference mumeral 120

[6619] In some embodiments the LEQ satellites 110 may be embodied as satellites
in the Indium satellite constellation. A typical sateliite communication system such as
Iridiurn 18 designed o work under conditions where the satellite signal has a received

power above the ambient notse floor.

{8020} Recetving devices 120 may be implemented as communication devices
such as satellite or cellular phones or as components of a communication or computing
device, .g., a personal computer, laptop computer, personal digital assistant or the like.
Alternatively, recetving devices 120 may be muplemented as position locating or
navigation devices analogous to devices used in connection with the global positioning
system (GP3). The GPS system utilizes spread-spectrum access techniques which enables
the receivers to pick up a signal even when the received broadcast 1s below the noise
floor. In systems such as GPS, psendo-random codes are broadcast by satellites, and

correlation technigues are used to pull the signal out of the noise.

{6021} GPS systems have relatively poor performance within an attenuated (e.g.
indoor) environment 130 due to imsufficient signal power which has created a need for
other systems that can perform betier in these environments. Iridium satellites broadcast

with stgnificantly more power than GPS transmissions. In an example, a receiver unit
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configured to work with signals recetved {rom a LEO satelliie, such as an Inidium
satelite, may work with signal levels of less than about 45 dB of attenuation at the
antenna of a recetving device 120, Thus, by leveraging the LEO based Iridium satellile,
the Indium-configured receiver unit may operate at about 15-20 dB below where a

typical GPS-configured receiver unit would stop working.

10022} Vartons satellite comununicalion systems, ncluding Iridiurg, use a
differential encoding signal processing scheme to encode and transmit quadrature phase
shift keyed (QPSK) modulated broadcasts. During the differcotial encoding process the
In-Phase (I} and Quadrature () modulated bits of a broadcast are re-coded such that the
output of the differential encoder is a function of the current VQ state and the previous
I/ state. Table 1 is a typical differential encoding scheme used for QPSK systems. Any
given message (represented by a string of bits) is differentially encoded before it 1s

broadcast.



LA

10

15

R e

(PR

¢

40

WO 2011/142872 PCT/US2011/026500

Current Input Previcus Output  Current Output
State State State

i 8] i Q { 8]
O 0 ¢ ¢ & 0
Y ¢ 0 & i
0 0 i ¢ 1 0
& v { ] i
0 i G 0 1 0
& 1 0 i O v
0 i 1 v 1 i
& i { O 1
{ 0 O v ¢
1 0 0 1 i
t 0 1 0 v 0
1 0 t i 1 0
t 0 0 {
1 i 0 i 1 0
i i 1 0 ¢ i
1 i i i g 0

Table I Differential Encoding Scheme

{8023} The current cutput of the differential encoding process is a function of the
current VQ state and the previous I/ state. By way of example, a bit coded wessage (A)
tput to a differential encoder will actually be broadcast in a form (B) which can have
tour ditferent versions (B1, B2, B3, B4) depending on the previous state () of the

ditferential encoder. The cases presented in Table I, below are exemplary:

Case 1:

A= 00000000 Pre-encoded message
C=00
B1i= 00000000 Broadcast messape
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Case 2:

A= 00000000 Pre-encoded message

C=01 Previous state of the differential encoder
B2= 01010101 Broadcast message

Case 3:

A= 0000000 Pre-encoded messags

C= 10 Previous state of the differential encoder
B3= 10101610 Broadcast message

GO003000 Pre-encoded message
=11 Previous state of the differential sncoder
B4=11111111 Broadcast message

Table II: Encoder Transformations

{00247 Thus, for any subsequent given message A, there are four possible
differentially encoded versions of the message B, which cmerges from the differential
encoder. The message B is dependent on the previous encoder state C, creating a 1:4

mput code (A} to potential output (B) code ratio.

[6025] The differential encoding scheme used on Iridium and other communication
satetlites generates issues in using pseudo-random code sequences and associaled
correlation detection methods because every desired code, message A, that is inputted
into the differential encoder can generate four possible broadecasts. This 1:4 ratio
significantly complicates the correlation processing in the user receiver. Instead of
searching and correlating for a single group of possible code messages, the receiver
mstead must search through 4X this number of messages. This increases the memory,
processing, and power requirements of the user receiver. Furthermore, it weakens the
separation between the codes and increases the hikelthood that one code might be

mistaken for ancther in the correlation process.
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[0026] In one aspect there is described berein systems and roethods tor differential
encoding in which a differential encoder uses a set of codes that, when processed by the
differeniial encoder, places the differeniial encoder info a known state. The known state
may be a predetermined logical state. For cxample, in various embodiments the
differential encoder may reside in an mitial logical state when the data for transmission 1s
received and the set of codes used by the differential encoder to encode the data may
reset the differential encoder to the witial logical stale.  In various embodiments the
differential encoder may reside in an initial logical state when the data for transmission is
recetved and the set of codes used by the differential encoder {o encode the dala may
reset the differential encoder to a known logical state that differs from the niual logical
state. In various emabodimenis the known state may be a known (1,Q) state after an input
data stream has been processed. Placing the ditferential encoder into a known (1,(}) state

elurynates the 1:4 ratio of inpuis to oulpuis,

160277 In some embodiments, methods of the present disclosure may be
implemented 1n a transmitting device such as, ¢.g., & transmitter of a LEQ satellite such
as the satellite 110 depicted in Fig. 1. Fig. 2 is a schematic lusiration of components of a
transmitiing device and a receiving device, according fo embodiments, Referring to Fig.
2, in one embodiment a transmitting device 210 comprises a differential encoder 212, a
modulator 214, and an amplifier 216, The transmutting device 210 1s coupled to an
antenna 218. A receiving device 230 comprises one or more signal processor(s) 232, a
demedulator 234, and a band pass filter 236, The receiving device 230 is coupled o an

antenna 238.

it
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[0028] Operations of the transmitting device 210 and the recerving device 230 will
be explained with reference to Fig. 2, and with reference to Fig. 3, which is a flowchart
tHustrating operations in a method to mmplement a bit signal structure for differentially
encoded broadcasts, according to embodiments. Referring to Figs. 2 and 3, at operation
310 data for transmission is recetved in the differential encoder 212 of the transmitiing

device 210,

{0029] At operation 315 the data 1s differentially encoded using selected codes. In
some emboduments the differential encoder 212 differentially encodes the data using a set
of codes that have the property that when they are transmitted they always leave the
differential encoder 212 1n a kuown (1,QQ) siate, such as (00}, This ensures a 1l
correlation between the input code (A) and the output code (B) of the differential encoder
212, which i turn ensures that the previous message does not present an ambiguity to the
current message in spite of the systen’s differential encoder. Thus, the code word always

rotates the differential encoder 212 back to its initial phase (00} in the above example.

{00307 At operation 320 the data signal cutput {from the differential encoder is
modulated by the modulator 214, The modulated signal 18 amplified (operation 325) by

the amplifier 216 and passed to the antenna 218 for transmission {operation 330).

{0031} The broadcast signal s received {operation 333) at the antenna 238 coupled
o the receiving device 230. The signal is passed from the anterna 238 to a band pass
filter, which filters {operation 340) out undesired frequency ranges, then is demodulated
{operation 345} by demodulator 234 and then passed to a signal processor 232, In
relevant part, the signal processor 232 may decode (operation 350) the signal to recover

iz
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the original message. The oniginal wmessage may then be used o a posilion localion

Process,

{8032} in another aspect, the differential encoder 212 may mmplement a coding
technique referred fo herewn as super bit encoding (8BE), which is designed o waprove
the signal detection of messages in noisy environmenis. In some embodiments the
differential encoder 212 encodes messages with a processing gain equivalent to:

G=N/n;  where G = processing gain,

N = #of bits in the code message,
n = #of informaiion biis in the message.

{88331 By way of example, if the 10 message bits are used to represent 1
mformation bit, the processing gain is equal to 10 (or 10dB). Where the dB conversion
factor is: 10 logl®(G). Super bit sequences may be constructed using a string of N
pseudo-random bits, where each code has the correlation properties as previously
described. N may be implemented as an integer, such that output sequences from the
differential encoder 212 are uncorrelated with each other to the exient possible 1 order to

preserve the differentiation amongst code words.

{8034} in various embodiments, the super bit encoding scheme may be used with
the previously described methods in which a differential encoder uses a set of codes that,
when processed by the differential encoder, places the differential encoder into a known
state.  In one embodiment, the super bil encodmg scheme may appeond a woulii-bit
sequence 10 a siring of N pseudo-random bits, where the multi-bit sequence resets the
differential encoder to a known state. For example, two SBE bit sequences are set forth

below. Each bit sequence uses a 10 bil sequences to represent a § or a 1, respectively. As

i3



L

WO 2011/142872 PCT/US2011/026500

an example of this embodiment, the bit codes presenied in Case 1 through Case 4 m Table
IH below illustrate a 20 bit input code afier which four zeros (0000} are appended as a
test sequence, A. The four zeros appended to the end of the 20 bl sequence help identily
the state C of the differential encoder 212, In addition, D identifies the post-encoded
state of the ditferential encoder 212, A preferred output code resulis 1o C=D, meaning
that the post-encoded state of the differential encoder 212 includes four zeroes also at the
end of the message showing thal the siate of the encoder has been reset {o the iniial siate
of the differential encoder 212. By contrast, the examples illustrated in Case 5 through
Case 8 do not result in resetting the post~encoded state of the duferential encoder 212 1o
the initial pre-encoded state of the differential encoder 212.

Case 1:

A=10111100111 1011100110000 Pre-encoded message

C = 0000 Previous state of the differeniial encoder

B =100110100110001111000000 Broadeast message

D = 0000 Post-encoded state of the differential encode
Case 2:

A = 101011110001001010100000 Pre-encoded message

= 0060 Previous state of the differential encoder
B=1011001111106101101000000 Broadcast message

D= 0000 Post-encoded state of the differential encoder

Case 3:

A = 101010101 L10101101010000 Pre-encoded message

=000 Previous state of the differential encoder
B = 101101001101001 110000004 Broadeast message
D= 0000 Post-encoded state of the differental encoder

(ase 4:

A= 1011100001101 10011000000 Pre-encoded mossage

C = 0000 Previous state of the differential encoder
B = 1001000001001 11100000000 Broadcast messape
D = 0000 Post-encoded state of the differential encoder

Case 5:

A =01110100001 1100000010000 Pre-encoded message
£ =0000 Previcus state of the differential encoder
B = 0110006000110101011 11111 Broadcast message

i4
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D=11it Post-encoded state of the differential encoder
Case 6:

A=001101116101001001 110000 Pre-encoded messags

C = 0030 Previous state of the differential encoder

B =001110011110101110010101  Broadcast message

D= 0101 Post-encoded state of the differential encoder
Case 7:

A= 1001100101010 10100000 Pre-encodad message

= 0000 Previous state of the differential encoder

B = 011000000011010101 11111 Broadeast message

D=111t Post-encoded state of the differential encoder
Case 8.

A= 11001111101 1100100000000 Pre-encoded message

C = 0000 Previous state of the differential encoder
B=111100110110111010101010 Broadcast message
D= 1010 Post-encoded state of the differential encoder

Table HI: Example Bit Codes

{06035] In some embodiments, the super bit encoding concept can be extended o
the 1dea of representing several Gray codes within a single communication satellite
message burst such as an Inidium satellite message burst. The burst data struciure
includes information bits that provide identifying information as well as payload data,
which 1s differentially cncoded. In some embodiments there are 256 data bits (N) in a
message burst in which multiple messages are to be transmitted, where n=8 or 256
possible messages. SBE sequences can be defined for a cases in which n=1 foruse n a
communications satellite differential decoder, using two 10 bit sequences to represent a

ora i, In this case N=10 and n=1 and therefore the signal gain G=10.

{0036} Fig. 4 s a flowchart illustrating operations 10 a wethod to geverate codes
for differential encoding operations, according to embodiments, Referring to Fig. 4, at

operation 410 candidate pseudo-random codes are generated. In some ewbodimenis

is
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pseudo~random codes may be generated using a random nomber generator lo creale

candidate bit sequences of Us and Is.

(80371 At operation 4135 it is determined whether the pscudo-random codes mect
differential encodiong criteria. For QPSK encoding the pseudo-~random code the number of
bits must be even and the sum of all bits having a value of 1 must be an even multiple of
tour. For BPSK encoding the sumber of bits must be even and the some of all bits having

a value of | must be an oven multiple of two.

{6038} The pseudo-random code(s) may be input into the differential encoder 212,
which differentially encodes data (operation 420} and geueraies an output frow the wput
pseudo-random code(s). Differentially encoding a long random sequence of Us and 1s
typically produces a new code with similar statistical properties as the input code. Thus
there is a high probability that the output code generated by the differential encoder 212

has stmilar properties as the imput code.

{00387 At operation 425 the correlation properties of the output codes generated by
the differential encoder 212 are tested by correlating the mput code with the ouiput code.
in general, a good set of code words will produce a low cross-correlation between code
words 1n the set. The operations of Fig. 4 may be repeated until a suitable set of code
words 1s determined. The set of codes may then be used in the differential encoding

process depicted i Fig. 3.

10040] In sumumary, the forced differential encoding scheme implemenied by
satetlite communications systems presents a difficully in using pseudo-random code

seguences in message encoding because for every mput code for transmission results in
16
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four possible ouipul code broadcasts. This signihicanily complicales the correlation
processing in the user receiver by increasing the memory, processing, and power
requurernents. Furthermore, i weakens the separation between the codes and increases
the likelithood that one code might be mistaken for another in the correlation process.
According to embodiments described herein, encoding data in the differential encoder
212 using codes which leave the differential encoder 212 in a known output state may be
useful m delivering pseudo-randomn coded messages (o users via a communication
satellite. Using these techniques, timing and frequency information can be delivered to a
user in attenuaied environments {(e.g., indoors) by sending pseundo~-random messages from
a satellitc such as Iridium to a user located imside a structure. The user receiving the
message benehis because the broadeast from the commupications sateliite 1s wore
powerful than GPS, and the pseudo-random coding technigue provides an additional gain
that allows the sigoal to be pulled out of the nose. Unce received, these messages can
provide information suitable for the user to seif-locate. However, without loss of

generality, the message delivered o the user code could he for any purpose.

[6041] Reference in  the specification to “one ombodiment” or “some
ernbodiments” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included 1n at least an umplementation. The
appearances of the phrase “in one embodiment” in various places in the specification may
or may not be all referring to the same embodiment. For example, various embodiments

may include:

17
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Al. A comynunication device comprising a differential encoder to:

receive data for transmission; and

encode the data for transmission using a set of codes that, when processed by the
differential encoder, place the differential encoder n a known state and generate

5 uncorrclated cutput sequences.

A2, The communication device of Al, further comprising:
a modulator to modulate the encoded signal;
an amplifier to amplify the encoded signal; and

10 a transmuitier to transmit the encoded signal,

A3, The communication device of claivo Al further comprising a recetving device
remote from the communication device, the receiving device comprising:

a receiver to receive the encoded signal; and

o
L

a decoder to decode the encoded signal,

A4, The communication device of Al, wherein the encoded signal comprises at least

one of a global positioning system (GPS) signal, a Gray code signal, or a satellite signal,

20 AS.  The communication device of A3, wherein the receiving device comprises at least
one of a satellite phone, a cellular phone a personal computer, laptop computer, or a

personal digital assistant.

A6, The conumunication device of A3, wherein the receiving device uses the encoded

25 signal in a positioning algorithm.

Bl. A method o encode data for transmission using a ditferential cncoder, comprising:
recetving, in a differential encoder, data for transmission; and

encoding the data for transmission using a set of codes that, when processed by the

a3
-~
fod

differential encoder, place the differential encoder in a known state and generate

pncorrelated output sequences.
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B2. The method of Bl, wherein the difterential encoder utilizes QPSK modulation

schemes,

B3. The method of B1, wherein the differential encoder utilizes BPSK modnlation

schemes,

B4, The method of B2, wherein the differential encoder is within a mobtle

communication sysiem.

B5.  The method of B2, wherein the differential encoder is within a stationary

communication sysiem.

{8042} Although embodiments have been deseribed in language specific o
siructural features and/or methodological acts, it 1s {o be understood thal claimed subject
matter may not be limited to the specific features or acts described. Rather, the specific
teatures and acts are disclosed as sample forms of iuplementing the claimed subject

matier.
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CLAIMS

What is claimed is;

1. A method to encode data for transmission using a differential encoder, comprising:
receiving, 1o a differential encoder, data for transmission; and
encoding the data for transmission using a set of codes that, when processed by the
differential encoder, place the differential encoder 11 a known state and generate

uncorrelated output sequences,
2. The method of claim 1, wherein:
the differential encoder resides in an initial logical state when the data for
transmission is received; and
the setl of codes used by the differential encoder 1o encode the daia resets the

differential encoder to the initial logical state.

3. The method of claim 1, wherein:

the differential encoder resides in an initial logical state when the data for
{ransmission is received; and

the set of codes used by the differential encoder {o encode the data resets the

differential encoder to a known logical state that differs {rom the 1nitial logical state.

4. The method of claim 1, further comprising:
modulating the encoded signal;
amplifymng the encoded signal; and

transmitting the encoded signal.

5. The method of claim 4, further comprising:
receiving the encoded signal; and

decoding the encoded signal,

6. The method of clamn S, further comprising using the encoded signal in a

positioning algorithm,
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7. The method of claim 6, wherein the encoded sigoal comprises at least one of a

global positioning system {GPS) signal, a Gray code signal, or a satellite signal.

8. The method of claim 1, wherein enceding the data for {ransmission comprises
using a super bit encoding scheme in which ecach bit of information transmitted is

represented by a string of N psendo-randory biis,

9, The method of claim &, wherein the super bit encoding scheme is utilized to
ncrease the signal to noise ratio to allow a user indoors to acquire robust timing

information.

10, The method of claim &, wherein the super bil encoding scheme appends a mubti-bit
sequence to the string of N pseudo-random bits, wherein the multi-bit sequence resots the

differential encoder to a predetermined logical state.

11, The method of claim 1, wherein the differential encoder is located within a

communtcation system thal 1s leveraged as a posttioning sysiem,

12, The method of claum 5, wherein recetving the encoded signal comprises allowing

a user 1n an attenuated environment (o receive a signal acquire robust timing information,

13, A communication device comprising a differential encoder to:

receive data for transmission; and

encode the data for transmission using a set of codes that, when processed by the
difterential encoder, place the differential encoder in a known state and generate

uncorrelated output sequences.

14, The communication device of claim 13, wheren:

the differential coder resides in an initial logical state when the data for
fragsmission is recetved; and

the set of codes used by the differential encoder to encode the data resets the

differential encoder to the initial logical state.
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15, The communicaiion device of claim 13, wherein:

the differential coder resides in an nitial logical state when the data for
transmission is received; and

the set of codes used by the differential encoder to encode the daia resets the

5 differential encoder to a known logical state that differs from the initial logical state.

16, The communication device of clanm 13, wherein the differential encoder
tmplements a super bit encoding scheme in which each bit of information transmitted is

represented by a string of N psendo-randory bits,

17.  The communication device of claim 16, wherein the super bit encoding scheme
10 appends a muli-bit sequence {o the string of N pseudo-random bits, wherein the multi-bit

sequence resets the differential encoder to a predetermined logical state.
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