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ABSTRACT

This paper describes the Multiplexed Binary Offset Carrier
(MBOC) spreading modulation that has been recommended by
the GPS-GALILEO Working Group on Interoperability and
Compatibility. The MBOC(6,1,1/11) power spectral density is
a mixture of BOC(1,1) spectrum and BOC(6,1) spectrum, that
would be used by GALILEO for its Open Service (OS) signal
at L1 frequency, and also by GPS for its modernized L1 Civil
(L1C) signal. A number of different time waveforms can
produce the MBOC(6,1,1/11) spectrum, allowing flexibility in
implementation, although interoperable waveforms remains an
objective for GALILEO and GPS. The time-multiplexed BOC
(TMBOC) implementation interlaces BOC(6,1) and BOC(1,1)
spreading symbols in a regular pattern, whereas composite
BOC (CBOC) uses multilevel spreading symbols formed from
the weighted sum of BOC(1,1) and BOC(6,1) spreading
symbols, interplexed to form a constant modulus composite
signal. This paper provides information on the history,
motivation, and construction of MBOC signals. It then shows
various performance characteristics, and summarizes their
status in GALILEO and GPS signal design.



INTRODUCTION

On June 26", 2004, the United States of America and the
European Community established the "Agreement on the
Promotion, Provision and Use of GALILEO and GPS
Satellite-Based Navigation Systems and Related Applications”
[1]. One aspect of the Agreement was to adopt a common
baseline signal to be transmitted in the future by GALILEO
and GPS at the L1 center frequency of 1575.42 MHz.
Although the Agreement established BOC(1,1) as the baseline
for GALILEO L1 OS and GPS future L1C signals, it also
stated that the Parties shall work together toward achieving
optimization of that modulation for their respective systems,
within the constraints of the Agreement.

A recent joint design activity involving experts from the
United States and Europe has produced a recommended
optimized spreading modulation for the L1C signal and the
GALILEO L1 OS signal [2, 3]. The spreading modulation
design places a small amount of additional power at higher
frequencies in order to improve signal tracking performance.

This paper describes the spreading modulation’s power
spectral density (PSD), as well as alternative spreading time
series and their autocorrelation functions. In addition, various
measures are used to assess the performance benefits of the
optimized modulation compared to those of other
modulations. The status and way ahead are then summarized.

MBOC POWER SPECTRAL DENSITY

The spreading modulation for the legacy civil signal at
1575.42 MHz, the GPS C/A code, is based on binary phase
shift keyed signal with a rectangular pulse shape and a
spreading code chip rate of 1.023 MHz, denoted BPSK-R(1).
While very good performance can be obtained with the C/A
code signal, it has been recognized that better performance can
be obtained using spreading modulations that provide more
power at high frequencies away from the center frequency.
Binary offset carrier (BOC) spreading modulations [4] are one
way to accomplish this, and a BOC(1,1) spreading modulation
was selected as the baseline for the future GALILEO L1 OS
and GPS L1C signals. Fig. 1 shows BOC(1,1)’s resulting
increase in higher frequency power, compared to BPSK-R(1).

The multiplexed binary offset carrier (MBOC) PSD
recommended in [2, 3] is the PSD of the entire signal (pilot
and data components together), denoted MBOC(6,1,1/11), and
given by

10 1
Gsignal ( ) =77 Gsocwy (f)+;Gsoc(n () @)
where  Gpoc(m,n) (f) s the unit-power PSD of a sine-

phased BOC spreading modulation as defined in [4]. The
selection of this PSD and identification of practical ways to
produce time waveforms that implement it are based on
extensive work by many individuals. Some of these
foundational references are listed in [4 -11].
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Fig. 1. Unit Power PSD of BPSK-R(1) and BOC(1,1)
Spreading Modulations, Showing BOC(1,1)’s Additional
Power at Higher Frequencies

MBOC(6,1,1/11)’s resulting increase in higher frequency
power, compared to that of BOC(1,1), is evident in Fig. 2. As
will be seen, the improvement in high frequency power for
signal tracking can be even greater than what is shown in
Fig. 2 by placing all or most of the BOC(6,1) symbols, which
provide the additional high frequency power, in the pilot
component of the signal.
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Fig. 2. Unit Power PSD of BOC(1,1) and MBOC(6,1,1/11)
Spreading Modulations, Showing MBOC(6,1,1/11)’s
Additional Power at Higher Frequencies

The recommended MBOC(6,1,1/11) is a specific case of more
general spreading modulations that have been studied
extensively. It was selected to meet technical constraints in the
Agreement [1], to retain a high degree of interoperability with
receivers that might use BOC(1,1), and to facilitate
implementation in satellites and receivers.
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SPREADING TIME SERIES AND
AUTOCORRELATION FUNCTION

A variety of time waveforms can be used to produce the
MBOC(6,1,1/11) PSD described in (1). Two fundamentally
different approaches, time-multiplexed BOC (TMBOC) and
composite BOC (CBOC), are described in this section, along
with various applications of each approach.

Denote a baseband spread spectrum waveform by

s(t)= 3 a,g, (t—kT,) @

k=—o0
where the {ak} take on the values +1 as determined by the
combination of spreading code chip, any data message
symbol, and any overlay code bit, T, is the spreading code

chip rate, and {gk(t)} are spreading symbols expressed in a

general enough form so that they can be different for different
values of K. (Clearly, more general versions of (2) could
employ complex-valued {ak} and gk(t) to achieve higher-
order phase modulations.)

Define the spreading time series as the deterministic time
series produced with the chip values formed by the
combination of the spreading code bits, any data message
symbols, and any overlay code or other secondary code. For
example, a BPSK-R spreading time series takes on the
constant value of unity, while a BOC time series is merely the
repetition of identical BOC spreading symbols. The most
general case corresponds to BCS signals, whose time series is

given by a vector S as shown in [8, 9]. According to this the
spreading time series of BPSK-R in (2) is defined as

s(t)= 3 g, (t-KT,) )

k=-o0

TMBOC Implementation
In a TMBOC spreading time series, different BOC spreading

symbols are used for different values of K, in either a

25% Power Data Component

deterministic or periodic pattern. To produce a
MBOC(6,1,1/11) spectrum, the spreading symbols used are

BOC(1,1) spreading symbols denoted gBoc(n)(t) and and
BOC(6,1) spreading symbols denoted §goc g1 (t), with

sgnsin(224/T,)] 0<t<T,
Osocq(t)= { | (o )] elsewhere “
and defined by

sgnsin(122t/7,)] 0<t<T,
Gsoc(en(t)= { | (o | elsewhere ®)

Since the pilot and data components of a signal can be formed
using different spreading time series, and the total signal
power can be divided differently between the pilot and data
components, many different TMBOC-based implementations
are possible.

A candidate TMBOC implementation for a signal with 75%
power on the pilot component and 25% power on the data
component, could use all BOC(1,1) spreading symbols on the
data component, since data demodulation does not benefit
from the higher frequency contributions of the BOC(6,1), and
pilot component whose spreading time series comprises 29/33
BOC(1,1) spreading symbols and 4/33 BOC(6,1) spreading
symbols. This design places all of the higher frequency
contributions in the pilot component, providing the greatest
possible benefit to signal tracking when only the pilot channel
is used to this purpose, while yielding the PSDs

29 4
Gpitot ( f ) = gGBOC(l,l) (f)+ gGBOC(e,l)( f)

GData ( f ) = GBOC(l,l) ( f )

3 1
GMBOC(G,I,l/ll) ( f ) = ZGPilot( f)+ ZGData( f)

10 1
= EGBOC(L].)( f)+ EGBOC(GJ) (f)
Fig. 3 next shows an example of this implementation, with the
BOC(6,1) spreading symbols in locations 1, 5, 7, and 30 of

each 33 spreading symbol locations. This pattern could be

(6)
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Fig. 3. Example of TMBOC(6,1,4/33) Spreading Time Series, with All BOC(6,1) Spreading Symbols in the 75% Pilot
Power Component



repeated 310 times if the spreading code length is 10230, or
124 times if the spreading code length is 4092.

For a signal with 50%/50% power split between pilot and
carrier component, a candidate TMBOC implementation
would be to use all BOC(1,1) spreading symbols on the data
component, and 2/11 BOC(6,1) spreading symbols on the
pilot, yielding the PSDs

9 2
Gpitot ( f ) = EGBoc(m)( f)+ EG
Goaa () =

GMBOC(6,1,1/11) ( f )

BOC(6,1) ()

cun(f) @
PI|UI(f)+ GData(f)

:%GBOC(M)(f)+%GBOC(6,1)(f)
Yet another option for a signal with 50%/50% power split
between pilot and carrier component would be to place 1/11
BOC(1,1) spreading symbols on both the pilot and data,
yielding the PSDs

Ggo
1
2

10 1

Gitor ( f ) = TGBOC(LJ_)( f)+ 7GBOC(6,1) (f)
10

GData(f) 1 BOC(ll)(f)+ GBOC 6.1) (f) (8)
1

GMBOC(6,1,1/11) ( f ) = EGPiIm (f)+ *GData (f)

10
11 BOC(ll)(f)+ GBOC 6.1) ()

Several considerations affect the ch0|ce of specific locations
for the BOC(6,1) spreading symbols. If BOC(6,1) symbols are
placed in both the pilot and data components, receiver
implementation is simplest when these symbols are placed in
the same locations in both components. Also, it has been
determined that proper placement of the BOC(6,1) symbols
can lead to improvement of the spreading codes’
autocorrelation and crosscorrelation properties, compared to
these properties with all BOC(1,1) spreading symbols.

Work is underway to determine the best placement of
BOC(6,1) symbols in a L1 OS signal, accounting for these
considerations. Good results have been obtained for L1C using
the BOC(6,1) locations shown in Fig. 3, and the resulting
performance of spreading codes for L1C are reported later in
this paper.

CBOC Implementation
A CBOC implementation can be based on the approach
presented in [6, 9, 11], using four-level spreading symbols

formed by the weighted sum of Ggocqy(t) and
9Boc(6.1) (t) symbols. For a 50%/50% power split between

data and pilot components, CBOC symbols formed from the
sum of +10/11 gBOC(M)(t) symbols and +1/11
90C(6.) (t) symbols could be used on both components,

yielding the PSDs in (8). Alternatively, for the same 50%/50%

power split between data and pilot components, CBOC
symbols formed from the sum of v9/11 Qggocqy) (t) symbols

and +/2/11 9B0C(64) (t) symbols could be used on only the

pilot component, with the data component remaining all
Osoc(y) (t) The resulting PSDs would be the same as (7).

The normalized autocorrelation  function of  the
TMBOC(6,1,4/33) spread spectrum time series, computed
over infinite bandwidth and with ideal spreading codes, is
illustrated in Fig. 4, along with the autocorrelation function for
BOC(1,1). Observe that TMBOC(6,1,4/33)’s correlation
function peak is narrower than that of BOC(1,1), but the
widths at values of 0.5 and at the zero crossing are virtually
the same.
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Fig. 4. Normalized Autocorrelation Functions Computed
over +15 MHz Bandwidth

Summary of Spreading Time Series and Implementation

Table 1 summarizes the variety of implementations of
MBOC(6,1,1/11) that have been outlined:

Table 1. MBOC(6,1,1/11) Possible implementations

Data Pilot Percer)tage on
pilot
BOC(1,1) TMBOC(6,1,2/11) 50%
BOC(1,1) TMBOC(6,1,4/33) 75%
TMBOC(6,1,1/11) | TMBOC(6,1,1/11) 50%
TMBOC(6,1,1/11) | TMBOC(6,1,1/11) 75%
BOC(1,1) CBOC(6,1,2/11) 50%
BOC(1,1) CBOC(6,1,4/33) 75%
CBOC(6,1,1/11) CBOC(6,1,1/11) 50%
CBOC(6,1,1/11) CBOC(6,1,1/11) 75%




PERFORMANCE ASSESSMENT

Many different performance characteristics have been
considered during waveform optimization. The primary
objective has been to improve tracking performance in
multipath. In addition, other characteristics have also been
considered, including code tracking, initial synchronization for
acquisition, spreading code performance, and losses for
narrowband receivers.

Multipath Performance

Since performance in multipath involves a combination of
signal design and receiver processing, several different
processing approaches have been considered. Furthermore,
since new ideas for multipath mitigation processing are
emerging, signal characteristics that appear to benefit these
advanced multipath mitigation techniques are also considered.

Multipath Performance with Noncoherent Early-Late
Processing

Evaluation of early-late processing performance is based on a
static model with one direct and one reflected path, with a
multipath to direct path signal power ratio (MDR) that is
independent of delay. This model does not provide for the
probability distribution of (reflected) path delay or the
attenuation associated with each delay value. The results
shown here employ a MDR of —6 dB. The receiver is assumed
to have a four- or six-pole Butterworth band-limiting filter
with -3 dB points at the stated bandwidth (BW). The filter is
assumed to be phase-equalized so that the group delay is
constant. Non-coherent early-late processing (NELP) is
employed.

The results are provided as pairs of graphs for each
combination of receiver processing parameters and different
signals. The first graph is an error envelope showing
maximum and minimum bias error (computed over all relative
phases between the multipath and the direct path), for each
delay. Many of these error envelopes have oscillatory
components. The second graph is of the so-called running
error. This is computed from the area enclosed within the
multipath error envelope and averaged over the range of
multipath delays from zero to the plotted delay values.

Fig. 5 shows the multipath error envelope for the receiver
configuration of most interest, with 24 MHz pre-correlation
(double-sided) bandwidth and narrow early-late spacing of
A7=24.4 nsec, corresponding to a fraction d=0.025 of a 1.023
MHz spreading code chip period. Fig. 6 shows the
corresponding running average error, showing that both
MBOC waveforms provide typically smaller average errors
than either BOC(1,1) or BOC(2,2) waveforms. One of the
waveform options, TMBOC(6,1,4/33), shows an average error
less than those of any other option for all delays. An important
feature of all the MBOC waveforms is that the error envelope
diminishes at smaller path length delay values than for
BOC(1,1) or BOC(2,2). At longer path length delay values,

the MBOC waveforms provide lower average delays similar in
value to that of a BOC(2,2) spreading symbol.
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Fig. 5. Multipath Error Envelope for NELP Processing,
BW=24 MHz (4 pole Butterworth), A7=24.4 nsec
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Fig. 7 and Fig. 8 show the corresponding results for 24 MHz
precorrelation bandwidth, with a narrower early-late spacing
A1=12 ns, corresponding to d=0.0125 (proportion of a
spreading code interval). In these figures, the multipath error
envelope for a BPSK-R(10) spreading modulation has also
been provided. Note that the MBOC spectrum provides error
envelopes that are smaller than those for BPSK-R(10) for the
small values of path length delays (less than ~120 nsec). This
is the range of delays that are most common in many urban
environments and have lower values of attenuation (typically
less than 20-30 dB).



—BOC(1,1)
—BPSK(10)
—CBOC(6,1,1/11)
—TMBOC(6,1,4/33)

\II

A
%)

Multipath Envelope [m]

0 100 200 300 400 500 600
Multipath Delay [m]

Fig. 7. Multipath Error Envelope for NELP Processing,
W=24 MHz (6 pole Butterworth filter), d=0.0125 chips

3.5 _ :
- —BOC(1,1)
3 —BPSK(10)
=) Ry —CBOC(6,1,1/11)
E 5.8 \\ |—TMBOC(6,1,4/33)] |
P} S
TR \PA i
-1 Ne 15
15 \ e
= | ey
% li \ _\ T
E \\\ N:___R_
<05 . B

0 100 200 300 400 500 600
Multipath Delay [m]

Fig. 8. Average Error for NELP Processing, BW=24 MHz

(6 pole Butterworth filter), d=0.0125 chips

Fig. 9 and Fig. 10 show results for BW=24 MHz, with early-
late spacing of At=48.9 nsec (d=0.05). The running average
error of the MBOC waveforms are typically smaller than those
for the BOC(1,1) or BOC(2,2) options. The error envelope for
the MBOC(6,1,4/33) waveforms (TMBOC or CBOC) is
smaller than for all other options.
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Fig. 11 and Fig. 12 show corresponding results for a narrower
BW=12 MHz, with 47=48.9 nsec (d=0.05 chips). The average
error of the CBOC and TMBOC waveform options are
typically smaller than those for BOC(1,1) or BOC(2,2). The
average errors for TMBOC or CBOC(6,1,4/33) are smaller
than those for any other choice for all multipath delays.
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Fig. 11. Multipath Error Envelope for NELP Processing,
BW=12 MHz (6 pole Butterworth filter), d=0.05 chips
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Fig. 12. Average Error for NELP Processing, BW=12 MHz
(6 pole Butterworth filter), d=0.05 chips



The results for narrow correlator processors show that
TMBOC(6,1,4/33) provides slightly smaller errors than for the
CBOC(6,1,1/11) spreading symbol. This indicates that there is
an advantage in placing all the BOC(6,1) spreading symbols in
the pilot for certain applications. In every case examined, the
average errors for TMBOC(6,1,4/33) and CBOC(6,1,1/11) are
smaller than those for BOC(2,2) for all delays.

Multipath Performance with Double-Delta Processing

Like early-late processing, double-delta multipath mitigation
processing is a known processing technique that was designed
for BPSK-R spreading modulations, but may be applied to
more advanced modulations as well. The double-delta
technique considered in this section processes every edge.
Smaller multipath error envelopes may be obtained from
TMBOC and CBOC options by masking the BOC(6,1)
spreading symbols in the receiver replica, so that only
BOC(1,1) symbols are processed. This resulting code tracking
SNR after this masked symbol replica (MSR) processing,
when compared to the code tracking SNR that would be
obtained from an all BOC(1,1) pilot, would be a fraction of a
dB (0.4, 0.6, or 0.9 dB, depending upon time series
implementation) lower. The difference in tracking error would
be very small compared to other error sources, and all
spreading symbols would be used for data demodulation and
carrier tracking, thus making use of all the available power.

Fig. 13 and Fig. 14 show the multipath errors resulting from
double-delta processing with the same multipath propagation
model used previously. In these figures, the BW=24 MHz,
outer early-late spacing of 48.9 nsec, and inner early-late
spacing of 24.4 nsec. With MSR processing, the multipath
error envelopes for the MBOC options are the same as those
for BOC(1,1), whilst those from BOC(2,2) are consistently
larger. The multipath errors from double-delta processing are
much smaller than those from early-late processing.

Performance of Advanced Multipath Processing

A variety of advanced multipath mitigation techniques are
evolving to provide improved performance. It is expected that
further advances will be possible with new forms of spreading
modulations. There is no specific metric which provides for
the comparison of signals for advanced mitigation techniques,
we have considered two. The first of these is the root-mean
square (RMS) bandwidth of the spreading symbol, defined by

, fim

BW,.,(f)= | | 12-6(F)-df ©
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2
where é(f)is normalized for unit power over the signal

bandwidth being used, and f,,,is the double sided receiver
pre-correlation bandwidth.

Figure 15 shows the RMS bandwidth of the four spreading
modulations for a given receiver bandwidth assumed to have
rectangular bandwidths. The RMS bandwidths for the

TMBOC and CBOC options are the same or larger than the
RMS bandwidth for BOC(1,1) for all signal bandwidths, and
larger or almost as large as those for BOC(2,2) for signal
bandwidths greater than approximately 12 MHz. (High-
performance receivers would be expected to use bandwidths
much greater than 12 MHz.)

—&— BOC(1,1)

—+— BOC(2,2)

—e— CBOG(6,1,1111)
—&6— TMBOCG(B,1,4/33)

(A ]

) AN A

W

200 400 600 800 100
Multipath Delay {ns)
Fig. 13. Multipath Error Envelope for Double-Delta
Processing, BW=24 MHz (4 pole Butterworth filter),
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Fig. 14. Average Error for Double-Delta Processing,
BW=24 MHz (4 pole Butterworth filter), Early-Late
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Using a bandwidth of 12 MHz with one of the MBOC signal
options would provide greater RMS bandwidth than using a 24
MHz bandwidth with BOC(1,1). If receivers use bandwidths
less than approximately 12 MHz, they would lose a fraction of
a dB of signal power with TMBOC or CBOC, compared to
BOC(1,1).
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A second measure of performance for advanced multipath
mitigation is the number of waveform transitions in a code
repeat interval. These are affected by the spreading symbol
rate, the carrier offset frequency and the organization of the
BOC(6,1) and BOC(1,1) components. A detailed analysis of
this will not be given here. However, for the various options
considered here, there is a gain of between 2.0 dB and 3.5 dB
depending upon the specific waveform implementation used.

Summary of Multipath Performance

The multipath performance metrics indicate that TMBOC and
CBOC options can be processed to obtain smaller multipath
errors than BOC(1,1) for early-late processing. For the double-
delta processor, the multipath errors for the proposed
spreading symbol waveforms are the same as for BOC(1,1)
and better than BOC(2,2). Both TMBOC and CBOC
waveforms provide better potential for advanced multipath
mitigation processing than BOC(1,1).

Spreading Code Performance

The new L1 GALILEO OS and GPS L1C spreading code
family members have been designed for reduced side-lobe
levels in auto- and cross-correlation functions.

One of the metrics used to select the BOC(1,1) and BOC(6,1)
spreading symbols as waveform partners [13] is that these are
orthogonal. This can be used to improve the auto- and cross-
correlation performance. Therefore part of the design process
for TMBOC implementations will be to select the locations in
the code sequence where BOC(6,1) spreading symbols are
placed. Judicious placement introduces zeros into the
correlations at certain delays, providing a unique opportunity
for additional control over the correlation functions.

The first results of this joint design of TMBOC placement and
spreading codes has been completed for L1C. The pattern of
BOC(6,1) spreading symbols is as shown in Fig.3. The
sidelobe levels for crosscorrelations between L1C pilot codes,
using the original codes selected for BOC(1,1) spreading
modulations, and a different set of codes from the same family
selected for TMBOC are shown in Fig. 16. The results are
calculated using both even and odd crosscorrelations.
Compared to the baseline spreading codes, the maximum
crosscorrelation level is reduced by 0.1 dB, and its probability
of occurrence is reduced by a factor of 40. The sidelobe levels
at somewhat higher probability of occurrence are reduced by
more than 1 dB. Similar improvements are evident in Fig. 17
for the autocorrelation sidelobes.

Performance of Low-End Receivers

GPS L1C and GALILEO L1 OS signals are being designed to
benefit receivers that will make use of technology advances to
attain better performance, while continuing to support
receivers designed for minimal complexity. For example,
receivers that employ modest bandwidths and only use the
BOC(1,1) spreading symbols may offer lower cost and
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provide long battery life. The minimum double sided pre-
correlation bandwidth for a BOC(1,1) spreading symbol is
approximately 4 MHz — about twice that required for a C/A
code receiver [BPSK-R(1)]. For maximum multipath
mitigation performance, the widest pre-correlation bandwidth
provides the best performance. The BOC(6,1) component
improves the signal to noise ratio for multipath processing by
up to 3.5dB. For intermediate receiver precorrelation
bandwidths, the new signals continue to provide equal or
better performance than BOC(1,1) signals and near those
available from a BOC(2,2) spreading symbol. Compared to
BOC(1,1), the MBOC options provide almost the same
performance (within 0.4, 0.6, or 0.9 dB of power, depending
upon spreading time series implementation) to low-end
receivers.

Radio Frequency Compatibility

Since MBOC places more power at higher frequencies, it also
provides some additional benefits in radio frequency
compatibility. Compared to BOC(1,1), the MBOC(6,1,1/11)
spectrum has 0.7 dB less self-interference, and 0.3 dB less
interference to C/A code and SBAS receivers.



SUMMARY AND WAY AHEAD

This paper has described the optimized MBOC spreading
modulation recommended for GALILEO L1 OS and GPS
L1C. The MBOC design continues the trend in most
modernized signal designs to provide more power at higher
frequencies (away from the center frequency) in order to
improve code tracking and some aspects of multipath
performance. MBOC does this by adding a small fraction of
BOC(6,1) spectrum to the BOC(1,1) spectrum.

Since BOC(1,1) already has more high frequency power than
C/A code’s BPSK-R(1) spreading modulation, it already
provides performance benefits over BPSK-R(1). MBOC
provides additional benefits over BOC(1,1) including code
tracking in noise and multipath (when using -early-late
processing and advanced multipath mitigation techniques),
better spreading code performance than the baseline L1C
codes, less self-interference, better RF compatibility with C/A,
and less susceptibility to narrowband interference at the worst-
case frequency. These improvements are obtained through the
use of slightly more power at high frequencies, and receivers
with very narrow front-end bandwidths do not obtain these
benefits or use this signal power. Also, multipath mitigation
techniques like double-delta processing perform better with
BPSK-R(1) than with MBOC or BOC(1,1) for receivers with
narrower bandwidths. Thus, BPSK-R(1), BOC(1,1), and
MBOC provide different opportunities to trade performance
against support for simple receiver designs.

MBOC maintains compatibility with BOC(1,1) receivers,
since more than 90% of the power remains available to
BOC(1,1) receivers. Like BOC(1,1), MBOC provides good
potential interoperability between GPS and GALILEO, with
greater interoperability and compatibility achieved if the same
time waveforms and spreading code families can be employed.

Several different waveform options exist and can produce the
same MBOC(6,1,1/11) power spectral density, and evaluation
of these different implementation options is continuing. The
final choice between BOC(1,1) and MBOC as the common
spreading modulation for L1 OS and L1C awaits an
assessment of programmatic aspects.
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