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ABSTRA CT

The objective of this study was to investigate the benefits
of extending narrow-correlator techniques, currently used in
some commercia applications (i.e., NovAtel), to P(Y)-code
military GPS receivers. An analysis was conducted on the
performance of standard C/A~code, narrow-correlator C/A-
code, standard P(Y)-code, and a hypothetical narrow-corre-
lator P(Y)-code GPS receiver. The effects of multipath on the
code tracking loops for each candidate syétem were analyzed.
Estimates of code loop ranging performance versus carrier to
noise density (C/NO) levels were obtained for each of the four
candidate cases. Both ground and aircraft multipath errors
were estimated. Differential GPS exror budgets were gener-
ated for each of the candidate systems. Issues such as GPS
Space Vehicle (SV) output RF bandwidth versus receiver
performance are considered and recommendations regarding
the GPS SVs are presented The study indicates that the addi-
tional improvemeats inoverall GPS receiver performance
obtained in commercia GPS receivers over standard
C/A~code receivers may be extended to military (P(Y)-code)
GPS receivers but only if the GPS SV spectral output is per-
mitted to increase.
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INTRODUCTION

The use of narrow-cmrelator spacing technology has
bun demonstrated in sae C/A-code GPS receivers and
improved ranging perfomance and multipath resistance
have been reported in thempen [iterature. One of the earliest
and key papers in the themy of narrow-correlator spacing in
GPS receivers, written byA. J. Van Dierendonck {1} et dl.,
describes the theory of apation for the NovAtel commer-
cia line of GPSreceives TASC has reviewed this paper
and extended the analysism a hypothetical narrow-correlat-
or PO-code GPS receiwt

As discussed in Refemace 1. the selection of one chip
correlator spacing in P(T3code GPS receivers was histori-
caly based on four issuer

1. The advantages in mse reduction are not present if a
tau-dithered Delay Lock Laop (DLL) is used. In such aloop,
asingle correlator is time shared for the early and late signals.
The noise that accompar®s these signals is uncorrelated be-
cause of the time lag berwem early and late signal-plus-noise
samples.

2. The early receivers were usualy of the P(Y)-code vari-
ety. Since aP(Y)code dip is already relatively narrow
(compared to C/A~code), zxuced correlator spacing makes
the DLL discriminator wxy narrow. It was feared that
Doppler and other distuences would cause loss of code
lock.

3. Narrower correlatarspacing requires faster clocking
of the early/late gating. Eedy in the GPS program, this was
amajor technological prolem.

4. Because the origizd! exror budget was dominated by
Space Segment eors, thedid not appear to be any ead-to-
end performance advantagein improved ranging performance.

With the advance of techmalogy, most current GPS receivers
perform early and late (arearly minus late) correlation si-
multaneously thus negatimgthe first issue. The concern over
loss of code lock has bems mitigated by the use of carrier-
aiding techniques. The #ixd issue will be overcome as
technology improves and faster A/D implementations be-
come available. The foushissue is addressed in this paper.

The advantages of *narrower correlator spacing in a
non-coherent DL | discrimimator include reduction of track-
ing errors due to noise andmultipath. Noise reduction is ob-
tained With narrower comelator spacing because the noise
components of the early mad |ate signals are correlated and
tend to cancel each otheg provided that the early and late
processing iS simultaneoms(not dithered). Multipath effects
are reduced because them-coherent DLL code discrimi-
nator isless distorted byde delayed multipath signal.

GPS Paformance Analysis

A narrow-correlator GPS receiver, as does a convention- -
al GPS receiver, uses samples from a comlator driven by an
“on-time” pseudorandom sequence and one driven by an
“early-minus-late” local sequencein a ‘dot-product” delay
discriminator. The pseudo random code sequence is used for
determining user position. For the ClA-code, the sequence
consists of 1000 nsec chips; for the P(Y)-code, the chips are
100 nsec, thus affording more precise ranging accuracy than
the C/A-code. Typically, the early and | ate sequences are
offset by one chip. In narrow-correlatar GPS receivers, the
early and late sequences are offset by aslittle asatenth of a
chip.

Pseudorange accuracy improves with reduced spacing
between the early and lace local code sequences be-cause the
noise in the early and late channels becomes partialy corre-
lated and tends to cancel out Asthe correlator spacing de:
creases. the dope of the code discriminator curve becomes
less steep, which results in a decreased range accuracy (see
Figure 1). The slope can be restored by increasing the re-
ceiver bandwidth (see Figure 2). The reason for the decrease
in discriminator dope, as the correlator spacing decreases,
isthat the cross-cerralation function for the local code and
the received code sequence becomes “rounded” near the
peak unlessthe passband of the RF and IF filtersarein-
creased.

Although ranging performance improves with a wider
passband, a wider receiver passband implies a higher sam-
pling rate (-20 MHz for a half-power bandwidth of 8 MHz).
Furthermore, the amount of data to be processed increases
significantly. C

Despite the increased bandwidth and data processing
burden, narrow-correlator technology offers severa sub-

stantial advantages in GPS receiver performance, as
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Multipath Error Budget

To estimate the impact on a measurement error budget,
the following assumptions were made:
1. Ground reflection: 20 dB Signal-to-Multipath Ratio
(SMR), uniformly distributed

2. Aircraft fusdlage reflection: 20 dB SMR exponen-
tially distributed. sigma=2.0m

The multipath contribution can be estimated by integrat-
iag over the corretator response. Figure 7(a) and (b) present
multipath error as a function of SMR for the ground reflec-
tion and aircraft reflection conditions. respectively. Taking
the muitipath errors at an amplituderatio of 0.1 (or 20 dB),
the measurement improvement is about 62 percent for the
ground reflection case and 13 percent for the aircraft reflec-

tion case.

The total GPS receiver measurement error budget for the
standard (one chip correlator spacing) P(Y)-code GPS re-
ceiver and ahypothetical narrow-correlator GPS receiver

are shown in Table 1. The analysis indicates that a 50 per-
cent reduction in receiver measurement error iS pos-
sible. .

ISSUES

To fully redlize the potential of narrow-correlatar
technology applied to P(Y)-code GPS receivers, severd is-
sues must be studied and potential changes made to the GPS
system. They are:

. GPS Satdllite Vehicle Transmitted RF Bandwidth

2. lonospheric dual-frequency delay compensation

techniques

3. Antenana performance over the larger RF bandwidth

4. AJD converter sampling rates and linearity require-

ments

5. Increased interference susceptibility due to a wider

RF receiving bandwidth

6. Interference and multipath susceptibility due to the
higher bandwidths and possible change of coherence
preperties of GPS signals reflected from terrain and
buiidings.

Table 1 Recelver Measurement Error Budget

PARAMETER STANDARD NARROW-CORRELATOR

Ranging Precision (m) 022

Ground Multipath (m) 0.23

Aircraft Multipath (m) 0.14

Receiver Error- RSS (m) 0.34
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* compared to a conventional ane~chip comrelater spacing GPS
receiver, notably:

« Significant improvement in rangeresoludon

o  Reduced susceptibility t0 multipath effects

o  Shorter recovery time after loss of track [2]

Fewer computations required for resolving wavelength
ambiguities in applications where carrier phase iSused
for ranging.

The latter is particularly important for kinematic GPS and at-
titude determination systems.

Narrow-correlator technology has a significant effect on
two magjor performance aspects. ranging precision and mul-
tipath susceptibility. Fit improvements in ranging preci-
sion are considered.

Improvements in Ranging Precision

An analysis was conducted comparing the ranging preci-
sion of four alternative receiver implementations (a 20 mil-
lisecond integration time was assumed for al four cases):

1. A standard C/A-code GPS receiver — 2 MHz band-
width, 1.0 chip spacing

2. A NovAtel C/A-code GPS receiver — 8 MHz band-
width, 0.1 chip spacing

3. A standard B(Y)-code GPS receiver - 20 MHz band-
width, 1 .0 chip spacing

4. An advanced P(Y)»code GPS receiver - 80 MHz
bandwidth, 0.2 chip spacing
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A ranging precision comparison is showa in Figure 3.
The ranging errorcurves show a potential improvement in
ranging precision (at nominal ¢/NO conditions) of about 23 -
percent for the advanced P(Y)-code GPS receiver over that
of a conventional P(Y)-code GPS receiver.

Multipath Rejection

The second area of major improvement is reduced sensi-
tivity to multipath. Figure 4(a) and 4(b) show the multipath
susceptibility for the standard and narrow-cot-relator
P(Y)-code GPS recelvers, respectively. Each plot shows the
range error, in meters, induced by multipath for various di-
rect-to-indirect amplitude ratios (AR) and phase differ-
ences. Note the significant improvement in multipath
rejection afforded by the narrow-correlator technology.

Optimal Correlator Spacing Design =

Resuilts from both analysis and experiments provide con-
clusive evidence that realization of the potential benefits
from narrow correlator spacing requires a pre-correlator
bandwidth substantially larger than the conventional 2/Tc,
where Tc is the chip duration. For the NovAtel C/A-code
GPS receiver, that bandwidth isnear 8 MHz, i.e., about 8/Tc.
As shown in Figure 5, that yields a minumum ranging uncer-
tainty for a cot-relator spacing close to 0.15 chips.

Scaling the NovAwl design data to those of a P(Y)-code
GPS receiver yields a bandwidth of 80 MHz, and an optimal
correlator spacing close to 0.2 chips, cf., Figure 6. Note that
C/NO is 3 dB less for the P-code case, due to lower trans-

mitted power. than for the C/A-code carrier.
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To effectively use the narrow-correlator technology at
P(Y}-code, the GPS signals transmitted from the SVs must
have an RF bandwidth as wide or wider than the receiver RF
bandwidths. This will require a change tothe GPS SV cir-
cuitry and may have other effectsin system operation, fre-
quency approval, etc.

The use of dual-frequency techniques to compensate iono-
spheric delays needs to be analyzed. Higher order effects may
need t0 be considered iN narrow-cormrelator GPS receiver de-
signs.

Antennas will need to provide uniform performance over
the entire GPS signal bandwidth or at |east their properties
must be studied and suitable compensation techniques applied.

Proper A/D circuitry and design will have to be implement-
ed to accommodate the higher bandwidths. Higher sampling
rates and improved linearity are needed

Interference and multipath susceptibility effects need to be
studied and thoroughly analyzed

SUMMARY

In summary, aarrow-correlator technology has potential
benefits to P(Y)~code GPS receivers but additiona studies
are required on both technical implementation issues and
operational impacts.
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