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ABSTRACT BODY:

In 2005, the L2C signal was introduced to improve the accuracy, tracking and redundancy of the GPS system for
civilian users. The L2C signal also provides improved SNR data when compared with the L2P(Y) legacy signal, com-
parable to that of the L1 C/A-code, which allows for better tracking at lower elevations. With the recent launch of
the first block II-F satellite (SVN62/PRN25), there are 8 healthy satellites broadcasting L2C signals, or 25% of the
constellation.

However, GNSS network operators such as the UNAVCO Plate Boundary Observatory (PBO) have been hesitant to
use the new signal as it is not well determined how tracking and logging L2C could affect the positions derived
from L2 carrier phase measurements for a given receiver. The L2C carrier phase is in quadrature (90° out of phase)
with the L2P(Y) phase that has been used by high-precision positioning software since the beginning of GPS. To
complicate matters further, some receiver manufacturers (e.g. Trimble) correct for this when logging L2C phase
while others (e.g. Topcon) do not. The L2C capability of receivers currently in widespread use in permanent net-
works can depend on firmware as well as hardware; in some cases receivers can simultaneously track L2C and
L2P(Y) phases and some can track only one or the other, and the resulting observation files can depend on how
individual operators configure the devices. In cases where both L2C and L2P(Y) are logged simultaneously, trans-
lation software (such as UNAVCQO'’s teqc) must be used carefully in order to select which L2 observation is written
to RINEX (2.11) and used in positioning. Modifications were recently made to teqc to eliminate potential confusion
in that part of the process; if L2C code observations appear in a RINEX (2.11) file produced by teqc, the L2 phase
and S2 SNR observations were from the L2C carrier for those satellites. To date L2C analyses have been restricted
to special applications such as snow depth and soil moisture using SNR data (Larson et al, 2010).

We use several different methods to determine the effect that tracking and logging L2C has on carrier phase mea-
surements and positioning for various receiver models and configurations. Our analyses use GAMIT and TRACK to
calculate positions and baseline lengths including zero-length baselines, position time series from a subset of 10
PBO stations that have been L2C enabled, phase residual comparisons and direct comparisons of the L2 phase ob-
servable. Twenty-four hour zero-length baseline solutions using L2 show sub-millimeter differences in the mean
positions for both the horizontal and vertical components. Direct comparisons of the L2 phase observable from
RINEX (2.11) files with and without the L2C observable show sub-millicycle differences over a 24 hour mean with
variations up to ~+0.06 cycles for satellites that broadcast L2C. Our results show that the magnitude of the varia-
tions increased at low elevations. Separate correlation of the L2 and L2C signals may explain this difference. The
number of L2 observations increased when the L2C observable was recorded, while the number of cycle slips
above 10 degrees in elevation decreased when L2C was recorded. The behavior of the L2P(Y) phase observations
or positions from a given receiver was not affected by the enabling of L2C tracking.
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200 day position time series (GAMIT)
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(Top) 200 day position time series for the PBO stations P033 (left) and P030 (right) with a linear trend
removed from each component (East, North , Up). Tracking of the L2C phase observable was enabled at

P0O30
5 | [ T T T T T T T
— . 1:100 mean =1.7 mm pbo mean=-1.7mm  L2C mean =-1.8 mm -
£ T PN Phase residuals (GAMIT)
c OF= @ slcens .. R PR SO FA ooa '."'.°'. .."' e 0 387 sl
5 « poo| " " . M i
pd e L2C pbo rms = 1.1 mm L2C rms = 1.1 mm
-5 : : : : : : : : : 7A00 — 7Y10 Phase Residuals for PRN 7 7A00 - 7Y10 Phase Residuals for PRN 24
0 20 40 60 80 100 120 140 160 180 200 01 . . . . . . . 01 . . . .
- 7A00 - 7A00
- 7Y10 + 7Y10
5 T T T T T T T 0.05 ] 0.05F ]
- 1:100 mean =1 mm pbo mean=-1.2mm  L2C mean =-1.2 mm W
= ) “ % ' .. 3 3 .':"...}.. .y '..:',-'.". \'.. "': % My A oA .'-...‘:" PLARG AT T QA Cycles
:E/ 0 :-.....,.. S .-:.:' .-.‘-..'6.......‘_. .,-..-..,_.'-'..:..- st e v.o.o..’ :J.'n..'. P 3 R o o .‘.':; g 0 g oF J'.'.:.:.,;ﬁttff.;;.g:-_}z::ﬂ??"-g.?.?'?sg&f{‘#f\ﬁ.-:.‘_:;.'.::.‘?;‘:ﬁ-“:‘:f;*-:::‘;.~._;,.*5..‘.";'._',i;,-f:,' ..:‘...s.:g,':m 7A00 - 7Y10
(5 | | | | pbo rms = 0.66 mm. L2(.) rms =0.64 mm —0.05 —0.05
_50 20 40 60 80 100 120 140 160 180 200
- 11 0 2IO 3I0 4IO 5I0 6IO 7IO 8I0 90 e 11 0 2IO 3I0 4I0 5I0 6IO 7IO 8I0 90
10 , , , , , , , , elevation (deg) elevation (deg)
. 1:190 r.neanfo.27 r.nm pk:o meqn:—so.42 mm . L2C mean = -0.4 mm .
E ol . .._ DRI W S0y E e Pt et 0.06 0.06
% ’ C obo rms = 1 r'r:m o L.ZC..rm:;O..QQ mm 0.04 .:mean = -0.000221 cycles 0.04 mean = 1.22e-05 cycles
% 2|o 4|o 6I0 slo 1c|)o 1éo 1;10 1e|so 1s|;o 200 0.02F et 0.02F
days g 0 ." / v ‘_):.}T";:‘_::"‘::- V_W n w-»-; e ,'. : I.--." "...'_'I,:,:'_.."‘ g O s i R A A AN A o P PR PP
-0.02 .. . B B -0.02
P030 -0.04+ -0.04+
mean = -0.019 mm
. 0.5 -0.06 ! ! ! ! I I I —0.06 ! ! ! ! ! ! I
e 10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
g . N LT . elevation (deg) elevation (deg)
5 The elevation-azimuth plot above shows the
_05 | | | | | | | | |
oo R s I e e e e 0 : : : : . differences between the phase residuals from
(Top) Phase residuals (in cycles) for PRN 7 (left) and PRN 24 (right) plotted with respect to elevation angle of : e Phast :
mean = 0.021 mm : : : : GAMIT processing with and without using the
1 the satellite. L2C is broadcast by the Block IIR-M satellite PRN 7, but is not broadcast by the older Block II1A :
€ : : : . : : L2C carrier phase observables. The figure
E 05 satellite PRN 24. Red circles show the phase residuals from GAMIT processing using the L2C carrier phase ob- , :
T o A R T DR . : : : . shows 31 tracked PRN’s over a 24 hour period.
ki T T servables when available from L2C broadcasting satellites. Blue circles show the phase residuals from GAMIT :
s : : : : . As expected the largest differences between
processing using only the L2 carrier phase observables from all satellites. Both the L2C and L2 carrier phase : ) :
. : : L phase residuals occur with satellite PRN num-
mean = ~0.011 mm observables were logged simultaneously using the same receiver/antenna combination.
> bers that broadcast L2C.
g 0 X aad “o'd“‘.":.‘.': %o “"'.":" v.‘:‘ :‘o A e o
£ h ° TN e T " . . . . . .
s 2f (Bottom) Shows the difference between the phase residuals with and with out using the L2C carrier phase
T TP TIITyramT e observable for PRN 7 and PRN 24. The variance of the difference is greater for the phase residuals from PRN
days

7, which broadcasts the L2C carrier phase. The variance of the difference for PRN 7 increases as elevation
angle decreases. This is likely due to increased noise in both the L2C and L2 carrier phase measurements at
low elevations. The mean of the phase residual differences for PRN 7 and PRN 24 are -2.2 x 10 cycles and
0.12 x 10 cycles, respectively.

day 100. Position time series were estimated using the L2C observables when available (green) and with
the standard L2 observables only (blue).

(Bottom) 200 day position time series with and without L2C enabled for PBO stations PO33 and P030
show sub-millimeter differences in the estimated horizontal positions and differences < ~3 mm in the

horizontal and < ~0.2 mm in the vertical components.
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The two figures above show direct comparisons of the L2 phase observable from two RINEX (2.11) files
separately translated from the same receiver over the same time period. The change in cycles between
each epoch for the L2 and L2C observables is differenced and plotted with respect to time (hours)
above. One of the RINEX files was translated by teqc using the +C2 flag to include the L2C observations.
The second RINEX file was translated to exclude the L2C observations. The figure on the left shows the
difference between L2 and L2C observations for PRN 12. The figure on the right shows the difference
between the L2 and L2C observations PRN 7.

The variance of the difference between the L2 phase measurement and L2C phase measurement in-
creases as elevation angle decreases. This is likely due to the increasing measurement noise from track-
ing satellites at low elevation angles. The L2 and L2C observables show sub-millicycle differences over a
24 hour mean with variations up to ~+0.06 cycles. The larger calculated mean for PRN 7 (-6.6 cycles) is
the result of a cycle slip that occurred at low elevation in L2, but did not occur in L2C.

Preliminary analysis of cycle slips in L2 and L2C have shown that slips occur more frequently at eleva-
tions >10° in the L2 observable than in the L2C observable. Analysis using teqc has also shown that the
number of observations increased when the L2C observable was recorded.
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The figure above shows the direct compari-
son of the L2 and L2C phase observables for
PRN 7 recorded by a different type of re-
ceiver. The noise characteristics of this re-
ceiver are clearly different.
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In addition to the direct comparisons of the L2 and L2C observables, we processed the GPS data with a g’so_ noise.
kinematic GPS processing software package (TRACK). The figures above show the estimated baseline g
between two RINEX files from the same receiver. L2C was enabled for one of the RINEX files and ex- * Summa Iy:

cluded from the other file. As expected, the baseline estimates using only the L1 phase observable (left)
are zero because the L1 observations in both files are identical. However, the baseline estimates from
the L2 observations (right) do vary significantly. The variance in the baseline estimates varies depending 21
on the number of visible satellites that broadcast L2C. The 24 hour zero-length baselines estimated
using the L2 observable show sub-milimeter differences in the mean.
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- Twenty-four hour zero-length baseline solutions comparing
L2 and L2C show sub-millimeter differences in the mean posi-
tions for both the horizontal and vertical components.
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- Direct comparisons of the L2 phase observable from RINEX
(2.11) files with and without the L2C observable show sub-
millicycle differences over a 24 hour mean with variations up
to ~+0.06 cycles for satellites that broadcast L2C.

(Top) In this figure, the y-axis (mm) has been ex-
aggerated to show the north and east compo-
nents in greater detail.

(Bottom) Elevation angle (degrees) vs. time (day
of year) for PRN’s that broadcast L2C over the
same 24 hour period as in the figure above.

- The number of L2 observations increased when the L2C ob-
servable was recorded, while the number of cycle slips above
10 degrees in elevation decreased when L2C was recorded.



