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Abstract- NASA is planning an engineering telemetry
demonstration with Mars Reconnaissance Orbiter (MRO).
Capabilities of Ka-band (32 GHz) for use with deep space
mission are demonstrated using the link optimization algo
rithms and weather forecasting. Furthermore, based on the
performance of previous deep space missions with Ka-band
downlink capabilities, experiment plans are developed for
telemetry operations during superior solar conjunction. A
general overview of the demonstration is given followed by
a description of the mission planning during cruise, the pri
mary science mission and superior conjunction. As part of
the primary science mission planning the expected data return
for various data optimization methods is calculated. These re
sults indicate that, given MRO's data rates, a link optimized to
use ofat most two data rates, subject to a minimum availabil
ity of90%, performs almost as well as a link with no limits on
the number of data rates subject to the same minimum avail
ability. Furthermore, the effects of forecasting on these link
design algorithms are discussed.
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1. INTRODUCTION

NASA's deep-space missions are now forced to use the 32
GHz Ka-band frequency due to lack of spectrum at 8.41 GHz
X-band frequency. Currently plans are in place to equip all
three of Deep Space Network's communication complexes
in Goldstone, California; Madrid, Spain and Canberra Aus
tralia with Ka-band receiving capabilities with enhancements
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to the 34-m Beam waveguide (BWG) antenna subnet. While
tests have been perfonned to evaluate the perfonnance of the
ground system, up to now no tests have been perfonned to
evaluate the performance and operability of the end-to-end
Ka-band linle. With the launch of Mars Reconnaissance Or
biter (MRO) in 2005 there is an opportunity to do so. MRO
has a fully functional independent Ka-band telemetry capabil
ity. This will allow the DSN to evaluate the end-to-end perfor
mance of the system as well as the operational methodology
that has been developed in various studies [1 ][2][3][4][10].

There are two parts to the MRO Ka-band demonstration:
cruise phase and primary science phase. During the cruise
phase the functionality of the Ka-band systems on the space
craft and on the ground is verified. Furthernlore, the experi
ment team's interfaces with DSN operations and MRO mis
sions are evaluated as to remedy any problems that may exist
in this area before the primary science phase. During the pri
mary science phase three different operational scenarios will
be evaluated: 1. Nominal link operations using link designs
based on long term monthly or weekly statistics. 2. Link
operations using short tenn forecasts. 3. Link operations dur
ing superior solar conjunction. This paper gives a detailed
overview of the experiment plan both during the cruise and
during the primary science phase of the mission.

This paper is divided in the following manner: In Section 2
a general overview of the Ka-band demonstration, including
the spacecraft hardware and ground tracking regime is given.
In Section 3 plans for the cruise phase are discussed. The
general link design approach using both long-tenn statistics
and short-term forecasts is presented in Section 4. Plans for
superior solar conjunction are presented in Section 5. Caveats
are discussed in 6. In Section ??, conclusions are presented.

2. MRO KA-BAND DEMONSTRATION: AN
OVERVIEW

NASA's Mars Reconnaissance Orbiter (MRO) is scheduled
for launch in August, 2005. The Mars orbiting spacecraft
will begin its primary mission in November, 2006, following
its cruise, orbit insertion, and aerobraking phases. There are
a number of sensors and a radar system onboard the space
craft conducting high resolution imagery, atmospheric sci
ence investigations, sub-surface remote sensing, and other
scientific observations. The primary mission is scheduled for
two years, followed by a two-year period when the spacecraft



will be used as a relay station between Mars probes and Earth.

The MRO spacecraft will transmit at X and Ka bands, but it
can only receive commands at X-band. The maximum ag
gregate downlink symbol rate that the spacecraft can support
is 6 Msps. This rate is greater than any deep-space mission
before it. In addition to the high-rate satellite-to-Earth link,
the telecom system supports a host of radio metrics includ
ing Doppler, ranging, and very long baseline interferometry
(VLBI). It uses a 3-meter, dual frequency, high gain antenna
(BOA) with power amplifiers that provide the antenna with
35 W of Ka-band power and 100 W of X-band power. The
spacecraft is also equipped with a relay telecom system forre
laying data between Mars probes and Earth. Figure 1 shows
the block diagram of the telecommunications and command
subsystem of the spacecraft.

The telecom downlink can be configured in several ways, in
cluding suppressed carrier and residual carrier signaling. For
forward error correction coding, two options of turbo codes
and Reed-Solomon codes exist. The Reed-Solomon code can
be concatenated with (7,1/2) convolutional code, and hlrbo
codes offer a range ofcode rates (1/2, 1/3, and 1/6) and block
sizes. Due to a design peculiarity, Ka- and X-band links can
not select the sante code fonnat when transmitting different
data -one will use hrrbo and the other Reed-Solomon. Al
though two options of QPSK and BPSK exist for data modu
lation, the Ka-band link will mostly employ the BPSK option
for the demonstration. Assuming all other parameters have
been fixed, the data rate can be varied to increase or decrease
the power margin of the lime.

The standard method of commanding the spacecraft in deep
space applications is to perform "background sequencing."
With this approach, the spacecraft is commanded once per
month to reconfigure its paranteters -particularly the telecom
parameters of interest in this paper. One of the key contribu
tions of the MRO Ka-band demonstration will be to vary the
link paranteters in response to short tenn weather forecasts
via a commanding approach known as mini-sequencing. With
mini-sequencing, telecom parameters of MRO, such as data
rate profile and mod index, will be changed weekly rather
than monthly.

3. KA-BAND OPERATIONS DURING THE CRUISE
PHASE

The main objective of the cruise operation is to perform func
tional tests. These tests will validate end-to-end Ka-band data
transmission and reception as well as confirm the appropriate
ness of the system operations. The ability to change telecom
parameters and observe their impact on the link will be ver
ified. Also the capability to perform background, mini, and
real-time sequencing will be validated. In particular, the oper
ations ofweather forecasting tools will be functionally tested.
Faults will be identified and corrected in time for the primary
science phase.

Figure 1. MRO telecommunications and commanding sub
system

During cruise, 10 passes are allocated for Ka-band tests. Cur
rent plan will employ the first 6 to conduct functional tests.
The last 4 are planned for quasi performance tests where the
link perfonnance will be measured. Performance passes may
be used as functional ones if the need arises during cruise op
erations. A preliminary plan for cruise tests is given in Table
1. Note that the passes in Table 1 will be scheduled with one
or two weeks between the passes to allow time for processing
ofthe collected data.

4. NOMINAL KA-BAND LINK OPERATION
DURING THE PRIMARY SCIENCE PHASE

The main goal of MRO Ka-band demonstrations is to illus
trate that a Ka-band telemetry link designed according to
the link design techniques developed previously [1][2][3][4]
could be operated reliably. These link design techniques at
tempt to maximize the average lime capacity with respect to
a given atmospheric noise temperature distribution. The at
mospheric noise temperature distribution could be based on
either long-term statistics or short-tenn forecasts. Further
more, because of limitations on the operational complexity
and limited capabilities of the spacecraft and ground equip
ment, the number of data rate profiles over which the average
capacity is maximized could be limited. In case ofMRO such
limitations exist.

MRO has a limited number of channel symbol rates with
a limited number of modulation indices. In addition, the
ground decoders for the turbo codes used by the spacecraft
have a limit on the maximum data rate at which they can pro
cess data. The limits on the channel symbol rate means that
most of the time suboptimum data rates (in tenns of maxi
mum average capacity) are used in the link design. It also
means that at higher data rates channel codes with higher
rates and thus lower performance (in terms of Eb/No for a
given error rate) are used. The limit on the maximum data rate
at which the ground decoders can process data also means



Table 1. Preliminary plan for Ka-band operations during the
cruise phase

Pass

Number

Activity

that at higher data rates the best channel code is not used. Fi
nally, the limited number of modulation indices means that
for a given data ratelchannel code combination the lowest
possible Pt/No, the total received power to noise ratio, value
could not be used when designing the link 1.

The first test to check out Ka-band

functionality. X-band is disabled. No rate

1 changes. Validate Ka-bad data reception,

range and Doppler measurements, receive

engineering data, radiometer observations

-5th week after launch

Functionality test at Goldstone to verify X

2 and Ka simultaneous operation and to verify

mod index change during a pass.

Ka-band ranging is off.

First Canberra functionality test. Also

verify turbo code on Ka-band, change mod

3 index in mid pass. This test may be used as

a quasi-perfonnance test using smaller mod

index.

The first Madrid functionality test, and the

4 first test to verify mid pass rate change.

X-band is disabled.

The first functional test for mini sequencing

5 and real-time commanding using mod index

changes, Goldstone.

Functional test at Canberra using mini

6 sequencing both on Ka- and X-band. Change

data rate in both channels.

Perfonnance test of real time commanding,

7 changing Ka-band mod index in mid-pass.

Non-interactive command is used, changing

only the mod index, Madrid.

This perfomlance test will generate frame

8 errors to detennine link threshold,

Goldstone. Real-time commanding may be

used.

This perfonnance test will generate frame

9 errors to detennine link threshold, Canberra.

Real-time commanding may be used.

This perfonnance test will generate frame

10 errors to detennine link threshold, Madrid.

Real-time commanding may be used.

Given these limitations, the set of data rates and their as
sociated Pt/No to be used for planning of the nominal op
erations during the primary science phase were selected in
the following manner: First it was detennined that the de
sired bit error rate (BER) for the link is 10-6 . Then for each
data rate the best code (in tenns of having th lowest required
Eb/No for the desired BER) that the equipment limitations
allowed was selected. Then from the set of available modu
lation indices the index which provided the lowest required
pt/No was selected. The results of this selection process are
shown in Figure 2. As seen from this figure with the avail
able modulation indices the lowest required pt/No is nearly
achieved for all data rates. This figure indicates that for data
rates of 800 kbps and below the (8920,1/6) turbo code could
be used on the link while for data rates of I Mbps and 1.5
Mbps (8920,1/3) code is used. For data rates between 2 Mbps
and 2.6 Mbps the channel code is the (8920,1/2) hlrbo code
while for data rate above 2.6 Mbps the stand-alone (255,223)
Reed-Solomon block code is used. This indicates that the
limit on the output symbol rate of the transponder on the
MRO requires the increase in the rate of the channel codes
that are used. This increases the required link E b/ No for the
required BER leading to the jumps observed in Figure 2. It
should be noted that there is a large gap in the available data
rates between 2000 bps and 32000 bps. This is due to the
fact that the data rates below 32000 bps are used primarily
for data transmission over the spacecraft's low-gain antenna
while data rates of 32000 bps and above are used for trans
mission of data on the high-gain antenna.

In order to evaluate the best way to operate the link, the data
rates and their associated Pt/No values were used to calcu
late the projected capacity of the MRO Ka-band link over the
duration of the experiment using four different optimization
methods. These methods, touched on briefly in [3] and [4],
are:

1. MR-O: This method maximizes the average data rate at a
given elevation regardless of the average availability of that
data rate or the number of data rates that the spacecraft has
used during a pass. A link designed in this manner has the
maximum average capacity.
2. MR-90: This method is similar to MR-O except that the
data rate selected at any given elevation is subject to a min
imum availability requirement of 90%. The spacecraft may
use as many data rates as necessary during a pass.
3. DR-90: This method maximizes the average link capacity
subject to the limit that at most only two data rates could be

1 It should be noted that with residual carrier modulation the link optimiza
tion has to be perfonned with respect to Pt / No as, ultimately, the optimiza
tion has to take place with respect to the total available spacecraft power and
not just what is available on the data channel.



As Ka-band system noise temperature is very sensitive to
change in the atmospheric noise temperature, it was decided

Figure 2. Required Pt!No vs. Data Rate, MRO, Residual
Carrier, PLL Loop BW=3Hz, BER= 10-6

The results ofthe optimizations as well as original data about
geometry of the spacecraft are shown in Figures 3 to 14. As
seen from figures 3 and 4, at southerly declinations (decli
nation less than zero) the view periods are longer for Can
berra than those for Madrid and Goldstone and at northerly
declinations the northern sites of Goldstone and Madrid have
longer view periods. Furthermore, these figures show that
as the view periods for a site get longer so does the maxi
mum elevation of the spacecraft relative to the site. This is to
be expected for objects that stay more-or-Iess in the plain of
ecliptic.

to use different atmospheric noise temperature distributions
at different times of year in order to reflect the effects of
seasonal changes on the capacity of the link. At first it was
decided to use monthly distributions. However, because the
monthly distributions tend to change abruptly from month to
month it was decided to generate a series of"sliding window"
distributions from the observations of the atmospheric noise
by Water Vapor Radiometers (WVRs) and Advanced Water
Vapor Radiometers (AWVR). These distributions were gen
erated in the following manner: The year was divided into
52 periods with the first period starting on January 1st. All
these periods except for the period starting on February 26th
(because it may include a leap day) and the period starting
on August 27th (selected arbitrarily to include an extra day
to cover the whole year) are 7 days long. For each period a
distribution was calculated using the WVR!AWVR data cor
responding to that period over the years as well as those corre
spondingto the periods immediately before and after it. Such
a distribution was then used with the optimization algorithms
discussed above for any day that fell in the distribution's cor
responding period of the year.

Figure 3. Mars Declination and Maximum Elevation for
Different Sites vs. Time
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In order to use these optimization techniques the elevation
profiles of passes throughout the experiment as well as the
distance of the spacecraft to Earth during those passes are
needed. As there are two Ka-band demonstration passes
scheduled per week, the distance and the declination of
Mars relative to Earth were obtained on a weekly basis from
12/1/2006 to 10/2412008 using Jet Propulsion Laboratory's
HORlZONS [5] System. Using the declinations obtained
from HORIZONS along with the latitude of the antennas of
~he ~4-m B,wG

z
subnet [6] elevation profile of MRO during

Its VIew penods for each 34-m antenna at each one ofDSN's
communication complexes were calculated on a weekly ba
sis, As currently the station time allocation for MRO Ka-band
demonstrations is not given at this time, it is assumed that if
a station is allocated to the Ka-band demonstration then it
is available during the whole view period of the spacecraft
for that station. Using this assumption, the four optimization
methods were applied on a weekly basis and the average link
capacity for each site was calculated over the period under
considerations.

use~ during the pass. Furthennore, at any given point in time
dunng a pass the spacecraft data rate has to have a minimum
availability of 90%.
4. ~R-90: This method maximizes the average link capacity
subject to the limit that only a single data rate could be used
throughout the pass and that the said data rate has to have an
availability of at least 90% at all times.

2 A view period for a station is defined as the period from when the space
craft rIses above 10 degrees elevation from the station's point of view to the
tIme that the spacecraft sets below 10 degrees elevation.

Figure 4 shows Mars-Earth distance as a function of time.
This figure along with figures 3 and 4 indicates that the



Figure 4. Mars View Period Durations vs. Time for Different
DSN Sites

Mars-Earth distance is at its maximum when Mars is at its
most southerly declination. This occurs roughly around end
of Decemberlbeginning of January in years 200612007 and
2008/2009. The bad weather for Madrid and Goldstone for
this time of the year along with short view period durations
and low maximum elevations for these sites combine to re
duce the average link capacity during these times signifi
cantly. This is shown in figures 6 and 7. As seen from these
figures, there is a significant change in the average capac
ity of the link for Goldstone and Madrid during MRO Ka
band demonstration period. As Mars gets nearer to Earth its
northerly declination combined with the shorter Mars-Earth
distance causes a change in the average capacity ofbetween 8
to 10 dB for Goldstone and between 11 and 13 dB for Madrid
depending on the optimization method. By contrast, for Can
berra, the shorter Mars-Earth distance effect is canceled out
by the shorter view period durations and lower maximum el
evations caused by the northerly declination of Mars. This
cause only a 3 to 4 dB swing in the average capacity of the
linle at Canberra.

As for the optimization methods, figures 6 through 14 indi
cate that:

• As expected :MR.-O optimization method has the highest
average capacity while SR-90 method has the lowest. Con
versely, MR-O has the lowest average availability and SR-90
has the highest.
• DR-90 has almost as high an average capacity as MR-90
and in some cases equaling it.
• While MR-O's average capacity is generally higher than
that for the other optimization methods, at very short Mars
Earth distances MR-O's average capacity is equal to the oth
ers. This is due to the limitations on the spacecraft data rates.
• While MR-O. and MR-90 use the whole view period, SR
90 and DR-90 do not necessarily do so. This is due to the

fact that these optimization algorithms consider all possible
passes starting above 10 degrees elevation and centered at the
meridian crossing in order to maximize the average capacity.
Therefore, these algorithms may indicate that the pass should
start and end at some elevation higher than 10 degrees so that
the average capacity could be maximized.
• MR-O has no constraints on the link's minimum availabil
ity; therefore, its average availability fluctuates wildly. How
ever, the other optimization methods are better behaved with
their average availability hovering well above 90%.

Given these observations it was decided that the best opti
mization method for the MRO Ka-band demonstration was
DR-90. DR-90 offers high reliability with near maximum
average capacity and slight increase in the operational com
plexity of the mission. It is expected that during the actual
mission, DR-90 method will be used to determine the data
rate profile for the passes at the beginning of each 28-day se
quencing period and that these data rate profiles will be pro
grammed onboard the spacecraft as part of its background se
quence for the two MRO Ka-band demonstration passes per
week.

Date

Figure 5. Mars-Earth Distance

Weather Forecasting

As mentioned above the optimization methods that are con
sidered for Ka-band link design during the primary science
phase operations optimize the pass data rate selection accord
ing to a given zenith atmospheric noise temperature distribu
tion. Figures 6 through 11 were generated using long-term
distributions obtained from previous observations of atmo
spheric noise. With forecasting, these distributions are gen
erated according to the forecast. The mathematical fonnu
lation of this idea was presented in [4]. Currently JPL is
working on an algorithm to convert meteorological forecasts
into atmospheric noise temperature distribution. The mete-



oTOlogical forecasts are generated by the Spaceflight Meteo
rology Group (SMG) of the National Weather Service located
at Johnson Space Center in Houston [11]. If the develop
ment offorecasting algorithm is successful, it is expected that
the capacity of the pass will increase during periods of good
weather and its availability will increase during bad weather.

Initial results ofthe algorithms under consideration have been
promising. Figure 15 shows two distributions obtained from
the forecasting algorithm for Goldstone along with the aggre
gate distributions based on long term observations for Gold
stone. As seen from this figure, the "good weather" distribu
tion has a very small range consisting oflow noise tempera
ture values. The "bad weather" distribution has the a larger
range than the "good weather" forecast but its range is still
smaller than that for the aggregate distribution. This indi
cates that the forecasting algorithm reduces the uncertainty
in the link. Furthermore, the lower noise temperahrre values
for the "good weather" distribution indicate that when" good
weather" is forecasted the lin1e capacity could be increased
significantly. Note that the "bad weather" distribution is al
most identical to the aggregate distribution for noise temper
ature values above 90 percentile level. This means that with
"bad weather" the performance of a link designed for a mini
mum of 90% for the "bad weather" distribution is going to be
nearly identical to the perfonnance of a link designed for the
aggregate distribution. These point are il1ustrated in Table 2.

Table 2 compares the performance of a link designed accord
ing to MR-90 method for the aggregate distributions with
those designed according to MR-90 method for the forecasted
distributions under the conditions when the forecasted distri
bution applied for a spacecraft with MRO 's Ka-band capabil
ities at 2.4 au distance with zero declination. As seen from
this table, when the "good weather" distribution applies, by
using the forecasted distribution instead of the aggregate dis
tribution the average link capacity is increased by 0.67 dB
while the link availability is only slightly decreased. Con
versely, when the "bad weather" distribution applies, by using
the forecasted distribution instead of the aggregate distribu
tion both the average capacity and the availability are slightly
increased.

It is expected that at least an engineering version of the
forecasting algorithm to be available during MRO Ka-band
demonstration for all three DSN sites. It is expected that for
a period of time forecasts generated by these algorithms will
be used to generated mini-sequences for at least one pass a
week to validate the effectiveness of these algorithms.

5. SOLAR CONJUNCTION EXPERIMENTS

The objectives ofthe solar conjunction experiment are 1) to
evaluate Ka-band performance as a function ofsolar elonga
tion angle by comparing against the concurrent X-band per
fonnance), and 2) to measure any degradation to the link
that may occur during solar coronal transient activity such
as coronal mass ejections. The Solar Conjunction Experi-

Table 2. Data Return and Average Availability for Different
Forecast Distributions and Data Rate Profiles, MR-90 Link

Design Method

Avg. Avg. Avg. Avg.

Dist. Cap., Avail. Cap., Avail.

Forecast Forecast Aggregate Aggregate

"Good" 107.51 0.980 106.84 1.000

db-bits dB-bits

"Bad" 106.65 0.968 106.63 0.952

db-bits dB-bits
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Figure 6. Goldstone Average Link Capacity vs. Time for
Different Optimization Methods

ment will characterize solar charged-particle effects on the
Ka and X-band signal links (carrier and telemetry), as well as
evaluate relative performance between Ka-band and X-band
as a function of SEP angle3

. Since solar effects are much
smaller at Ka-band, the advantage of using Ka-band over X
band has been demonstrated in past missions using carrier
signals [7][8][9]. During the MRO solar conjunction experi
ments, the use ofcarrier signals will be further demonstrated,
but it will also be the first time that solar charged particle
effects to spacecraft telemetry is expected to be comprehen
sively measured at Ka-band using MRO's telemetry channel
links. An X-band telemetry link using BPSK begins to de
grade near 2 deg SEP angle. At Ka-band, it is predicted that
the link would start to degrade somewhere near 1 deg, where
solar effects are comparable to that of X-band at 2 deg [10].

There are two solar conjunction experiments for which Ka
band experiments are planned. The first solar conjunction ex-

3SEP angle is the Sun-Earth-Probe angle which is the angle subtended by
the spacecraft to the center ofthe solar disk as seen by the observer on Earth.
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Figure 7. Madrid Average Link Capacity vs. Time for Dif
ferent Optimization Methods
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Figure 9. Goldstone Average Pass Availability vs. Time for
Different Optimization Methods
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Figure 8. Canberra Average Link Capacity vs. Time for
Different Optimization Methods

periment will be conducted during October and November in
2006 during which the SEP angle will lie below 5 deg. During
this experiment, the spacecraft will be configured in a quiet
operational mode, during which no formal science data down
link is planned. The planned mode for both frequency bands
will be one-way or non-coherent, that is to use the on-board
Ultra-Stable Oscillator (USO) as the signal reference. The
prime DSN station preferred for these experiments is DSS
25 at Goldstone California, whose desert climate presents a
minimum of weather-induced troposphere effects on the Ka
band signal. The first solar conjunction Ka-band experiment
will consist of one pass per day between October 8, 2006 and

Figure 10. Madrid Average Pass Availability vs. Time for
Different Optimization Methods

November 7, 2006, a span of one month, where the SEP an
gle will lie below 5 deg. The minimum SEP angle for the
2006 solar conjunction is expected to be approximately 0.39
deg on October 23, 2006. For SEP angles below 1 deg, the
Ka-band link using conventional BPSK is expected to begin
to degrade. Planned tests for SEP angles of 1 deg and below
include testing simulated FSK using the carrier. Demonstrat
ing information flow through the solar corona using simulated
FSK (even at very low rates such as l/sec) will be useful for
future solar conjunctions with similar minimal SEP angles. In
addition, dual-frequency (differenced Ka-band and X-band)
Doppler and possibly ranging data will be analyzed. Solar
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Figure 11. Canberra Average Pass Availability vs. Time for
Different Optimization Methods

Figure 13. Madrid Pass Duration vs. Time for Different
Optimization Methods
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Figure 12. Goldstone Pass Duration vs. Time for Different
Optimization Methods

Figure 14. Canberra Pass Duration vs. Time for Different
Optimization Methods

plasma effects are expected to be small in the solar polar re
gion and during this period of solar minimum. This solar
conjunction is expected to also occur near a minimum of the
solar cycle. We will use high margins in order to adequately
characterize and capture solar effects to the data. A similar set
of experiments is expected to be conducted during the solar
conjunction of November 18 to December 24,2008.

The closed-loop receiver will be configured appropriately for
solar conjunction signal conditions, including widening the
loop bandwidth as appropriate to accOlmnodate signal fluc
tuations. The telemetry modulation index and received loop

bandwidth parameters will be carefully chosen to allow for
adequate carrier margin to overcome increased thermal noise,
allow for spectral broadening of the signal, and to allow for
reasonable data rate in the telemetry channel with sufficient
margin. One goal ofthis experiment is to see how low in SEP
angle we can go to maintain carrier lock and achieve reason
ably reliable telemetry. The signal will experience significant
degradation due to solar charged particles such as scintilla
tion and spectral broadening as the SEP angle falls below 1
deg for Ka-band. The use of open-loop receiver carrier data
will allow signal fluctuations to be carefully measured which
can be correlated against telemetry frame error rates.
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during the cruise phase are designed to validate the function
ality ofthe Ka-band equipment onboard the spacecraft as well
as validating the proposed methods of link operation for the
primary science phase. Analysis is also presented regarding
the expected link performance under various link optimiza
tion methods. Based on the results of this analysis, during
the primary science phase an optimization method that uses
at most two data rates with a minimum availability of 90% is
deemed satisfactory. Furthermore, it is expected that during
the primary science phase the benefits of short-tenn weather
forecasting algorithms will be demonstrated. During supe
rior solar conjunction, MRO Ka-band demonstration is ex
pected to document the Ka-band telemetry link performance
as a function of solar elongation angle and to measure the per
formance degradations that may occur due to transient solar
event.
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6. CAVEATS

While the initial analysis presented here has provided a guide
line as to how the Ka-band linle will be operated during MRO
Ka-band demonstration. However, as of this writing, certain
factors that should be considered during the actual demon
stration remain unknown. First of all, it is not clear if the
forecasting algorithm will be fully functional (or for that mat
ter fully funded) during the experiment. Furthermore, up
dates and upgrades to NASA's Deep Space Network require
that the models that were used for optimization in Section
4 to be updated. Furthennore, the models presented in Sec
tion 4 assume that the whole view period is allocated to the
experiment. In reality, only a portion of the view period is
allocated to the pass. This means that during the primary
science phase optimization algorithms should be run to opti
mized the capacity of the link according to the allocated pass
time and not view period duration. Furthennore, the opti
mization algorithms presented here do not take into account
outages due to occultations that occur as the spacecraft or
bits Mars and changes in the link performance due to ranging
and uplink activities. During the planning it is OK to ignore
such changes on the link. However, during the actual oper
ations these changes should be characterized accurately and
be considered in the link design. Finally, operationallimita
tions that the MRO mission may impose on the experiment is
still in a state of flux. However, as the launch date for MRO
approaches these limitations will become better defined and
will be considered during the link design.

7. CONCLUSIONS

In this paper plans for Ka-band operations during Mars Re
connaissance Orbiter Ka-band demonstration in order the il
lustrate the operational feasibility of Ka-band for receiving
telemetry from deep space missions were presented. Plans

This work was performed at Jet Propulsion Laboratory, Cali
fornia Institute ofTechnology, under a contract with National
Aeronautics and Space Administration.
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