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INTRODUCTION

Mr. Bob Marriott convened the September 11, 2007, Hubble Space Telescope (HST) Servicing Mission (SM) Network Support Group (NSG) splinter session meeting to discuss mission and payload requirements for the HST SM (STS-125) and the STS-400 rescue flight.  Mr. Jim Bangerter noted that the STS-125 and STS-400 missions will be discussed at the next NSG as well.
MEETING ITEMS

A. Mr. Bob Marriott stated that the topics to be covered at the meeting included the STS-400 Rescue flight and STS-125 HST SM flight requirements (Mission Control Center
[MCC] - HST Payload Operations Control Center [POCC], telemetry data, command, voice loops, verification/validation test plans, Payload Integration Plan (PIP) Annex 5 and Program Requirements Document [PRD] test requirements).  Mr. Marriott noted that in regards to STS-109, the last SM, there have been many changes to the network and control center infrastructure.  STS-125 cannot simply be supported as before.
B. Mr. Marriott provided an overview of the STS-400 rescue flight.  The Lead Flight Director (FD) is Mr. Paul Dye.  The Lead Ground Controller (GC) is Mr. Mike Marsh.  Endeavour will be on Pad 39B, ready to launch should STS-125, Atlantis, damage prevent safe re-entry of the vehicle.  Endeavour will launch 7 – 10 days after Atlantis.  Atlantis will launch from Pad 39B also.  Endeavour will rendezvous with Atlantis and grapple Atlantis.  The Atlantis crew will transfer via Extra Vehicular Activity (EVA).  This will be a 28.5 degree inclination launch; the first since 2001.  This is a Launch on Need (LON) mission timeline.
C. The STS-400 mission is in the PRD.  The PRD requires simultaneous support of two Orbiters (two onorbit or one onorbit and one Space Shuttle on the Pad).  Tracking and Data Relay Satellite System (TDRSS) support for relay of S-band and Ku-band forward and return links is similar for both Orbiters.  C-band radar tracking is required for both.  This is a scheduling and management issue to be worked.  Mr. Gary Morse asked if one Orbiter will be picked while the two are grappled.  Mr. Dye replied that one will be chosen and tracked.  Telemetry, command, and Air-to-Ground (A/G) communications will be required for both.  Mr. Tony Ceccacci commented that the current plan is for 1 hour of communications a day with the damaged vehicle to save resources.  The health of the damaged vehicle will be checked.  Rendezvous through rescue, dual communications will be required.  Mr. Ceccacci stated that it may take a while to make a full inspection of the vehicle and during that time, some HST SM operations will continue.  HST would be deployed on the launch day of STS-400.  Mr. Dye stated that this is different than other missions, where there would be 60 – 70 days between missions.  STS-400 will be ready to launch.  Mr. Joe Aquino asked how far into the STS-400 launch count it is planned to go.  Mr. Dye replied that it is not known at this time; the dual launch counts are an open work item.  Mr. Marriott stated that the PRD summary implies a requirement for dual K-band return links.  Mr. Ceccacci stated that simultaneous K-band links may not be required depending on the timeline.  Mr. Dye stated that there is no requirement to build new capability for simultaneous K-band downlinks.  Mr. Aquino stated that the infrastructure does not currently exist.  It was stated that the NASA Integrated Services Network (NISN) could work with GE Americom to call up another transponder.
D. Mr. Marriott discussed the Ground Network (GN) support assumptions.  During concurrent operations, the ground stations will be scheduled for either Orbiter (one Frequency Modulation [FM] downlink and one Ultra High Frequency [UHF] downlink only).  Mr. Marriott stated that there is question when passes are close together: what is the minimum time between the Loss of Signal (LOS) for one Orbiter and the Acquisition of Signal (AOS) for the other Orbiter.  Mr. Norman Reese accepted an action item to determine the minimum time between GN and Space Network (SN) LOS of one Orbiter and the AOS of the second Orbiter (action item HST-NSG-0907-01).  Mr. Marriott stated that the same voice loops (e.g., Site COORD, TN COORD, etc.) will be required for both STS-125 and STS-400 operations.  Mr. Norman Reese accepted an action item to determine if additional voice loops are required for dual Orbiter operations (e.g., Site COORD, TN COORD, etc.) (action item HST-NSG-0907-02).
E. Mr. Marriott discussed the SN support assumptions.  Mr. Marriott stated that dual orbiter coverage is required for all areas except TDS 275 (Zone of Exclusion [ZOE]).  One TDRS Single Access (SA) is required for each Orbiter.  Dual forward and return links are required.  Communications circuits and interfaces will have to be reviewed to determine if dual SA coverage can be supported.  Mr. Aquino stated that the requirement is implied in the PRD.  He asked if the capability exists without the Multiplexers/Demultiplexers (MDM).  Mr. Roy Warner stated that dual S-band support is provided now.  Ms. Pat Mattingly stated that an Interim Support Instruction (ISI) should be issued.  Mr. Bill Foster asked if OV-104 will use the standard (East) codes and the rescue vehicle will use the West codes.  Mr. Warner stated that dual LPAs are available and the SSC and user interface channels will have to be assigned.  Mr. Norman Reese accepted an action item to determine how frequency assignments for the Hubble and STS-400 vehicles will be documented (e.g., SSCs and user IF channels) (action item HST-NSG-0907-03).
Mr. Marriott stated that during concurrent operations, one K-band forward/return link will be required.  This is due to Radio Frequency Interference (RFI) issues.
F. Mr. Marriott reviewed the STS-400 verification/validation testing requirements.  During STS-124, a complete set of verification/validation tests using the Electronics Systems Test Laboratory (ESTL) to emulate the rescue vehicle in dual operations is required.  The objective is to verify dual Orbiter network interfaces, configurations, procedures, and services.  Mr. Morse stated that it will require two sets of all premission products.
Ms. Barbara Robichaux asked if both sets of products will be required by STS-124.
Mr. Rick Kraesig stated that is should be possible to use the products from a previous mission.  Mr. Marriott agreed that use of a previous missions products is a viable option.  
G. Mr. Marriott discussed prelaunch operations.  There will be two Terminal Countdown Demonstration Tests (TCDT).  Mr. Morse asked if there will be two readiness reviews.  Mr. Dye stated that the two will probably be combined.  The first time for simulating dual operations will be STS-124.  Mr. Aquino asked if the use of ESTL and the Portable Spacecraft Simulator (PSS) can be accomplished prior to STS-124.  Mr. Bangerter stated that PSS/ESTL requirements for STS-125/-400 that are above and beyond normal testing need to be identified and budgeted.  Testing will have to be supported while one Orbiter is in flight.  Mr. Chris Sally asked if these requirements will impact International Space Station (ISS) operations.  Mr. Bangerter stated that support to scientifics could be impacted.  There is a priority scheme in place.  Human Spaceflight (HSF) takes precedence.  The ISS priority could be moved down.  Contingencies and priorities will be discussed at the readiness reviews.  The statement was made that in the past, there was a problem in the MCC running ‘O’ loads with the same Orbiter number.  Mr. Marriott stated that STS-125 will be operated from the Red flight control room and STS-400 from the white flight control room.  

H. Mr. Marriott asked if there will be a need for K-band, Channel 3 support for both vehicles during close proximity operations.  Mr. Dye replied that it will not.  The damaged vehicle will remain powered down for the most part.  However, it there is no cost, it should be understood how such support would operate.  Mr.  Norman Reese accepted an action item to identify the constraints for simultaneous K-band usage (i.e., choke points) (action item HST-NSG-0907-04).  Mr. Norman Reese accepted an action item to form a working group to work dual support operations procedures (action item HST-NSG-0907-05).
I. Mr. Marriott asked how the telemetry links from HST to the Orbiter will be integrated.  The PDI supports 4- and 32-kbps and not 1 Mbps.  Also, there is no 500 bps support.  K-band, channel 2 does provide 1 Mbps.  Mr. Marriott asked how this is being documented.  Ms. Mattingly stated that the communications requirements are documented in the PIP Annex 5.  Mr. Mark Enright stated that the requirements are in Table 2-1; however, the information is not available online and the baseline document is due until January 2008.  Mr. Bickford stated that the data services are not required until L-7 months.  The voice are required earlier.  Mr. Marriott stated that the channels are available at this time and the documentation is required now, if the requirements are to be met.  Services will be needed much earlier to be ready for simulations.  Ms. Mattingly suggested that the voice requirements be placed in the PIP basic document and then she can input requirements to the Flight Payload Volume II, Basic document.  Ms. Robichaux asked if there are existing requirements.  Ms. Mattingly stated that those requirements are void.  The previous requirements can be reviewed as a basis for writing the new requirements.  The question was raised as to the loops needed for facilities and how many additional loops, total, are required for the mission.  Mr. Ken Jones stated that he currently has only 3 spares to the Goddard Space Flight Center (GSFC).  Mr. Tony Foster stated that the loops will have to be reviewed; some may exist already.  Mr. Marriott stated that he thought it was approximately 15 – 18 additional loops required for the last SM.  Mr. Jones stated that there are no analog ports in DVIS for adding loops.  Mr. Dave Campbell stated that there were loops; the loops were used for the last SM.  Mr. Marriott reiterated that the loops for the last mission are no longer available.  Ms. Robichaux stated that the loops are in the PIP.  Mr. Ken Jones accepted an action item to work with Mark Enright to determine the Delta in current voice loops and voice loops required for HST (action item HST-NSG-0907-06).
J. Mr. Dave Campbell provided an HST SM overview (refer to the presentation, Servicing Mission 4, Brief for the NSG).  

1. Mr. Campbell reviewed the SM4 manifest which includes replacing batteries, gyros, installing new instruments, and repairing instruments.
2. Mr. Campbell reviewed the potential EVA schedule.  There are five planned EVAs and time allotted for one unscheduled EVA.  

3. Mr. Campbell reviewed the HST status (batteries, gyros, fined guidance sensors, and equipment bay heating).

4. Mr. Campbell reviewed the HST SM4 crew, noted that some of the astronauts have previous SM experience.  
5. Mr. Campbell noted that the LON rescue mission to SM4 is new Space Shuttle planning changes, and its effects need to be determined.

6. Mr. Campbell reviewed the nominal operations communications, HST/Orbiter checkout communications, and proximity and attached operations communications diagrams.

7. Mr. Campbell reviewed the operations (ground system) driving requirements.
Mr. Campbell stated that nominal science operations will continue while preparations are made for the SM.  Coordination activities will be taking place with multiple entities (Space Telescope Science Institute [ST Sci], GSFC, Johnson Space Center (JSC), and the Kennedy Space Center [KSC]).  The ground system will be capable of interface verification and function al checkout of the replacement hardware during the same EVA or prior to the next EVA.
8. Mr. Campbell stated that Space Shuttle operations are conducted from JSC while HST operations are conduced from GSFC.  Nominal HST and SM operations are conducted from the Space Telescope Operations Control Center (STOCC).  STOCC facilities will support 12 simulations, 6 Joint Integrated Sims (JIS) with JSC, ground tests, and special onorbit activities.  He noted that some ground testing has begun.  The STOCC consists of the Flight Operations Team (FOT) control center, SM area, Auxiliary Operations Area, Backup Control Center (BCC), Auxiliary Support Room, and other support areas.  The HST ground system has 3 strings (operations, testing, and reserve).
9. The HST SM4 is a 10-day mission.  HST science will be terminated at launch.  Science will continue if the launch slips.  Mr. Campbell reviewed the Flight Day scheduled activities and EVAs.
10. Mr. Campbell stated that the Servicing Mission Integrated Timeline (SMIT) integrates STOCC, Orbiter, and crew activities into one timeline.  The SMIT was used successfully during previous missions.  The Command Plan is the next level of detail for STOCC commanding.  It is a mission script.  The Command Plan is the detailed execution plan derived from the SMIT.  Simulations and JISs will be in the SMIT.

11. Mr. Campbell reviewed the KSC planning meeting schedule.  Ground Operation Working Group (GOWG) meetings are conducted.  There was a GOWG in January 2007.  There are also Ground Safety Reviews.  

12. Mr. Campbell reviewed the hardware tests.  The hardware tests will verify the ability of the ground system, flight system, and timeline/command plan to support the SM.  Mr. Campbell reviewed the ground systems communication verification tests.
Mr. Marriott asked if there are unique End-to-End (ETE) testing requirements.
Mr. Tony Foster stated that there are three major ETE tests.  Mr. Marriott asked if the requirements are in the PIP.  Mr. Enright stated that the requirements would be in PIP Annex 5.  Mr. Marriott provided an example of a capability that no longer exists; the MILA TDRS Relay.  Mr. Ray Boatwright stated that MILA is working to restore this capability.  Mr. Morse stated that MILA is dedicated to restoring the capability and a target of opportunity for testing will be needed when the relay is ready.  Mr. Marriott asked when the testing requirements will be available and Mr. Tony Foster stated that the requirements are prepared.  Messrs. Tony Foster and Mark Enright accepted an action item to provide HST testing comm requirements by Sept. 14 (action item HST-NSG-0907-07).  Ms. Mattingly stated that when the requirements are in the PIP Annex 5, she will put the requirements in the Flight PRD, Basic or build a Flight PRD Annex.
13. Mr. Enright reiterated that the first version of the PIP Annex 5 is not due until January 2008.  There is an incomplete DRAFT at this time.  Mr. Tony Foster stated that the ETE testing is scheduled for some time after mid-February 2008.  Voice loops for simulations are needed sooner.  Ms. Robichaux asked if an agreement could be reached to provide the DRAFT, unsigned, sooner.  Mr. Aquino stated that there would be no funding; the PIP Basic is needed now.  Ms. Mattingly stated that a signed PIP Basic is funded.  Mr. Aquino stated that if there are known requirements needed today, it may become necessary for the program to work individual requirements if they cannot get in the PIP.
14. Mr. Campbell reviewed the ETE testing requirements.  Mr. Campbell stated that the dates in the presentation need to be updated.  (Editor’s note:  Mr. Campbell provided an updated presentation for posting to the NSG web site.).  ETE 1 will involve ESTL, MCC, STOCC, and the White Sands Complex (WSC).  ETE 2 will involve the Orbiter Processing Facility (OPF).  ETE 3 is a Pad ETE.  ETE 4 is a Mission Readiness Testing (MRT) to verify the Deep Space Network (DSN), GN, and USN sites.  An SN Operational Readiness Test (ORT) is planned.  SN verification/ validation testing is planned.  Mr. Marriott stated that the MCC has to have the commands, telemetry, etc for testing.  Mr. Craig Bickford stated that the items would probably be available at L-6 months.  Mr. Marriott stated that the MCC has to be ready on January 30, 2008.  There was also a discussion of the required pre-testing requirements and options.  ETSL testing prior to the ETE testing is an option that needs to be documented.  Testing such as MILA-OPF, K-band return, and other standard interfaces needs to be discussed.  Mr. Tony Foster noted that the testing of another payload injects constraints into the Orbiter flow.
15. Mr. Campbell reviewed the training program.  Mr. Marriott asked if the HST simulator will be integrated with the simulations at JSC.  Mr. Bickford stated that the telemetry will not be integrated with the simulations.  Ms. Robichaux noted that the first JIS is scheduled for April 2008.  Mr. Bangerter started that the schedules need to be distributed to the appropriate network personnel.  Mr. Norman Reese accepted an action item to develop a distribution list for the distribution of HST schedules and other materials as required (action item HST-NSG-0907-08).  Mr. Campbell noted that the POWGs are a good source of information.
K. Mr. Harry Wynn discussed communications requirements (refer to the presentation, HST Servicing Mission 4 Communications Requirements).  Mr. Wynn stated that the SN requirements are similar to previous missions.  Nominal science operations until launch.  Day-to-day science scheduling through the launch week.  HST communications will be though the Orbiter PI until release.  There will be Detailed Test Objective (DTO) for the Relative Navigation System (RNS).  There are no planned GN requirements for HST during STS-125.  The GN will operate in a contingency mode only.  The ground station set has been increased over the last 2 years (MILA, Wallops, Santiago [AGO], UNS Hawaii, USN Dongara, Canberra [CAN], and Madrid [RID]).  Mr. Al Levine asked how long proximity operations is planned after HST release.  Mr. Marriott replied that it is approximately 3 hours.  Mr. Levine asked that if an extended time is planned, Virtual Spacecraft (VS) operations should be considered.
L. Mr. Marriott asked if there is a set of HST dataflow block diagrams.  Mr. Bickford stated that there are none to the detail that the network needs.  Mr. Bangerter stated that it should be possible to have the new HST WG provide a set.  Mr. Norman Reese accepted an action item for the HST working group:  Create a top-to-bottom set of diagrams for HST testing (action item HST-NSG-0907-09).
M. Mr. Marriott asked if dual A/G loops will be required.  Mr. B. Foster stated that two sets of all voice loops may be needed.  Mr. Jay Lipford stated that it may be that the each Orbiter is on a separate link (one on the prime and one on the backup).  This would eliminate redundancy.  Mr. Norman Reese accepted an action item for the HST working group: Work issues related to the coordination of forward link and A/G loops for
STS-400 (action item HST-NSG-0907-09).
ACTION ITEM REVIEW

The following action items were assigned at the STS-125 and STS-400 splinter session:
HST-NSG-0907-01
Norman Reese/GSFC/HTSI/HSF

ACTION:
Determine the minimum time between GN and SN LOS of one Orbiter and the AOS of the second Orbiter.
DUE DATE:
10/15/07

HST-NSG-0907-02
Norman Reese/GSFC/HTSI/HSF

ACTION:
Determine if additional voice loops are required for dual Orbiter operations (e.g., Site COORD, TN COORD, etc.).

DUE DATE:
10/15/07

HST-NSG-0907-03
Norman Reese/GSFC/HTSI/HSF

ACTION:
Determine how frequency assignments for the Hubble and STS-400 vehicles will be documented (e.g., SSCs and user IF channels).

DUE DATE:
10/15/07

HST-NSG-0907-04
Norman Reese/GSFC/HTSI/HSF

ACTION:
Identify the constraints for simultaneous K-band usage (i.e., choke points).

DUE DATE:
10/15/07

HST-NSG-0907-05
Norman Reese/GSFC/HTSI/HSF

ACTION:
Form a working group to work dual support operations procedures.

DUE DATE:
09/20/07

HST-NSG-0907-06
Ken Jones/JSC

ACTION:
Work with Mark Enright to determine the Delta in current voice loops and voice loops required for HST.

DUE DATE:
09/20/07

HST-NSG-0907-07
Tony Foster/JSC, Mark Enright/JSC

ACTION:
Provide HST testing comm requirements by Sept. 14.

DUE DATE:
09/14/07

HST-NSG-0907-08
Norman Reese/GSFC/HTSI/HSF

ACTION:
Develop a distribution list for the distribution of HST schedules and other materials as required.

DUE DATE:
09/20/07

HST-NSG-0907-09
Norman Reese/GSFC/HTSI/HSF

ACTION:
For the HST working group:  Create a top-to-bottom set of diagrams for HST testing.

DUE DATE:
10/15/07

HST-NSG-0907-10
Norman Reese/GSFC/HTSI/HSF

ACTION:
For the HST working group: Work issues related to the coordination of forward link and A/G loops for STS-400.

DUE DATE:
10/31/07

(Original approved by)

Bob Marriott

JSC/GC Office
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