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1.0 CONNECT FUNDING OPPORTUNITY DESCRIPTION
1.1 Overview
NASA invites proposers to participate in the development, integration, and research experiments of the Communication, Navigation, and Networking reConfigurable Testbed (CONNECT) Project. This International Space Station (ISS) Testbed will provide an on-orbit, adaptable, SDR/STRS-based facility to conduct a suite of experiments to advance technologies, reduce risk and enable future mission capabilities. The CONNECT Project will provide NASA, industry, other Government agencies, and academic partners the opportunity to develop and field communications, navigation, and networking technologies in the laboratory and space environment based on reconfigurable, software defined radio platforms and the Space Telecommunications Radio System (STRS) Architecture. The CONNECT testbed will consist of reconfigurable software defined radios, RF systems operating at S-band, Ka-band, and L-band, and command and data handling and networking systems. The flight experiment option will advance the Technology Readiness Level (TRL) of laboratory SDRs, the STRS standard, proposed waveforms, access schemes, architecture flight software, and operational concepts.
From this NASA Research Announcement (NRA) opportunity, NASA intends to make awards to jointly develop, integrate, and operate the CONNECT Testbed for both ground and flight.  This experiment provides industry an opportunity to gain valuable flight experience of potential new products, and raise the TRL of space products.  NASA will benefit from the opportunity to assess new concepts and technologies of interest to NASA missions such as future GPS signal assessments, high data rate operation at Ka-band, reconfigurable SDR technology (including low cost and low power S-band and Ka-band transceivers), and STRS standards development and TRL advancement.  Because of the nature of this opportunity, NASA anticipates that the majority of awards resulting from this announcement will be cooperative agreements or contracts with significant cost sharing.  However, the Government reserves the right to determine the appropriate award instrument for each successful proposal. 
The CONNECT payload is an experiment planned for installation on an Express Logistics Carrier (ELC) located on the exterior truss of the International Space Station (ISS). The payload is planned to launch aboard a space shuttle flight, as early as January 2010. Offerors may submit proposals to participate in the investigation, evaluation, and characterization of STRS compliant SDRs, RF systems, and SDR/STRS-based applications (e.g., GPS, networking) for NASA space missions by providing CONNECT payload elements such as SDRs, RF/antenna systems, and networking technologies. Proposals should include activities related to the CONNECT ground testbed and payload developments including systems engineering, development, integration, and operations support. Offerors are encouraged to include mature flight products at mid-to-high technology readiness levels in their proposals if necessary to meet the short development schedule.  
The major elements and objectives of the payload are described in this solicitation and accompanying requirements documents. The exact configuration of the payload will be determined by a combination of the system requirements (goals and objectives) provided in the solicitation and the availability of industry products/solutions which meet those requirements at an acceptable cost.
1.2 Research and Technology Interests
The CONNECT testbed and payload will consist of reconfigurable and reprogrammable software defined radio transceivers/transponders operating at S-band, Ka-band, and L-band, along with the required RF/antenna systems necessary for communications. The overall CONNECT on-orbit system is described in Appendix A. The CONNECT payload is described in Appendix B. The CONNECT ground test-bed will emulate the functions and operation of the CONNECT payload. This solicitation invites proposals for participation in the CONNECT Project through the following research and technology areas:
1. Software Defined Radios

Software defined radios operating at S, L, and/or Ka-band
2. RF/antenna Systems

L-band receive RF/antenna system
S-band transmit/receive RF/antenna system
Ka-band transmit/receive RF/antenna system
3. Data Manager/Router

On-board data management function and payload networking
The CONNECT Project plans to integrate four SDRs onto the CONNECT payload. The Jet Propulsion Lab will provide one radio operating at S-band and have an associated L-band capability. Johns Hopkins University, Applied Physics Lab will provide one radio operating at S-band and Ka-band. The proposed RF systems should include the two NASA provided radios described above and the two SDRs anticipated to result from this NRA. NASA anticipates that the proposals received from this solicitation will provide SDRs for the remaining two SDR positions as well as associated RF and antenna equipment.
NASA will consider proposals for participation in each area, as indicated below. The associated SDR, RF/antenna, and Data Manager documents incorporated in this NRA set forth NASA’s specific goals for the hardware. The anticipated Environment Parameters for all exposed hardware is provided in an Environment guidelines document. The table below illustrates possible alternatives that may be proposed toward this NRA. Each alternative describes a different SDR and/or RF/antenna or data manager configuration.
TABLE 1.—TECHNOLOGY AREAS OF INTEREST
	
	
	
	
	
	
	
	

	Alt
	Capability
	Base award
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	
	
	
	
	
	
	
	

	A
	SDR operating at
S-band
	Breadboard and Engineering Model
	Flight unit
	
	
	Additional Waveforms
	Engineering Model and Flight Unit for future flight opportunity

	B
	SDR operating at
S-band and L-band
	Breadboard and Engineering Model
	Flight unit
	Lab RF

L-band
	Flight RF System at L-band
	Additional Waveforms
	

	C
	SDR operating at
S-band and Ka-band
	Breadboard and Engineering Model
	Flight unit
	
	
	Additional Waveforms
	

	D
	SDR operating at
S-band, Ka-band,
L-band
	Breadboard and Engineering Model
	Flight unit
	Lab RF

 L-band
	Flight RF System at L-band
	Additional Waveforms
	

	E
	Data Manager/Router with Networking 
	Breadboard and Engineering Model
	Flight unit
	
	
	
	

	F
	RF/antenna for S-band 
	Flight unit
	Engineering Model
	
	
	
	Flight Unit and engineering model for future flight opportunity

	G
	RF/antenna for
Ka-band
	Flight unit
	Engineering Model
	
	
	
	


Each SDR alternative will consist of a base award along with options to increase the technology maturity for flight.  NASA anticipates that the base award for SDRs will be a breadboard and engineering model and options for the flight SDRs and additional waveform development with options for ground based or flight based operation. Costs should be provided for the base award and each option individually.  The base award for RF/antenna systems is anticipated to be flight units and options for the breadboard and engineering models for lab testing. Available budget and proposed costs will drive the availability of funding for the different options. Option 5 in each case refers to future flight opportunity of the proposed technology. The future flight is envisioned in the 2011 timeframe consistent with the requirements and goals in the CONNECT NRA solicitation.
· Notes: To participate, offerors do not have to provide products or proposals to all aspects or alternatives to be considered. Offerors may propose to just one specific aspect/alternative or may propose to more than one of the alternatives based on their technology readiness and ability to meet schedule.

· Cost shall be provided for individual alternatives and options. NASA encourages proposals that provide an integrated system of the SDR and RF/antenna subsystems. Cost and schedule savings to NASA to select both the SDR and RF/antenna proposals from a single company (or team) should be noted. Integrated proposals for combined SDR and RF/antenna systems may deviate from the suggested formatting provided in the table, but shall itemize and separate costs according to separate options. Offerors providing SDRs operating at L-band shall provide a proposal option for the RF/antenna subsystem which supports a total of two radios (the proposed radio and one other) operating at the same L-band frequencies for Global Positioning System (GPS) signal reception.
To evaluate different radio configurations on-orbit, NASA desires that one industry SDR operate at S-, Ka-, and L-band and the other operates at a minimum of S-band and Ka-band. Depending on the proposed systems and cost, NASA may select other alternative configurations to fit the allotted schedule and budget. For design and cost purposes, offerors should assume that one NRA proposed SDR operates at S-, Ka-, and L-band and the other SDR operate at S-band and Ka-band. Also assume that the radio provided by APL operates at Ka-band in the transmit direction only (no Ka-band receive). The RF systems will be finalized once the third and fourth SDR configurations are selected.
Table 1 illustrates the different areas that offerors may propose to participate in and provide payload hardware for the CONNECT Project.  Figure 1‑1 illustrates the announcement and a sample of the key requirement document tree associated with each area released as part of this solicitation. The full set of requirements documents (e.g., ISS, ELC, safety, quality assurance) are provided as references and are not illustrated in the diagram. 

[image: image1]
Figure 1‑1: CONNECT NRA document tree.

1.3 Award Format

NASA anticipates that each research and technology award from this NRA will consist of a) participation in the CONNECT project, b) development and delivery of breadboard hardware/software, engineering model (EM) hardware/software and flight unit hardware/software, c) associated integration support, and d) experiment participation and support. 
The Government/industry collaboration approach for participating in each area is as follows:

The Government anticipates a cooperative agreement award for the hardware provided under the base award or option (e.g., breadboard, engineering model ground units, and associated ground test bed integration support, flight unit hardware, software, and associated integration support of flight unit to the CONNECT payload). However, contract awards may be made for certain proposals where cooperative agreements are inappropriate. The Government reserves the right to decide appropriate agreement based on maturity of technology, degree of cost sharing proposed, actual deliverables, and need.
The Government may award contracts or cooperative agreements to exercise Option 5 of each alternative as described in Section 1.2 to provide engineering model ground units, qualification unit, and flight unit and associated integration support of ground test-bed and flight unit for the future flight opportunity payload. The proposal and cost for Option 5 shall be valid for a minimum of 14 months. Future flight opportunity is anticipated in the 2011 timeframe, pending program advocacy, funding approval, and approved launch manifest. Cooperative agreements may be made for certain proposals selected under Option 4 where contracts are inappropriate. The Government reserves the right to decide appropriate agreement based on maturity of technology, degree of cost sharing proposed, actual deliverables, and need.

The NRA may make multiple awards as needed for the CONNECT on-orbit payload, flight backups, or to include in the CONNECT ground testbed portion of the project. The CONNECT project and this NRA will maximize industry involvement and participation. 
1.4 NASA Safety Policy
Safety is the freedom from those conditions that can cause death, injury, occupational illness, damage to or loss of equipment or property, or damage to the environment. NASA’s safety priority is to protect: (1) the public, (2) astronauts and pilots, (3) the NASA workforce (including employees working under NASA award instruments), and (4) high value equipment and property.
1.5 Availability of Funds for Awards
Prospective offerors are advised that funds are not currently available for award of all elements of this NRA.  The Government’s obligation to make award(s) is contingent upon the availability of funds from which payment can be made and receipt of proposals that NASA determines are acceptable for award under this solicitation.

2.0 AWARD INFORMATION
Industry involvement has been an important part of the STRS architecture development since its inception. The STRS architecture has been strengthened through activities such as NASA Industry days and ongoing efforts through industry led standards bodies. Likewise, the CONNECT Project offers participants the opportunity to ground and flight test products while assessing their impact to NASA’s space needs. A few of the elements/activities that NASA may provide and conduct with the selected partners include:

2.1 NASA Provided Elements
CONNECT Payload Development and Ground Test Bed Phase

· Review and discussion of NASA’s objectives and requirements of CONNECT payload and how it relates to future needs in reconfigurable SDRs and their related applications such as GPS navigation, networking, and communications (e.g., Ka-band) technology and operations
· Review and discussion of NASA’s SDR STRS reference implementation

· Integration of delivered hardware to CONNECT ground testbed

· Develop and conduct ground testbed and on-orbit experiment plan

· Advance industry provided SDR/STRS and RF/antenna products to TRL-5/6 (i.e., demonstration in relevant environment)
· Present the CONNECT Test Bed objectives, progress, and results to NASA programs and projects.

· Provide ground product performance/results feedback to company

CONNECT Flight and Experiment Phase

· Integration and test of delivered hardware to CONNECT payload and Express Logistics Carrier (ELC)

· Launch of the provided hardware aboard a space shuttle flight to ISS

· Installation, and operation of provided hardware on ISS

· Develop and conduct appropriate mission/payload reviews and documentation required for flight hardware (e.g., Mission Preliminary Design Review, Mission Critical Design Review, Safety and Flight Reviews)

· Payload Mission/Quality Assurance

· Advance industry provided SDR and RF/antenna products to TRL-7/8 (i.e., long duration space experiment). NASA missions assess product TRL when identifying technology readiness for future missions

· Present the CONNECT payload flight objectives, progress, and results to NASA programs and projects.
· Provide companies access to the ISS on-orbit CONNECT testbed to test new software or firmware during the experiment phase
· Schedule dedicated time to partner companies to conduct their own experiments to a) assess in-flight hardware/software/firmware, b) evolve/test company software and firmware products in the space environment, and c) to develop new company products and capabilities, demonstrated in space environment
· Demonstrate STRS complaint radio in space environment achieving TRL-7/8
· Assess future (L2, L5) GPS signaling and reconfigurable receivers in flight environment

· Provide interaction with NASA engineers to help define interfaces and standards for SDR technology for future NASA missions, leading to refined STRS Standard definition.

· Better understand requirements and needs for SDR technology for future missions

· Provide flight product performance/results feedback to company

2.2 Industry Provided Elements
Offerors shall provide the following under a Cooperative Agreement or Contract award as appropriate. Details of the provided hardware elements are described in the requirements and/or milestone portion of this NRA solicitation.

· Research and development of hardware (e.g., SDR/STRS, RF/antenna system, data manager/router)

· Assessment of provided hardware in ground test bed (emulating flight environment) and/or flight environment
· Breadboard hardware (e.g., SDR, RF/antenna system, data manager/router)
· Qualification/Flight or protoflight hardware (e.g., SDR, RF/antenna system, data manager/router
· Space qualification testing of delivered hardware
· Provide hardware/software mission and safety assurance

· Systems engineering and integration support to CONNECT ground test bed and flight payload

· Support to CONNECT payload development reviews

· Research and development support of ground and on-orbit experiments and operations
· Waveform software updates and modifications
2.3 Resource Sharing

If an institution of higher education or other not-for-profit organization is selected to receive a cooperative agreement, Industry cost sharing is not required, although NASA can accept cost sharing if it is voluntarily offered (see the Grants Handbook, Section B, Provision 1260.123, “Cost Sharing or Matching”).  If a commercial organization is selected to receive a cooperative agreement or a contract, cost sharing would typically be required unless the commercial organization can demonstrate that it does not expect to receive substantial compensating benefits for the performance of the work.  If this demonstration is made, cost sharing is not required but may be offered voluntarily (see also NASA Grants Handbook Section B referenced above and also Section D, Provision 1274.204 of the Grants Handbook).

Cost  sharing may include cash (profit based or venture capital), Independent Research and Development (IR&D) funds to be expended in performance of the cooperative agreement, and in-kind contributions.  Industry's cost share shall not be charged to the Government under any contract, grant, or cooperative agreement, except to the extent that the Recipient’s contribution may be allowable IR&D costs pursuant to FAR 31.205-18(e).

2.4 Government Budget Information

The Government’s obligation to make awards is contingent upon the availability of appropriated funds from which payment can be made and the receipt of proposals that NASA determines are acceptable for award under this announcement.

The following funding information is provided as a guide to the approximate level of funding available. The expected CONNECT Project funding anticipated to be available from FY07 to FY10 is in the range of $5 to 7.5 million total for participation in the CONNECT project and for the elements sought in this announcement. 
Option 4 of each alternative refers to a future flight opportunity for the SDR and RF/antenna systems evaluated in the CONNECT Project. The total funds necessary for the future flight opportunity have not been approved and are not yet available for award under this announcement.
NASA’s other in-kind contribution to the CONNECT Project includes personnel to conduct the activities described in section 2 of the CONNECT ground and flight development (e.g., systems engineering, ground test bed and payload development, test and integration, launch, installation, and operations of CONNECT payload throughout the experiment phase).

3.0 ELIGIBILITY INFORMATION
Proposals may be offered by all categories of non-NASA (for this solicitation, “NASA” includes JPL and APL) organizations, including for-profit U.S. organizations, educational institutions, non-profit organizations, and other Government Agencies. Leadership of teams proposing to this program will typically reside with one or more U.S. non-government organizations. Supporting participation as team members is open to all non-NASA (NASA includes JPL and APL) U.S. organizations, including industry, educational institutions, and Federal laboratories. All types of non-NASA (NASA includes JPL and APL) institutions are eligible to submit proposals in response to this NRA, but only approved proposals from U.S. institutions will be eligible for NASA funding. In general, U.S. Federal Government agencies wishing to participate as team members will be expected to supply their own funding.
The applying entity should document any ongoing high quality research in technology or in those areas of engineering clearly relevant to the specific programmatic objectives indicated in this announcement.
3.1 Limited Distribution

The documents describing the detailed requirements for hardware systems provided under the NRA have limited distribution and may be subject to the International Traffic in Arms Regulations (ITAR).  These documents have been designated Sensitive But Unclassified (SBU) and require certain transmittal, handling, and storage procedures as outlined in the cover page of the requirements document.

3.2 Foreign Participation

NASA cannot fund activities performed by non-U.S. entities. Participation in this program by eligible non-U.S. organizations is subject to NASA’s policy of no exchange of funds, in which each government supports their own national participants and associated costs.

However, proposals containing participation by non-U.S. entities may be reviewed under this announcement. Proposals from non-U.S. entities must be accompanied by a Letter of Assurance from the respective government agency or funding/sponsoring institution in that country from which the non-U.S. participant is proposing. Such endorsement should indicate that the proposal merits careful consideration by NASA, and if the proposal is selected, sufficient funds will be made available to undertake the activity as proposed. U.S. co-investigators who are collaborating on proposals submitted by non-U.S. entities must ensure that their scientific role is clearly delineated in the proposal, that their expertise is shown to make a substantial contribution, and that their funding requirements are included in the proposal.

Proposals from U.S. entities containing non-U.S. collaboration must include a Letter of Assurance, as described above, for the portion of the project to be completed by the non-U.S. entity. All proposals from non-U.S. entities must be typewritten in English and comply with all other submission requirements stated in this NRA. These proposals will undergo the same evaluation and selection process as those originating in the U.S. Sponsoring foreign government agencies or funding institutions for proposals from non-U.S. entities meeting the above guidelines may, in exceptional situations, forward a proposal without endorsement to the above address if endorsement is not possible before the announced closing date. In such cases, the NASA sponsoring office should be advised when a decision on endorsement can be expected.

Successful and unsuccessful non-U.S. principal investigators will be contacted directly by the NASA sponsoring office. Should a proposal containing both U.S. and non-U.S. participation be selected, NASA’s Office of External Relations will arrange with the foreign sponsoring agency or funding institution for the proposed participation on a non-exchange-of-funds basis, in which NASA and the non-U.S. sponsoring agency or funding institution will each bear the cost of discharging their respective responsibilities.

Depending on the nature and extent of the proposed cooperation, this arrangement may entail:

a. A letter of notification by NASA;

b. An exchange of letters between NASA and the sponsoring foreign governmental agency; or

c. A formal Agency-to-Agency Memorandum of Understanding (MOU).
Export Control Guidelines Applicable to Foreign Proposals and Proposals Including Foreign Participation. Foreign proposals and proposals including foreign participation must include a section discussing compliance with U.S. export laws and regulations, e.g., 22 CFR Parts 120–130 and 15 CFR Parts 730–774, as applicable to the circumstances surrounding the particular foreign participation. The discussion must describe in detail the proposed foreign participation and is to include, but not be limited to, whether or not the foreign participation may require the prospective proposer to obtain the prior approval of the Department of State or the Department of Commerce via a technical assistance agreement or an export license, or whether a license exemption/exception may apply. If prior approvals via licenses are necessary, discuss whether the license has been applied for or if not, the projected timing of the application and any implications for the schedule. Information regarding U.S. export regulations is available at:
http://www.pmdtc.org/ and http://www.bxa.doc.gov/
Proposers are advised that under U.S. law and regulations, spacecraft and their specifically designed, modified, or configured systems, components, and parts are generally considered " “Defense Articles” on the United States Munitions List and subject to the provisions of the International Traffic in Arms Regulations (ITAR), 22 CFR Parts 120–130.
3.3 Cost Sharing

Cost sharing is required under cooperative agreements with “for-profit” organizations. Significant cost sharing (minimum of 50%) by industry is anticipated. Cost sharing may include cash (including IR&D) and in-kind contributions in accordance with Section D, Provision 1274.204 of the NASA Grants Handbook and Federal Acquisition Regulations (FAR) Section 31.205-18 (e). Offerors shall provide rationale to support the cost sharing amounts proposed and state that it is consistent with cost sharing guidelines.  The NASA Grants Handbook can be accessed at http://ecmsfc.nasa.gov/hq/grcover.htm.
3.4 Space Flight Experience

Offeror’s organization (including offeror’s key personnel assigned to the project) shall demonstrate past experience and performance of: 1) SDR technology and/or open architecture implementations related to space-based radios or requirements, 2) implementations and developments of reconfigurable transceiver and/or software defined radio communication technologies for NASA or other space missions, and 3) RF/antenna flight hardware development for space systems.  Specific experience required in each area technology area proposed. 
4.0 CONNECT PROPOSAL AND SUBMITTAL INFORMATION
4.1 Proposal Package 

All information needed to respond to this solicitation is contained in this document and the referenced documents which can be obtained by eligible parties via secure file transfer.  Notice of any changes or revisions to this solicitation will be posted to the Fed Biz Ops website.  Offerors are responsible for monitoring this web site to ensure awareness of any changes or revisions.  NASA’s synopses can be reviewed at the following web site: NASA GRC Procurement: http://procurement.nasa.gov/cgi-bin/eps/syn_search.cgi.
Instructions as to how to obtain these limited distribution documents will be posted as a modification to the CONNECT synopsis in Fed Biz Ops.  Note that potential offerors who request these limited distribution documents will be responsible for ensuring compliance with all export control limitations on further distribution.
4.2 Proposal Submissions
Letters to the NASA GRC contracting official indicating intent to propose are requested no later than July 6, 2007.
Proposers are encouraged to review NASA FAR Supplement 1852.235-72 – “Instructions for Responding to NASA Research Announcements” which is incorporated in this document as an appendix.  Note that 1852.235-72 provides general information while offerors are required to respond to the specific requirements contained in this solicitation.  To the extent that the provisions of 1852.235-72 conflict with other requirements of this solicitation, the solicitation controls.  
The content of the proposals submitted under this opportunity shall contain the items listed below. The required elements are the technical approach, the deliverables (including proposed hardware and software elements), proposed cost, and administrative items.

Proposal submissions are due no later than July 30, 2007 5:00pm ET to the assigned contracting official at: 
NASA Glenn Research Center

Attn: Karin Huth
21000 Brookpark Road, M.S. 500-–312
Cleveland, Ohio 44135
4.3 Proposal Content
4.3.1 Technical Approach

a. Describe approach for conducting on-orbit SDR and antenna technology assessments and providing hardware and software elements that meet the requirements and goals for evaluation. Note specific activities including design tradeoffs, elements of the trade space, analysis, modeling, simulation, hardware fabrication, software/firmware development, testing, qualification, etc. For provided equipment, include estimates of power consumption, reliability, mechanical dimensions, and mass estimates. Specifically address the suitability of proposed system for ground and/or space flight operation in the CONNECT project.
b. Describe relevant flight heritage and Technology Readiness Level (TRL) of the proposed deliverables and the advancement enabled by the CONNECT effort for each relevant subsystem. 
c. Describe approach for the following additional items for SDR elements;

a. Application waveform implementation

b. Communications control and data architecture and implementation

i. Control and status interface structure

c. Front-end design and implementation
d. Power distribution

e. Preliminary packaging and thermal design

f. Estimate cooling system requirements

g. Packaging and component design requirements

h. Preliminary EMI/EMC mitigation plan

i. Definition of interfaces (electrical, mechanical, thermal, and software)
i. Indicate the availability and specification of an IF output for up/down conversion by NASA to S-band and/or Ka-band.  
ii. Indicate the availability of a low power RF output for S-band.
j. Size, weight, and volume estimates

k. Space environment design/implementation aspects (e.g., FPGA scrubbing, watchdog timers)

l. Reliability considerations (redundancy, default operating conditions)

m. Latency, throughput, processing capacity (e.g., gates, MIPS) and capacity margin (per requirements)

n. Describe approach, methodology and criteria for proposed radio to meet STRS architecture compliance for the CONNECT. 
i. STRS operating environment development and implementation

d. Describe approach for the following additional items for RF/antenna elements:

a. Overview of proposed antenna design/antenna architecture 
b. Technical description (e.g., frequency coverage, beam width, bandwidth, gain, size, mass, power, etc.)
c. Overview of associated RF electronics including transmitter high power amplifier, receiver LNAs, filters, diplexers, switches, etc./RF subsystem architecture
d. Antenna controller design w/ software (as applicable)
e. Performance estimates for antenna and RF subsystems including scan loss, maximum polarization axial ratio, EIRP, G/T
f. Power Supply design

g. Preliminary packaging and thermal design
h. Estimate cooling system requirements
i. Packaging and component design requirements
j. Preliminary EMI/EMC mitigation plan
k. Definition of interfaces (electrical, mechanical, and thermal)
l. Size, weight, and volume estimates
m. Mechanical and space environment aspects
n. Reliability considerations
o. Trades and approach to connect multiple SDRs to antenna(s) (e.g. two S-band radios to one antenna) compared to single RF chain and antenna per SDR
e. Describe approach for the following additional items for the Data Manager element:

a. Overview of proposed data manager/data router design/architecture 

b. Technical description 

c. Power Supply design

d. Preliminary packaging and thermal design

e. Estimate cooling system requirements

f. Packaging and component design requirements

g. Preliminary EMI/EMC mitigation plan

h. Definition of interfaces (electrical, mechanical, and thermal)

i. Size, weight, and volume estimates

j. Mechanical and space environment aspects

k. Reliability considerations

4.3.2 Deliverables
a. Provide a list and description of all items that the offeror will be providing to NASA. Provide a schedule for the deliverables provided to NASA consistent with the schedule provided in this solicitation. 

b. Provide a work breakdown structure summary.

4.3.3 Cost 

a. Provide the overall cost for the development and delivery of the proposed items including all documentation, delivery, and project participation.  A cost breakdown shall be provided for each element of the program.  Unless otherwise noted in the offer, the Government will assume offerors are willing to accept partial awards.
b. If proposing participation in multiple technology elements (e.g. SDR and RF/antenna or SDR and Data Manager), indicate the savings to NASA to award multiple awards compared to invidual awards.

c. Provide cost to NASA and shared cost by the offeror or other source (e.g., other agencies, team members). 
d. Proposals shall indicate the approach and cost to meet the requirements, however, indicate cost savings to NASA to relax or modify technical requirements to maximize the use and availability of mature hardware elements to meet the requested schedule.  
4.3.4 Administrative

a. Provide the name of a business and technical point of contact for your organization or company along with their phone number, e-mail address and mailing address.

b. Names and resumes of experience of key technical personnel who will be assigned to the project and the extent to which each will participate.
c. A statement of experience, including:
a. A list of Government contracts received in the past three years or currently in negotiation involving relevant work by performing entity in the area described in this NRA, showing each contract number, the Government agency placing the contract, the type of contract, and a brief description of the work.
d. Identify all team partners and subcontracts, and key personnel. 
e. Offer shall provide 6 hard copies of the technical and cost information. An electronic copy of the proposal shall be provided in word or pdf format on compact disk or USB memory device.
f. Page Count—Efforts should be made to keep offers as brief as possible, concentrating on substantive information essential for a proper evaluation. Technical information shall not exceed 20 pages for single topic proposals (e.g., SDR, RF/antenna, or Data Manager) or
35 pages for integrated solutions (e.g., SDR and RF/antenna system). Page count shall exclude resumes and cost information. A page is defined as one side of an 8 1/2 by 11 in. sheet of paper; offers may be submitted on single- or double-sided sheets, but shall not exceed this page limitation. Minimum font size shall be 12 point with single spaced lines. 
g. Pursue Non-Disclosure Agreements (as necessary, upon selection) with two on-site and near-site technical engineering contractors providing support to NASA GRC. The contractor organizations are ineligible to compete on the subject procurement activity, but provide engineering services to NASA GRC. 
Analex Corporation 

21000 Brookpark Road 

Brook Park, Ohio 44135 

Bldg: 500 MS: GES-AOS

Contact: Greg Kubat 
Phone: 216–433–8123 

Fax: 216–433–8656 

E-mail: gregory.kubat@analex.com or gregory.kubat@grc.nasa.gov
ASRC Aerospace Corporation
21000 Brookpark Road 

Brook Park, Ohio 44135 

Bldg: 54 MS: 54-8

Contact: Mr. Thomas Kacpura

Phone: 216–433-6830

Fax: 216-433-8705

Email: thomas.kacpura@nasa.gov
h. Small Business Subcontracting Plan (not applicable $500,000 and under)
a. In accordance with the clause at FAR 52.219-9 (Alt II), this solicitation requires the submission of a Small Business Subcontracting Plan at the same time that the offerer submits its initial proposal. 
b. Offerers are advised that NASA encourages the inclusion of the following goals in the proposed Subcontracting Plan:  
1. an overall Small Business subcontracting goal of 16%. 
2. which incorporates a Small Disadvantaged Business (SDB) subcontracting goal of 4%. 
3. a Women-Owned Small Business (WOSB) subcontracting goal of 3%. 
4. a Historically Black Colleges and Universities (HBCU) / Other Minority Educational Institutions (OMEI) subcontracting goal of 1%. 
5. a Historically Underutilized Business (HUB) Zone subcontracting goal of 3%.  
6. a Veteran-owned Small Business (VOSB) subcontracting goal of 1%, and 
7. a Service-disabled Veretan-0wned Small Business (SDVOSB) subcontracting goal of 1%. 
c. For solicitation purposes only, the preceding goals are expressed as percentages of the total proposed contract value as opposed to only a percentage of proposed total planned subcontracting dollars.  For the offerer's subcontracting plan, however, in order to parallel SF294 and SF295 subcontracting reporting, the resultant dollar goals are to be converted, i.e., reflected, as percentages based on total subcontracted dollars.  The Offerer's Subcontracting Plan will be evaluated by the Government as stated elsewhere in this solicitation.  
i. Defense Contract Audit Agency (DCAA) information: Proposers are requested to provide the (1) the specific location (address or addresses for prime and proposed major subcontractors) where auditable cost information physically resides that supports amounts proposed; (2) the person or persons (name, address, phone number, and e-mail address) who can be contacted by DCAA to provide audit information for the prime Offeror, (3) the person or persons (name, address, phone number, and e-mail address) who can be contacted by DCAA to provide audit information for companies, partners (in a teaming, joint venture or partnership situation) or proposed major subcontractor(s); and (4) the name and address of the cognizant DCAA field audit office to which electronic and hardcopy proposals were sent.  
4.4 Proposal Review Criteria
The principal elements considered in evaluating proposals will be relevance to the CONNECT objectives, intrinsic technical merit, (including schedule) and cost.  
Relevance:  Evaluation of a proposal's relevance to the CONNECT Project objectives includes an assessment of how well proposals meet the overall CONNECT objectives (new capability available to future missions, SDR/STRS implementation and assessment, schedule, and industry participation). 
Intrinsic Technical Merit: Evaluation of its intrinsic technical merit includes the consideration of the following factors, in order of significance.

1. Schedule—The hardware and software elements must be developed, tested, and integrated according to the proposed schedule in time to meet an anticipated launch date.  Offerors must include adequate documentation of their commitment to and ability to meet the proposed schedule.
2. Technical Approach—Offer’s ability, capability, approach and methodology to design, develop, and deliver the required elements as it applies to the CONNECT payload. The elements must meet the CONNECT performance requirements outlined in this announcement and meet all ELC and ISS system requirements and constraints. Added consideration will be given to the platforms that represent mature systems that require minimal updates to meet the flight readiness, raising the assurance of meeting the requested delivery dates. The approach shall also describe/propose approach to risk identification, evaluation, management and mitigation. Value is given to the approach which lowers the risks to NASA while meeting or exceeding the goals of the CONNECT payload. (e.g. exceed RF specification within allowable resources, providing qualification unit and flight unit in lieu of protoflight units).  Also, a primary goal for this opportunity is to have maximum representation of technology from different providers.  Consideration will be given to those proposals which expand participation by the industry in the Testbed activities.) 
3. Space Flight and SDR/STRS Experience—Offeror’s organization (including key personnel assigned to this project, team partners and/or subcontractors) past experience/performance of: 1) space flight hardware development, and specifically ISS systems, 2) Reconfigurable or SDR radio technology, implementations and developments and open architecture implementations related to the NASA space-based radio requirements or other space missions and qualification processes, 3) availability of applicable and relevant waveforms requested in the solicitation, 4) radiometric tracking between space vehicles. Added value will be given to proposals which minimize the time expended to gather the data and requirements and implementation of the testbed hardware and SDR compliance with the STRS architecture. 
4. Goals—Offeror’s ability to meet CONNECT goals (above and beyond minimum SDR, RF/antenna, Data Manager requirements) in the requirements documents. These criteria will be weighed against the added cost to achieve the additional goals. Some of the key goals of the CONNECT project are:
a. High data rate, Ka-band operation up to 100 Mbps, minimum.
b. Multiple, simultaneous waveform operation

c. Over-the-air waveform upload
d. Excess capacity for new waveform applications (e.g LDPC coding)
5. Offeror’s Experiment Plan—Offeror’s proposed approach to conducting experiments and investigations using the provided elements integrated into the CONNECT payload facility. Offeror’s may submit a plan which describes the type of experiments envisioned and the relevance of these experiments to NASA needs. The plans should describe the extent of collaboration and the impact if the experiments are successfully conducted. 

Cost:  Evaluation of the cost of a proposed effort will include the realism and reasonableness of the proposed cost and comparison of that proposed cost to available funds.  The offer’s demonstrated commitment to invest in the development cost of the systems and engineering support necessary for CONNECT will be considered.  NASA’s in-kind contribution represents a significant investment in the development of this technology and offers are expected to show a similar commitment. NASA encourages proposals that provide an integrated system of SDR and RF/Antenna subsystems and therefore, cost savings to award both SDR and RF/antenna proposals should be noted (as opposed to separate SDR or RF/antenna awards).  Offerors should note that NASA reserves the right to make partial awards of any proposal.  
4.5 Proposal Review Process

NASA will review each eligible proposal.  NASA Civil Service personnel will be in charge of and will direct all aspects of the review and selection processes.  This review process will be managed by the Selecting Official (SO), Mr. Angel Otero, Chief of the Space Operations Project Office at the Glenn Research Center.  The review team will be made up of civil servant employees from NASA’s Glenn Research Center, Goddard Space Flight Center, and Johnson Space Center. On-site and/or near-site contractors to NASA GRC may also participate as reviewers. Contractor companies providing reviewers will be ineligible to propose against this announcement. The company names and contacts are provided in the Proposal Content, Administrative section. 
4.6 Proposal Withdrawal

Proposals may be withdrawn by the proposer at any time. Offerors are requested to notify NASA in writing if the proposed work is funded by another organization after submission to this Announcement or of other changed circumstances which dictate termination of evaluation.

4.7 NRA Cancellation

NASA reserves the right to make no awards under this NRA and to cancel this NRA. NASA assumes no liability for canceling the NRA or for anyone's failure to receive actual notice of cancellation.  NASA also reserves the right to select partial proposals for negotiation for an award.
NASA intends to install the CONNECT testbed aboard ISS in 2010 using a launch of the Space Shuttle. Due to a number of circumstances concerning the launch of the Space Shuttle outside the control of the CONNECT Project, there may be a risk that the CONNECT payload will not be launched or installed on ISS. In the event that the payload is not launched or installed on ISS, NASA intends to pursue other launch opportunities, possibly with other Government agencies. However, NASA will conduct a robust ground test and evaluation program to conduct a set of experiments similar to those planned for the on-orbit testbed.  Partners selected under this announcement will be kept informed of the launch schedule and manifest changes. Every effort will be made to conserve expenses for both the partner and NASA and adjust program objectives and milestones in the event of a launch or funding cancellation.

4.8 Funding Restrictions

Pre-award activities will not be funded nor reimbursed.

5.0 SCHEDULE, MILESTONES, AND HARDWARE/SOFTWARE ELEMENTS
Successful offers will be notified by the contracting official by e-mail/mail after the review process is complete. Offerors whose proposals are not selected for funding will be notified by e-mail/mail and be offered a telecon/meeting for debriefing.

5.1 Milestones and Milestone Payments

A planned list of expected activities, hardware deliverables, and associated milestones are described below and in Table 2 that the dates are based upon the best known information at the time of the release of the solicitation, and may be subject to updates upon award of the contract. Payments for cooperative agreement awards will be associated with major milestone accomplishments throughout the development and integration phases according to the proposed structure. Offerors are invited to provide a detailed schedule of activities and appropriate documentation and hardware elements delivered to NASA according to the milestones provided and refine the deliverable schedule with a description of the variance and explanation on its benefit to NASA to change the schedule.

Exact milestones will depend on the selection of ground test bed hardware and/or flight hardware elements.  Approximate milestone payments are provided with the milestones.
1. Contract Award—September 2007

2. Requirements Review—October 2007

3. Preliminary Design Review—December 2007 at GRC (8% of total award)

The review shall show that the correct design option has been selected, interfaces identified, and verification methods have been satisfactorily described. An understanding of all interfaces, mechanical and thermal, and necessary interactions with the CONNECT design team, as described in the CONNECT Performance Specification shall be demonstrated. The Review presentation package shall address all program management, design, analysis, manufacturing, test, and QA activities outlined in this SOW and the CONNECT Performance Specifications in sufficient detail to meet the review requirements.  The review is an opportunity to review drawings and all analyses before the expenditure of large scale resources.
4. Breadboard Radio Delivery to GRC—April 2008 (20% of total award)

a. Early version of signal processing hardware and control software
5. Critical Design Review—June 2008 at GRC (25% of total award)

The CDR presentation shall demonstrate a final detailed design using completed drawings and analyses. The review shall demonstrate overall conformance of the requirements specified in the CONNECT Performance Specification and this SOW. Drawings and analyses should be released or ready for final review and approval.  An implementation of all interfaces, mechanical and thermal, and necessary interactions with the CONNECT design team shall be demonstrated. This review shall cover programmatic, technical, manufacturing flow, inspectionpoints, material, part list, test and verification, and QA topics. This review shall provide an opportunity to review drawings and all analyses before the start of Protoflight Unit fabrication.
6. Flight software update to breadboard radio—July 2008 (40% of total award)

a. TT&C update

b. STRS software
c. Early waveform models and waveform software/firmware

7. Engineering Model Delivery to GRC—November 2008

8. Successful Acceptance Test of EM—January 2009 (50% of total award)

9. Protoflight/Flight Unit and Flight Software Delivery to GRC—January 2009 (70% of total award)

10. Successful Acceptance Test of Protoflight/flight Unit—February 2009 (or 30 days post delivery) (80% of total award)

11. Integration to CONNECT payload—June 2009

12. CONNECT payload delivery to KSC for ELC Integration—August 2009 (100% of total award)

5.2 Payload Hardware/Software Elements (Deliverables)
5.2.1 SDR/STRS Platforms
This section defines the specific terms used for the proposed SDR elements:
Breadboard SDR—The breadboard SDR is required early in the development cycle. The purpose of this unit is to test the digital and signal processing functionality and interfaces with other experiment subsystems such as the payload controller and data manager. This unit is not required to have the form and fit of the engineering model or flight unit, but will serve as a laboratory version emulating the electrical and software functionality of the flight SDR. Full waveform functionality is not required in the breadboard unit.
The following SDRs shall include the signal processing, conversion to RF to the respective frequency bands as proposed, amplification, power supply, and all other aspects needed to meet the requirements.

Engineering Model SDR—The engineering model (EM) must be functionally equivalent to the flight or protoflight unit installed on the CONNECT payload. During operations, the EM SDR will support the ground test and verification of planned software changes prior to sending the software/firmware change to the on-orbit unit. The EM may be a fully functioning qualification unit or an upgraded breadboard system with delivered flight unit software/firmware and other subsystem elements such as RF, sampling, signal processing, and power. The EM SDR is not required to have identical parts as the on-orbit unit. The SDR shall be configured with the on-orbit installed waveforms and comply with the radio requirements including STRS Architecture, Release 1.01. 
Qualification SDR—The qualification unit is required for space qualification testing and verification. Qualification activities include analyses and testing to ensure that the future flight hardware and software will meet functional and performance requirements in anticipated environmental conditions. The qualification tests are designed to subject the hardware and software to worst case loads and environmental stresses. The qualification unit may also become the engineering model SDR (if fully functional).
Protoflight SDR—Offeror’s may propose a protoflight unit. The protoflight unit is the actual flight hardware that is used for flight qualification. Delivery of a protoflight unit poses higher risk than a qualification unit separate from the flight unit, but often entails lower cost. 

Flight SDR—The flight unit is the radio to be installed in the payload and flown. The unit will undergo acceptance testing and verification. The acceptance stages activities provide assurance that the flight hardware and software are in compliance with all functional, performance and design requirements, and are ready for shipment to the launch site. 
The offeror shall provide a breadboard, engineering model and protoflight or flight SDR with associated platform and waveform breadboard, engineering model, and flight software.  The offeror may choose to deliver a qualification SDR and flight SDR in lieu of the protoflight SDR.

5.2.2 Software/Firmware
The SDR breadboard unit shall be delivered with an early version of the software that provides the intended functionality of the flight unit. This unit will support the CONNECT payload controller development, which interfaces with the SDR and controls the operation. NASA requires early insight to the SDR operation to support the development of the payload command, control, and telemetry software. The offeror shall update the breadboard unit (or EM SDR) software to match the flight unit software so that the ground unit and the flight unit are functionally identical.
STRS Operating Environment—The delivered flight SDRs require a minimum level of STRS Architecture compliance. The key elements for compliance are described in the requirements documents. 
Waveform Software—The radio will have a minimum of one waveform per operational frequency band delivered with the SDR, per the requirements. The delivered waveform(s) shall support the checkout and initial operation of the SDR.
· Software and firmware source

· Waveform models, as applicable

Certain waveform software is requested at the time of delivery to NASA and tested with the flight SDRs (for each frequency band of interest). Additional waveforms loaded on the SDRs beyond the initial capability will be part of the Operations phase, and are not necessarily part of this solicitation. 

As an STRS compliant platform, the SDR shall be capable of accepting and running additional STRS compliant waveform and application software from other suppliers. Offerors who provide SDRs to the CONNECT Project shall accept and host waveform and application software to their SDR platforms from other suppliers. One of the goals of CONNECT and STRS Architecture is to enable 3rd party waveform and application software development and operation on SDR platforms according to STRS standard.
Offerors shall provide government purpose rights to the software/firmware source code and development environments for the duration of CONNECT project and on-orbit experiments and operations.
5.2.3 RF/Antenna Systems

NASA seeks an approach to connect the multiple SDRs to the RF and antenna subsystems to provide operational flexibility, with high reliability while not exceeding the size, weight and power constraints from the ELC pallet. The following elements are required of those offerors seeking to provide RF or antenna equipment through this NRA:
5.2.3.1 High Gain Antennas
The Contractor shall manufacture, test, and deliver a protoflight S-band and Ka-band high gain antennas and engineering model S-band and Ka-band high gain antenna (per option).  Each antenna assembly shall comprise of a single integrated unit of the reflector assembly, struts, feed horns, feed assembly, diplexer orthomode transducers, as appropriate, mounting plates, alignment mechanisms, cabling, and associated mounting harwdare.
5.2.3.2 Low Gain Antennas

The Contractor shall manufacture, test, and deliver a protoflight S-band and Ka-band low gain antennas and engineering model S-band and Ka-band low gain antenna (per option).  Each antenna assembly shall comprise of a single integrated unit of the antenna assembly, struts, feed horns, feed assembly, diplexer orthomode transducers, as appropriate, mounting plates, alignment mechanisms, cabling, and associated mounting hardware.
5.2.3.3 Ka-Band Exciter/Transmitter (e.g. SSPA, TWTA)
The Contractor shall manufacture, test, and deliver one Flight Model exciter/transmitter (e.g. Traveling Wave Tube Amplifier) and one Engineering Model exciter/transmitter (e.g. Traveling Wave Tube Amplifier) (per option) to meet the requirements of the CONNECT Project RF/antenna Performance Specification (CONNECT_RF_antenna_req.doc).

5.2.3.3.1 Connector Savers and Flange Covers

Flight Units shall be tested with connector savers to minimize mates and demates.  Connector savers and flange covers shall be delivered with each Unit.

5.2.3.3.2 Supporting Hardware 

The Contractor shall provide the following supporting hardware:

· One set of the mating half of the external connectors for each delivered Unit
·  Electrostatic Discharge (ESD) flight protective caps, as applicable

· Closeout caps for test connectors

5.2.3.4 RF System
The contractor shall manufacture and test one flight model and one engineering model (per option) integrated RF subsystem to connect the specified number of SDRs to the appropriate low gain and high gain antennas.  RF subsystem will be composed on appropriate filtering, splitters, combiners, switches, attenuators, amplifiers, mixers, sources, etc to accomplish the intended function.
5.2.4 Data Manager
The contractor shall manufacture, test, and deliver one breadboard Data Manager, one engineering model Data Manager and one flight model Data Manager (per option) per the requirements of the CONNECT Project.
5.2.5 Ground Support Equipment

The offeror shall indicate the systems or equipment required to support the operation or test of the delivered elements for both the ground and flight units. The contractor shall make the hardware available to NASA for acceptance, integration, or other testing.  NASA may witness acceptance testing at contractor site.  The contractor shall identify specific configurations, process, procedures used to develop and test provided hardware.

5.2.6 Subsystem Documentation

The documentation is required to support the development, operation, testing and verification of the SDR and RF and antenna system(s) for ground use and flight qualification. STRS compliance also places requirements on documenting specific aspects of the SDR, which are outlined in the STRS Architecture Standard. The software documentation is similarly required to support operation, testing and verification, and is required for the SDR, infrastructure, and delivered waveform(s). The list below is representative of the types of documentation required from the offeror. NASA will work with the offeror to tailor the documentation required for the specific set of hardware elements made available to NASA under the NRA.
5.2.6.1 General Documentation


Operating Manuals


Interface Control Documents

Test Plans, Test Procedures, Test Results 
Initial and subsequent component and systems tests for performance, mechanical, electrical, environmental, and interface compatibility of each proposed hardware and software element
On-orbit Experiment Plan


Contractors proposed use of CONNECT payload and expected data

5.2.6.1.1 Reporting and Project Communications 

NASA requires visibility into technical performance and risk management through telecons with technical point of contact and team and periodic Program Reports.
a) Telecons—Expected on a bi-weekly basis increasing to weekly within six weeks of delivery. Will be held as needed, and mutually agreed.

b) Bi-Monthly Program Reports—NASA requires visibility into cost and schedule performance (including problem and anomaly reporting) measured against the baseline through program reports providing summary of cost and schedule progress against work breakdown structure or work plan.

c) Internal data (e.g., reports, analysis, models, simulations, data) generated by the contractor in completing the work described in the objectives shall be provided to NASA as needed. Software shall be viewable and executable on workstations running the Microsoft Windows XP and/or Linux operating systems, at a minimum.
d) Design Reviews/Technical Interchange Meetings (TIMs)—The contractor shall support design reviews and TIMs, which shall be conducted at a location agreeable to both NASA and the offeror. (e.g., GRC, GSFC, JSC, JPL or the contractor’s facility). 
Format

· Electronic version of all reports in Microsoft Word format and presentations in Microsoft PowerPoint format delivered on CD-ROM or emailed to contracting officer.
5.2.6.2 Software/Firmware Documentation


Software Design

Source Code Listing


Executable and Source Files


Tools required for software build


Libraries (Actual libraries or identify commercial source)


Supporting Test Code

Data output and analysis from each waveform model, simulation with accompanying report.
5.2.6.3 SDR/STRS


STRS Software (e.g. infrastrucutre) Description Document

Hardware Abstraction Layer Document
STRS Hardware Interface Document (HID)

5.2.6.4 Antenna Design and Fabrication Documentation

Antenna design document 

Definitions of RF components and interface document
Antenna and RF subsystem packaging and enclosure design (final)

Antenna Controller, Up-converter, and Power Supply Design and Fabrication

Beam Steering Controller design (drawings/documents)

Power Supply(s) design (drawings/documents)  

Software documentation and code (executable and source)
Beam Steering Controller space qualification plan 
Performance Summary
Radiation pattern measurement as per ANSI/IEEE 149-1979 (R90)

EIRP measurement (Transmit only) as per ANSI/IEEE 149-1979 (R90

EMI/EMC characterization as per SSP-30243

Phase compensation table generation (as applicable)

5.2.6.5 RF Subsystem Design and Fabrication Documentation
RF subsystem design (drawings/documents)

RF subsystem controls

Recommendation of thermal management systems (as appropriate)
5.2.6.6 Data Manager Documentation

Preliminary and Detailed Requirements Documents (Oct 2007/May 2008)
Preliminary and Final Test Proceduresm (May 2008/ November 2008)
Acceptance Test Procedures (November 2008)
Preliminary and Final Experiment Integration Procedures(May 2008/November 2008)
5.2.7 Flight Qualification Data Delivery Documentation and Schedule

Document Delivery Table Category:

A = Approval:  Documents in this category require approval from the National Aeronautics and Space Administration (NASA)/Glenn Research Center at Lewis Field (GRC) Contracting Officer (CO). In general, content shall be provided in contractor format as long as required content, as specified herein is addressed.  In most cases, NASA will be responsible for final format and formal submission. The NASA/GRC CO reserves the time-limited right of disapproval for each submission.  The time-limited period is two weeks from receipt of documents.

R= Review:  Documents in this category do not require formal NASA/GRC CO approval. They must be received within a specified time period and are subject to evaluation. 

I = Information: Documents in this category are informal and are for information only.

Quantity: This provides the required number of copies for the deliverable.  All data is required to be submitted electronically.  The number in the quantity column refers to the number of hard copies required.

Delivery Date: This provides the fixed or relative date or time that the deliverable is required.
TABLE 2.—FLIGHT QUALIFICATION DOCUMENTATION
	Item #
	Description
	Category
	Quantity
	Delivery Date

	THE FOLLOWING DOCUMENTS SHALL BE DEVELOPED BY THE CONTRACTOR

	1
	Bi-Monthly Status Report
	I
	1
	Ten (10) calendar days following the month being reported.

	2
	Quality Assurance Plan
	A
	1
	Twenty-eight (28) calendar days after contract award

	3
	Parts Stress Analysis Criteria and Report
	A
	1
	Twenty-eight (28) calendar days after contract award

	4
	Advanced Packaging Technology Requirements Documentation
	A
	AR
	Twenty-eight (28) calendar days after contract award

	5
	Custom Devices Documentation (If Applicable)
	A
	AR
	Twenty-eight (28) calendar days after contract award

	6
	Plastic Encapsulated Microcircuit (PEM) Specification Documents
	A
	AR
	Twenty-eight (28) calendar days after contract award

	7
	Verification Test Procedures and Reports – HW & SW
	A
	AR
	Thirty (30) calendar days before start of testing and as changes occur.

	8
	Software Architecture Description (Preliminary and Final)
	R
	1
	Fifteen (15) calendar days before PDR and CDR

	9
	Software Code Record (Preliminary and Final)
	R
	1
	Fifteen (15) calendar days before PDR and CDR

	10
	Firmware Support Manual (Preliminary and Final)
	R
	1
	Fifteen (15) calendar days before PDR and CDR

	11
	Worst-Case Circuit Analysis Report (Preliminary and Final)
	R
	1
	Fifteen (15) calendar days before PDR and CDR

	12
	Reliability Prediction Report (Preliminary and Final)
	I
	1
	Fifteen (15) calendar days before PDR and CDR

	13
	Parts Identification List (Preliminary and Final)
	R
	1
	Fifteen (15) calendar days before PDR and CDR

	14
	Materials Identification List & Certs (Preliminary and Final)
	A
	1
	Fifteen (15) calendar days before PDR and CDR

	15
	Drawing & Schematics Package (Preliminary and Final)
	R
	AR
	Fifteen (15) calendar days before PDR and CDR

	16
	Anomaly Reports
	A
	1
	Five (5) calendar days after Contractor Anomaly Review Process determines disposition

	17
	Environmental Test Plan

(Preliminary and Final)
	A
	1
	Fifteen (15) calendar days before PDR & CDR

	18
	Structural Analysis Report (Preliminary and Final)
	A
	1
	Fifteen (15) calendar days before PDR & CDR

	19
	EMI/EMC Report (Preliminary and Final)
	A
	1
	Fifteen (15) calendar days before PDR & CDR

	20
	Recertification Plans for Parts >5Yrs (If Applicable)
	A
	1
	Fifteen (15) calendar days before CDR

	21
	Preliminary Design Review Presentation Package
	I
	5
	Fifteen (15) calendar before PDR 

	22
	Preliminary Design Review Report
	A
	1
	Ten (10) calendar days after completion of PDR

	23
	Critical Design Review Presentation Package
	I
	5
	Fifteen (15) calendar before CDR 

	24
	Critical Design Review Report
	A
	1
	Ten (10) calendar days after completion of CDR

	25
	As-Built Materials List
	R
	1
	Due at Five (5) calendar days prior to PSR

	26
	As-Built Parts List
	R
	1
	Due at PSR

	27
	Fabrication Process Certs
	R
	AR
	Due at PSR

	28
	Photographs (pre-closure and closed)
	I
	AR
	Fifteen (15) calendar days before PDR & CDR & PSR

	29
	Flight Unit Log of operating time
	I
	1
	Due at Flight Unit delivery

	THE CONTRACTOR SHALL PROVIDE INPUT TO NASA FOR THE FOLLOWING DOCUMENTS DEVELOPED BY NASA

	1
	Interface Control Document (ICD) – HW & SW (Preliminary and Final)
	R
	N/A
	Fifteen (15) calendar days before PDR and CDR

	2
	Software Requirements Specification (Preliminary and Final)
	R
	N/A
	Fifteen (15) calendar days before PDR and CDR

	3
	Thermal Analysis (Preliminary and Final)
	R
	N/A
	Fifteen (15) calendar days before PDR and CDR

	4
	Flight Unit Failure Mode and Effects Analyses (FMEA) (Preliminary and Final)
	R
	N/A
	Fifteen (15) calendar days before PDR and CDR


5.2.8 Shipping Containers

The contractor shall provide shipping containers for each hardware element, which will be used to ship the hardware element from the vendor to GRC and from GRC to other locations as required for testing. The shipping containers will be equipped with shock detectors.
6.0 Quality Assurance

Development of space flight hardware requires adherence to quality assurance and is critical to a successful development.  The following items regarding quality assurance and monitoring are intended to provide NASA insight into the development process and provide adequate oversight of development activities.
6.1 Quality Assurance Plan/Manual

The Contractor shall implement a Quality Management System that meets the intent of the requirements of American National Standards Institute (ANSI)/International Organization for Standardization (ISO)/American Society for Quality (ASQ) Q9001 (1994 or 2000 version) or equivalent.  GRC shall be notified of any changes to the QA program. 

6.2 Surveillance of the Contractor 

The work activities and operations of the contractor, subcontractors, and suppliers are subject to evaluation, review, survey, and inspection by GRC representative or delegated Government representative per the guidance provided in the NASA Procedural Requirements, NPR 8735.2 titled Management of Government Quality Assurance Functions for NASA Contracts.
The Contractor shall provide the GRC representative with documents, records, equipment, and workings areas within their facilities that are required by the representative to perform their overview activities.

6.2.1 Government Source Inspection

The Government may elect to perform inspections at a supplier's plant.  The following statement shall be included on all contract or subcontract documents: "All work on this order is subject to inspection and test by the Government at any time and place”. 

6.2.2 Contractor Source Inspection

The Contractor shall ensure that its contract or subcontract documents impose the applicable requirements on subcontractors and other suppliers.  The subcontractor and other suppliers shall in turn impose the requirements on their procurement sources.

The Contractor shall perform source inspection at the subcontractor's or supplier's facilities in accordance with the contract or subcontract documentation or when one or more of the following conditions exist: 

In process, end item controls, or tests that are destructive in nature prevent the developer from verifying quality after delivery to the developer's facility.

It is not feasible or economical for the contractor to determine the quality of procured articles solely by inspections or tests performed at the contractor’s facility.

Qualification tests are to be performed by the subcontractor or supplier.

Products are shipped directly from the source to NASA, by-passing the Contractor's inspection facilities. 

6.2.3 Government Mandatory Inspection Points

The Government or its representative will perform the following Government Mandatory Inspection Points (MIP) listed below.  The Government may request additional MIPs if a specific process prohibits inspection at a later time.  MIPs are reviewed at the TIM and are mutually agreed upon prior to production under this contract.

MIPs to be performed:

· Inspect 100% solder 

· Inspect 100% crimps 

· Inspect 100% conformal coating, staking, and potting

· Rework Inspection 

· Pre-closure Inspection

· Pre-Ship Inspection / Data Review

6.3 System Safety Requirements 

The Contractor shall supply detailed descriptions of the design, test, operation and inspection requirements for all flight hardware and materials, GSE, and their interfaces necessary for a valid identification, assessment, control and mitigation of documented hazards.  This includes technical information concerning hazardous and safety critical equipment, systems, operations, handling and materials.  For all identified hazards, the Contractor shall also document hazard controls, verifications and tracking methods.
The Contractor shall provide technical support to the CONNECT Project for safety working group and technical meetings as necessary in conjunction with TIMs.

6.4 Project Risk Management

Risk Management is a continuous process that identifies risks; analyzes their impact and prioritizes them; develops and carries out plans for risk mitigation, acceptance, or other action; tracks risks and the implementation of mitigation plans; supports informed, timely, and effective decisions to control risks and mitigation plans; and assures that risk information is communicated among all levels of a program/project. The Contractor shall include in progress/update reports, a list of significant open risks and associated mitigation plans. Significant risks are those that have the potential to affect major development milestones and goals (i.e. delivery delay, design-freeze date, cost ceiling, safety, technical trade-offs, etc.).” 
7.0 NASA CONTACTS FOR CONNECT OPPORTUNITY
Contracting Official

Karin Huth


216–433–2770


karin.e.huth@nasa.gov
Project Manager

Lawrence Wald
 
216–433–5219


lawrence.w.wald@nasa.gov
Principle Investigator
Richard Reinhart 

216–433–6588


richard.c.reinhat@nasa.gov
8.0 RELATED DOCUMENTS
The following documents supplement this NRA document but contain data subject to limited distribution and therefore must be transmitted to potential offerors via a secure file transfer.
1. CONNECT SDR Systems Requirements, June 2007

2. CONNECT RF/antenna Requirements, June 2007

3. CONNECT Data Manager Requirements, June 2007

4. CONNECT Mechanical, Electrical and Space Environment Requirements, June 2007

5. STRS Standard Release 1.01, May 2007
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10.0 APPENDIX A-—INSTRUCTIONS FOR REPOSNDING TO NASA RESEARCH ANNOUNCEMENTS

1852.235-72 Instructions for Responding to NASA Research Announcements.

(NOVEMBER 2004)

     (a)  General.

            (1)  Proposals received in response to a NASA Research Announcement (NRA) will be used only for evaluation purposes. NASA does not allow a proposal, the contents of which are not available without restriction from another source, or any unique ideas submitted in response to an NRA to be used as the basis of a solicitation or in negotiation with other organizations, nor is a pre-award synopsis published for individual proposals.

            (2)  A solicited proposal that results in a NASA award becomes part of the record of that transaction and may be available to the public on specific request; however, information or material that NASA and the awardee mutually agree to be of a privileged nature will be held in confidence to the extent permitted by law, including the Freedom of Information Act.

            (3)  NRAs contain programmatic information and certain requirements which apply only to proposals prepared in response to that particular announcement. These instructions contain the general proposal preparation information which applies to responses to all NRAs.

            (4)  A contract, grant, cooperative agreement, or other agreement may be used to accomplish an effort funded in response to an NRA. NASA will determine the appropriate award instrument. Contracts resulting from NRAs are subject to the Federal Acquisition Regulation and the NASA FAR Supplement. Any resultant grants or cooperative agreements will be awarded and administered in accordance with the NASA Grant and Cooperative Agreement Handbook (NPR 5800.1).

            (5)  NASA does not have mandatory forms or formats for responses to NRAs; however, it is requested that proposals conform to the guidelines in these instructions. NASA may accept proposals without discussion; hence, proposals should initially be as complete as possible and be submitted on the proposers' most favorable terms.

            (6)  To be considered for award, a submission must, at a minimum, present a specific project within the areas delineated by the NRA; contain sufficient technical and cost information to permit a meaningful evaluation; be signed by an official authorized to legally bind the submitting organization; not merely offer to perform standard services or to just provide computer facilities or services; and not significantly duplicate a more specific current or pending NASA solicitation.

     (b)  NRA-Specific Items.  Several proposal submission items appear in the NRA itself: the unique NRA identifier; when to submit proposals; where to send proposals; number of copies required; and sources for more information. Items included in these instructions may be supplemented by the NRA.

     (c)  The following information is needed to permit consideration in an objective manner. NRAs will generally specify topics for which additional information or greater detail is desirable. Each proposal copy shall contain all submitted material, including a copy of the transmittal letter if it contains substantive information.

            (1)  Transmittal Letter or Prefatory Material.

                   (i)   The legal name and address of the organization and specific division or campus identification if part of a larger organization;

                   (ii)  A brief, scientifically valid project title intelligible to a scientifically literate reader and suitable for use in the public press;

                   (iii) Type of organization: e.g., profit, nonprofit, educational, small business, minority, women-owned, etc.;

                   (iv) Name and telephone number of the principal investigator and business personnel who may be contacted during evaluation or negotiation;

                    (v) Identification of other organizations that are currently evaluating a proposal for the same efforts;

                    (vi) Identification of the NRA, by number and title, to which the proposal is responding;

                    (vii) Dollar amount requested, desired starting date, and duration of project;

                    (viii) Date of submission; and

                     (ix) Signature of a responsible official or authorized representative of the organization, or any other person authorized to legally bind the organization (unless the signature appears on the proposal itself).

            (2)  Restriction on Use and Disclosure of Proposal Information. Information contained in proposals is used for evaluation purposes only. Offerors or quoters should, in order to maximize protection of trade secrets or other information that is confidential or privileged, place the following notice on the title page of the proposal and specify the information subject to the notice by inserting an appropriate identification in the notice. In any event, information contained in proposals will be protected to the extent permitted by law, but NASA assumes no liability for use and disclosure of information not made subject to the notice.

Notice

Restriction on Use and Disclosure of Proposal Information

The information (data) contained in [insert page numbers or other identification] of this proposal constitutes a trade secret and/or information that is commercial or financial and confidential or privileged. It is furnished to the Government in confidence with the understanding that it will not, without permission of the offeror, be used or disclosed other than for evaluation purposes; provided, however, that in the event a contract (or other agreement) is awarded on the basis of this proposal the Government shall have the right to use and disclose this information (data) to the extent provided in the contract (or other agreement). This restriction does not limit the Government's right to use or disclose this information (data) if obtained from another source without restriction.

(3) Abstract. Include a concise (200-300 word if not otherwise specified in the NRA) abstract describing the objective and the method of approach.

            (4)  Project Description.

                   (i)   The main body of the proposal shall be a detailed statement of the work to be undertaken and should include objectives and expected significance; relation to the present state of knowledge; and relation to previous work done on the project and to related work in progress elsewhere. The statement should outline the plan of work, including the broad design of experiments to be undertaken and a description of experimental methods and procedures. The project description should address the evaluation factors in these instructions and any specific factors in the NRA. Any substantial collaboration with individuals not referred to in the budget or use of consultants should be described. Subcontracting significant portions of a research project is discouraged.

                   (ii)  When it is expected that the effort will require more than one year, the proposal should cover the complete project to the extent that it can be reasonably anticipated. Principal emphasis should be on the first year of work, and the description should distinguish clearly between the first year's work and work planned for subsequent years.

            (5)  Management Approach. For large or complex efforts involving interactions among numerous individuals or other organizations, plans for distribution of responsibilities and arrangements for ensuring a coordinated effort should be described.

            (6)  Personnel. The principal investigator is responsible for supervision of the work and participates in the conduct of the research regardless of whether or not compensated under the award. A short biographical sketch of the principal investigator, a list of principal publications and any exceptional qualifications should be included. Omit social security number and other personal items which do not merit consideration in evaluation of the proposal. Give similar biographical information on other senior professional personnel who will be directly associated with the project. Give the names and titles of any other scientists and technical personnel associated substantially with the project in an advisory capacity. Universities should list the approximate number of students or other assistants, together with information as to their level of academic attainment. Any special industry-university cooperative arrangements should be described.

            (7)  Facilities and Equipment.

                   (i)   Describe available facilities and major items of equipment especially adapted or suited to the proposed project, and any additional major equipment that will be required. Identify any Government-owned facilities, industrial plant equipment, or special tooling that are proposed for use. Include evidence of its availability and the cognizant Government points of contact.

                    (ii)  Before requesting a major item of capital equipment, the proposer should determine if sharing or loan of equipment already within the organization is a feasible alternative. Where such arrangements cannot be made, the proposal should so state. The need for items that typically can be used for research and non-research purposes should be explained.

            (8)  Proposed Costs (U.S. Proposals Only).

                   (i)   Proposals should contain cost and technical parts in one volume: do not use separate "confidential" salary pages. As applicable, include separate cost estimates for salaries and wages; fringe benefits; equipment; expendable materials and supplies; services; domestic and foreign travel; ADP expenses; publication or page charges; consultants; subcontracts; other miscellaneous identifiable direct costs; and indirect costs. List salaries and wages in appropriate organizational categories (e.g., principal investigator, other scientific and engineering professionals, graduate students, research assistants, and technicians and other non-professional personnel). Estimate all staffing data in terms of staff-months or fractions of full-time.

                   (ii)  Explanatory notes should accompany the cost proposal to provide identification and estimated cost of major capital equipment items to be acquired; purpose and estimated number and lengths of trips planned; basis for indirect cost computation (including date of most recent negotiation and cognizant agency); and clarification of other items in the cost proposal that are not self-evident. List estimated expenses as yearly requirements by major work phases.

                    (iii) Allowable costs are governed by FAR Part 31 and the NASA FAR Supplement Part 1831 (and OMB Circulars A-21 for educational institutions and A-122 for nonprofit organizations).

                    (iv) Use of NASA funds--NASA funding may not be used for foreign research efforts at any level, whether as a collaborator or a subcontract. The direct purchase of supplies and/or services, which do not constitute research, from non-U.S. sources by U.S. award recipients is permitted. Additionally, in accordance with the National Space Transportation Policy, use of a non-U.S. manufactured launch vehicle is permitted only on a no-exchange-of-funds basis.

            (9)  Security. Proposals should not contain security classified material. If the research requires access to or may generate security classified information, the submitter will be required to comply with Government security regulations.

            (10)  Current Support. For other current projects being conducted by the principal investigator, provide title of project, sponsoring agency, and ending date.

            (11)  Special Matters.

                     (i)   Include any required statements of environmental impact of the research, human subject or animal care provisions, conflict of interest, or on such other topics as may be required by the nature of the effort and current statutes, executive orders, or other current Government-wide guidelines.

                    (ii) Identify and discuss risk factors and issues throughout the proposal where they are relevant, and your approach to managing these risks.

                        (iii)  Proposers should include a brief description of the organization, its facilities, and previous work experience in the field of the proposal. Identify the cognizant Government audit agency, inspection agency, and administrative contracting officer, when applicable.

     (d)  Renewal Proposals.

            (1)  Renewal proposals for existing awards will be considered in the same manner as proposals for new endeavors. A renewal proposal should not repeat all of the information that was in the original proposal. The renewal proposal should refer to its predecessor, update the parts that are no longer current, and indicate what elements of the research are expected to be covered during the period for which support is desired. A description of any significant findings since the most recent progress report should be included. The renewal proposal should treat, in reasonable detail, the plans for the next period, contain a cost estimate, and otherwise adhere to these instructions.

            (2)  NASA may renew an effort either through amendment of an existing contract or by a new award.

     (e)  Length.  Unless otherwise specified in the NRA, effort should be made to keep proposals as brief as possible, concentrating on substantive material. Few proposals need exceed 15-20 pages. Necessary detailed information, such as reprints, should be included as attachments. A complete set of attachments is necessary for each copy of the proposal. As proposals are not returned, avoid use of "one-of-a-kind" attachments.

     (f)  Joint Proposals.

           (1)  Where multiple organizations are involved, the proposal may be submitted by only one of them. It should clearly describe the role to be played by the other organizations and indicate the legal and managerial arrangements contemplated. In other instances, simultaneous submission of related proposals from each organization might be appropriate, in which case parallel awards would be made.

            (2)  Where a project of a cooperative nature with NASA is contemplated, describe the contributions expected from any participating NASA investigator and agency facilities or equipment which may be required. The proposal must be confined only to that which the proposing organization can commit itself. "Joint" proposals which specify the internal arrangements NASA will actually make are not acceptable as a means of establishing an agency commitment.

     (g)  Late Proposals. Proposals or proposal modifications received after the latest date specified for receipt may be considered if a significant reduction in cost to the Government is probable or if there are significant technical advantages, as compared with proposals previously received.

     (h)  Withdrawal. Proposals may be withdrawn by the proposer at any time before award. Offerors are requested to notify NASA if the proposal is funded by another organization or of other changed circumstances which dictate termination of evaluation.

     (i)   Evaluation Factors.

           (1)  Unless otherwise specified in the NRA, the principal elements (of approximately equal weight) considered in evaluating a proposal are its relevance to NASA's objectives, intrinsic merit, and cost.

            (2)  Evaluation of a proposal's relevance to NASA's objectives includes the consideration of the potential contribution of the effort to NASA's mission.

            (3)  Evaluation of its intrinsic merit includes the consideration of the following factors of equal importance:

                   (i)   Overall scientific or technical merit of the proposal or unique and innovative methods, approaches, or concepts demonstrated by the proposal.

                   (ii)  Offeror's capabilities, related experience, facilities, techniques, or unique combinations of these which are integral factors for achieving the proposal objectives.

                   (iii) The qualifications, capabilities, and experience of the proposed principal investigator, team leader, or key personnel critical in achieving the proposal objectives.

                   (iv) Overall standing among similar proposals and/or evaluation against the state-of-the-art.

            (4)  Evaluation of the cost of a proposed effort may include the realism and reasonableness of the proposed cost and available funds.

     (j)  Evaluation Techniques. Selection decisions will be made following peer and/or scientific review of the proposals. Several evaluation techniques are regularly used within NASA. In all cases proposals are subject to scientific review by discipline specialists in the area of the proposal. Some proposals are reviewed entirely in-house, others are evaluated by a combination of in-house and selected external reviewers, while yet others are subject to the full external peer review technique (with due regard for conflict-of-interest and protection of proposal information), such as by mail or through assembled panels. The final decisions are made by a NASA selecting official. A proposal which is scientifically and programmatically meritorious, but not selected for award during its initial review, may be included in subsequent reviews unless the proposer requests otherwise.

     (k)  Selection for Award.

            (1)  When a proposal is not selected for award, the proposer will be notified. NASA will explain generally why the proposal was not selected. Proposers desiring additional information may contact the selecting official who will arrange a debriefing.

            (2)  When a proposal is selected for award, negotiation and award will be handled by the procurement office in the funding installation. The proposal is used as the basis for negotiation. The contracting officer may request certain business data and may forward a model award instrument and other information pertinent to negotiation.

     (l)  Additional Guidelines Applicable to Foreign Proposals and Proposals Including Foreign Participation.

          (1)  NASA welcomes proposals from outside the U.S.  However, foreign entities are generally not eligible for funding from NASA.  Therefore, unless otherwise noted in the NRA, proposals from foreign entities should not include a cost plan unless the proposal involves collaboration with a U.S. institution, in which case a cost plan for only the participation of the U.S. entity must be included. Proposals from foreign entities and proposals from U.S. entities that include foreign participation must be endorsed by the respective government agency or funding/sponsoring institution in the country from which the foreign entity is proposing. Such endorsement should indicate that the proposal merits careful consideration by NASA, and if the proposal is selected, sufficient funds will be made available to undertake the activity as proposed.

            (2)  All foreign proposals must be typewritten in English and comply with all other submission requirements stated in the NRA.  All foreign proposals will undergo the same evaluation and selection process as those originating in the U.S. All proposals must be received before the established closing date.  Those received after the closing date will be treated in accordance with paragraph (g) of this provision. Sponsoring foreign government agencies or funding institutions may, in exceptional situations, forward a proposal without endorsement if endorsement is not possible before the announced closing date.  In such cases, the NASA sponsoring office should be advised when a decision on endorsement can be expected.

            (3)  Successful and unsuccessful foreign entities will be contacted directly by the NASA sponsoring office. Copies of these letters will be sent to the foreign sponsor. Should a foreign proposal or a U.S. proposal with foreign participation be selected, NASA's Office of External Relations will arrange with the foreign sponsor for the proposed participation on a no-exchange-of-funds basis, in which NASA and the non-U.S. sponsoring agency or funding institution will each bear the cost of discharging their respective responsibilities.

             (4)  Depending on the nature and extent of the proposed cooperation, these arrangements may entail:

                    (i)   An exchange of letters between NASA and the foreign sponsor; or

                    (ii)  A formal Agency-to-Agency Memorandum of Understanding (MOU).

     (m)  Cancellation of NRA. NASA reserves the right to make no awards under this NRA and to cancel this NRA. NASA assumes no liability for canceling the NRA or for anyone's failure to receive actual notice of cancellation.

(End of provision)

11.0 APPENDIX B—CONNECT SYSTEM DESCRIPTION
11.1 System Configuration
There are four primary nodes in the CONNECT network; ISS, TDRSS, GPS constellation, and to/from various ground stations. The communication path from the CONNECT to Earth (White Sands Complex) will be via TDRSS. Figure 11‑1 illustrates the connectivity between ISS, TDRSS and White Sands Complex. TDRS links are described as forward link from TDRSS to a user spacecraft and return link from the user spacecraft to TDRSS. In this case, the user spacecraft is the CONNECT payload on ISS. Waveforms on different SDRs may operate over S-band Single Access, (SSA), S-band Multiple Access (SMA), and Ka-band Single Access (KSA). For certain experiments, certain SDRs may also receive GPS signals. 
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Figure 11‑1: CONNECT system diagram.

11.2 Operations Concepts 
A range of experiments are planned for this facility. Theses experiments will correspond to two primary time periods; 1) the on orbit checkout period and 2) the experiment period. During the initial checkout period, each possible communication channel will be exercised to ensure that the operation of the entire payload is working correctly. Operating the radios and the associated RF and antenna equipment will verify that the system functions as intended.
After the initial checkout, the communications experiments will examine the operational paradigm-shift of using the flexibility offered by SDR for space communications and navigation. Experiments will be conducted using the capabilities of the radio such as communications and navigation waveforms and applications. These investigations will use the frequency bands
S-Band, L-Band for GPS, and Ka-band. GPS reception will focus initially on the L1 signals; future L2c and L5 signals during the operations stage as they become available. Parameters such as availability, integrity, and performance will be evaluated. Networking capability is envisioned as part of the payload design. Ka-band experiments will include high rate communications, tracking, and pointing and channel characterization.
During the experiment phase radios will be reconfigured over the air with new software and firmware. Applications and waveform parameters such as forward error correction codes (e.g., low density parity check, block codes, Reed Solomon), adaptive power control, signal (pre)distortion (e.g., filtering), acquisition, and timing signals/parameters will be varied. SDR assessments will include single event upset (SEU) fault mitigation and software reliability studies. Examining different trades and techniques for developing procedures to upload software changes will be conducted, along with developing and documenting the supporting configuration management processes needed for these remote changes.
The radios will be compliant with the STRS architecture. Investigations will be conducted before launch, using the bread board evaluation units as the STRS Architecture is developed. The lessons learned from operating the STRS compliant radios will be the basis for updating the standard in the future; likewise, updated architecture implementations will be uploaded to the on-board radios. 
12.0 APPENDIX C—PAYLOAD FUNCTIONAL DESCRIPTION
12.1 CONNECT Functional Diagram

Figure 12‑1 illustrates a conceptual block diagram of the CONNECT payload equipment. NASA anticipates that the orbiting testbed will have up to four reconfigurable SDRs, antenna systems at L-band, S-band, and Ka-band, a data interface/manager function and a payload controller. Antennas may or may not be shared among radios, depending on the cooperative partnerships and offeror’s proposals. 
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Figure 12‑1: CONNECT payload concept diagram.
Software Defined Radios

The reconfigurable radios are envisioned as the most flexible components of the testbed.  Each radio will have similar capabilities in terms of operational frequency band(s) and associated waveform performance.  However, not all CONNECT SDRs will necessarily operate over all three target bands, as Figure 12‑1 indicates.  Having different implementations of the STRS hardware and software architecture is highly desired.  Reconfiguration and operations with new uploaded STRS-compliant waveforms will be a key demonstration for these SDRs.

Control for the radios will come from a Payload Controller, and a Data Manager will route user data to and from the radios.  Most experiments will utilize one radio, but there may be occasion for simultaneous operations.  The radios may share some or all of the various antenna systems.  
Antenna Systems

The CoNNeCT payload will require appropriate antennas for each of the frequency bands (L-,
S-, and Ka-band) planned for the experiment. The specifics for each antenna are as follows. 
The L-Band antenna will be used for GPS reception. This antenna(s) requires the capability to receive the current L1 signal, as well as the future L2c and L5 GPS signals. The frequency for L1 is 1575.42 MHz, the L2 Civil Signal will be at 1227.60 MHz and the future L5 signal will be at 1176.45 MHz.

CONNECT will require S-band coverage in two directions.   CONNECT will require coverage in the zenith direction to communicate with the Tracking and Data Relay Satellite System (TDRSS), and will be physically located on the top of the pallet (away from Earth). A frequency assignment will be made to support the communication through the TDRSS. The second S-band coverage will be used to support communication with ground stations.

The requirements for the S-band TDRSS antennas are to operate with both the first and second generation TDRS, using both single and multiple access TDRS antennas. The CONNECT antennas are required to support communications using the waveforms and parameters described in the Space Network User’s Guide.
The primary function for the Ka-band antenna is to provide communication through a TDRS within the NASA allocated Ka-band frequency bands. A specific frequency assignment will be made at a later time. The antenna transmitting aperture will be within the frequency band 25.25 to 27.50 GHz, and the antenna receiving aperture will be within the frequency band 22.55 to 23.55 GHz. The antenna system shall consist of a system that can both provide transmit and receive capabilities. The antenna construction can be constructed with separate physical units or the functionality can be combined into one unit. 
Offerors may propose antenna systems using combined apertures to reduce payload mass or demonstrate new technologies, at an acceptable risk level.

Payload Controller

The Payload Controller, as shown in Figure 12‑1, will serve as the primary controller for the CONNECT payload. The Payload Controller is not considered part of this solicitation. While the architecture and functionality of the Payload Controller is currently being defined, its primary task will be to control and monitor the payload operations, including experiment event sequencing. The primary data interface for the radios will be through the Data Manager.  The currently defined on-orbit interfaces to the Payload Controller will consist of the following:  an independent interface to each of the radios via a MIL-STD 1553 Control Bus, an interface to the ISS MIL-STD 1553 Control Bus, and an interface to the ELC Avionics Interface which will communicate with the Data Manager. In addition to these interfaces, a ground test interface will exist for pre-launch check-out of the radios. There currently exist two access paths for the Payload Controller. The primary path is through the main ISS Control Bus where data will be uplinked through the ISS antennas and the secondary path is through the SDRs where information is received by either the Ka or S-band antenna and routed through the Data Manager to the Payload Controller.

Data Manager

The Data Manager, as shown in Figure 12‑1, will be the primary data interface to each of the proposed SDRs. While the architecture and functionality of the Data Manager is currently being defined, it can be viewed as a context switch, in a minimalist implementation, or as an extended data router with mass storage capabilities in a full implementation. The currently proposed interfaces to the Data Manager will consist the following: a data interface to each of the SDRs, an interface to the ELC Avionics Interface that connects to the Payload Controller, and an interface to the main MIL-STD 1553 ISS Control Bus. The goal is to standardize on a single interface between the Data Manager and each of the SDRs to simplify development and integration of the Data Manager, but this is a goal rather than a requirement of CONNECT. Commanding for the radios will flow from the Payload Controller to each of the radios on a MIL-STD 1553 Control Bus for nominal operations, but options exist to route commanding through the Data Manager for experiments.

A secondary Data Manager goal is to perform on-orbit networking experiments as part of the CONNECT payload. Some of the experiments could include the following: flowing commands and data through the Data Manager to the radios, Delay Tolerant Networking (DTN) evaluation, proposed framing techniques, and time distribution.

12.2 CONNECT Payload Mechanical Diagram

The CONNECT payload will occupy a cargo/payload location (pallet location) within an Express Logistics Carrier (ELC). There is a single pallet location currently allocated to the CONNECT payload. Trade studies are underway to determine if a second pallet location is required to host the number and size of antenna(s) necessary for experiment operations. An ELC supports up to 12 cargo/payload locations. 
Figure 12‑2
 illustrates a single ELC payload location measuring 46 by 36 by 49 in., on-orbit. The stowed volume is reduced according to Figure 12‑3. 
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Figure 12‑2: On-orbit pallet volume for CONNECT payload.
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Figure 12‑3: Stowed pallet volume for CONNECT payload.
The resource allocation to a payload on an ELC pallet location is 500 W and 750 lb. A Space Shuttle flight will transport the ELC to the ISS and either the Space Shuttle or ISS robotic arm will install the ELC onto the ISS truss (currently planned at location S3). Once the ELC and CONNECT payload check-out are complete, the test-bed will serve as an orbiting facility to NASA, industry partners, and academia to conduct experiments.
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