High Rate Demonstration/Channel Characterization

1.1 Overview

This article is regarding the design, analysis and demonstration of an end-to-end communications architecture for bandwidth efficient use of the 650MHz-wide TDRS channel.  NASA’s goal by the end of FY-03 is to characterize the performance of the 650 MHz-wide Ka-Band data service using vendor provided equipment to maximize the data rate available to customers of the Space Network, and define a set of procurement specifications for future SN upgrades.  The paragraphs that follow describe the scope of architecture design, performance analyses, and ground system demonstrations for which NASA is requesting information under this RFI.

1.2 Architecture Design

A reference architecture for the high data rate Ka-band data services is illustrated in Figure 1-1.  To minimize cost to the government, the designed end-to-end architecture should be based on existing (or slightly modified) high data rate equipment to be provided by the contractor for the ground demonstration – (breadboard systems to full production model products are acceptable to illustrate the architecture design and perform the ground demonstration).  Infrastructure upgrades have been implemented at the WSC ground terminals to receive the 650 MHz-wide TDRS Ka-band return signal and output an intermediate frequency of 1200 MHz.  The vendor provided equipment for the Ka-band data services would interface to the 1200 MHz IF.

1.3 Performance Analysis

In order to predict the performance of proposed bandwidth efficient modulation and coding schemes through the TDRS 650 MHz-wide channel, performance simulations will be performed using high fidelity end-to-end models, as illustrated in Figure 1-2.  Using measured performance data for TDRS H and the White Sands ground terminals, in addition to performance data for the vendor provided modulator/demodulator equipment, a comprehensive model of the end-to-end Ka-Band communications system will be developed that includes hardware imperfections (linear and nonlinear distortions), and atmospheric and channel effects.  The results of these analyses will be used to accurately predict the performance of the proposed architecture in terms of implementation loss.  The analyses will also be used to define the customer spacecraft transmitter distortion constraints.
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Figure 1-1.  Reference Architecture for SN Ka-Band Data Services
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Figure 1-2.  TDRSS End-to-End Performance Simulation Model
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Figure 1-3.  Ka-Band Data Service Demonstration Configuration

1.4 Characterization & Demonstration

The performance of the SN Ka-Band 650 MHz-wide channel will be characterized over a range of data rates from 300 Mbps up to the maximum data rate possible through this channel.  The use of bandwidth efficient modulation and coding schemes, using current technology and available wideband communications techniques applicable to the Space Network and its customers, are encouraged to maximize the data rate through the TDRS channel.

The characterization and demonstration activity will be used to substantiate the performance analyses and simulations and to provide the basis for performance and design requirements for WSC ground hardware, RF simulation and testing systems, and Ka-Band customer flight hardware.  This activity is also expected to provide information and test data which will reduce the risk and cost associated with developing flight communications systems for the next generation of earth orbiting satellites which use the SN Ka-Band service.  In order to perform the characterization and demonstration activity, a Ka-band transmit and receive subsystem (described below) will be required, as illustrated in Figure 1-3.

1.4.1 Ka-Band Demonstration Transmitter Subsystem

The contractor will provide the Ka-Band Demonstration Transmitter Subsystem to simulate the TDRSS customer spacecraft high data rate return signal.  The WSC currently has a Ka-band upconverter, TWTA and 1.2 meter antenna that is available for high data rate demonstrations.  The IF interface for the existing Ka-band upconverter operates at either 3.96 GHz or 1.2 GHz.  (Optionally, a contractor provided Ka-Band Demonstration Transmitter Subsystem, including an upconverter, TWTA, and antenna may be located at the contractor’s facility if visibility exists with the TDRS H spacecraft at 171 degrees west longitude.)

Flexibility to vary the data rate, modulation scheme, and to apply coding and pre-equalization is desired in the Demonstration Transmitter Subsystem to aid in the performance characterization of the TDRSS 650 MHz-wide Ka-band channel.

1.4.2 High Data Rate Demonstration Receive Data System

The contractor will provide the High Data Rate Demonstration Receive Data Subsystem compatible with the WSC 1200 MHz IF interface.

Flexibility to vary the receiver subsystem modulation scheme, baseband equalization, data decoding and processing, as required, is desired to aid in the performance characterization of the TDRSS 650 MHz-wide Ka-band channel.

1.5 Frequency Allocations for TDRS H,I,J Ka-band space-to-to links

Figures 1-4 and 1-5 show the primary frequency allocations that exists for TDRS H,I,J Ka‑band space-to-space links. 
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Figure 1-4.  NASA Ka-Band Frequency Allocations, Return Service
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Figure 1-5.  NASA Ka-Band Frequency Allocations, Forward Service
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