16th International Conference on Space Operations, 3 - 5 May 2021. 


SpaceOps-2021,8,x1355
Application of Variable Data Rate (VDR) Towards Channel Optimization
Howard Garon, Victor Sank, Frank Stocklin, Nancy Huynh, Obadiah Kegege
NASA Goddard Space Flight Center, 8800 Greenbelt Road, Greenbelt, Maryland, 20771, USA.   howard.garon@nasa.gov  
Abstract
Recognizing the vagaries of channel impediments, one way to optimize aggregate channel information throughput is to maintain a constant symbol rate but vary the modulation scheme and/or the codec rate. The CCSDS VCM and ACM standards promulgation relies upon this kind of an approach.  We offer a considerably simpler alternative for spacecraft that are not parked in geo-stationary orbit, one that can rely upon conventional spacecraft housekeeping schedules to change spacecraft and ground operations and will minimize the possibility of requiring any spacecraft hardware accommodations to incorporate. We suggest the use of varying the physical symbol rate within the channel to both initiate acquisition earlier in a pass and retain the link longer as the pass tends toward loss of signal. There is nothing new in what we propose, just a recognition of what has been successful in the past and employed in multiple missions. Integrating over the periodicity of orbit repetition, we shall show that any link that is dependent primarily on a varying range from spacecraft to ground only requires a maximum of five symbol rate transitions in order to optimize total information throughput. By applying these symbol rate transitions using almost rigid rules, we anticipate doubling the information throughput for conventional LEO sun-synchronous orbits. We provide other examples as well.
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1. Introduction
The pressing need for increased science downlink data rates from low earth orbiting (LEO) satellites, especially those related to the earth sciences, has created a burden on the size, weight and power (SWAP) required of these spacecraft. Part of this has been alleviated by the transition to the higher frequency bands such as Ka (25.5 – 27 Ghz ). This transition has allowed gigabit/second data rates to be transmitted to ground stations. Typically, these LEO missions are in 600-700km polar orbits with pass durations on the order of 6 to 10 minutes. To minimize the effects of atmospherics, the passes are scheduled to begin and finish at ground antenna elevations greater than 10°. The RF links are designed to be reliable, achieving link margins better than 2 or 3 dB while tolerating bit error rates (BER) that  permit meeting desired information throughput. As the pass proceeds both slant range and atmospheric effects decrease so that additional link margin becomes available. Fixed physical data rates are unable to take advantage of the increased margin. On the other hand, a scheduled variable data rate (VDR) process can directly address this shortcoming. In fact, we can demonstrate that it is possible to achieve a significant throughput multiplier just by scheduling data rate increases during the pass commensurate with the additional link margin.
2. Description of the Process
As depicted in Figure 1, each pass has different geometry as the spacecraft goes thru its orbital cycle. Every pass may be characterized in precisely the same way: The spacecraft signal is initially acquired (AOS) at low elevation angle (delineated by the station mask), the spacecraft decreases range as it goes to zenith at the closest point of approach to the station, finally increasing range from the station until loss of signal (LOS). This simple monotonic behavior both before and after zenith is repeated for each orbit cycle after cycle.  The signal to noise variation during a typical pass will also vary monotonically as the zenith is approached and then passed. The Variable Data Rate process takes advantage of this simplicity by varying the downlink data rate during each pass, as permitted by the expected signal margin. Scheduling scripts for each pass are created with corresponding increases and decreases in data rates coinciding with predicted link margins during the duration of the pass. In our experience, only three to four data rates are necessary in order to accommodate all passes, especially in handling polar orbits. This simplicity works to the advantage of spacecraft mission design and may result in a significant reduction of overall downlink system complexity. The ground station receivers need to be synchronized to the data rate changes but for the most part they are passive in this. Currently available commercial receivers are data rate agile. With no additional hardware requirement, integrated over a number of passes the VDR process can result in an approximate doubling of the data volume collected (Figure 3). In contrast to varying the modulation scheme and/or codec rate, a VDR approach results in no increase in the effective radiated power (EIRP) from the spacecraft. That is critical when addressing the SWAP problem.   As a side note, a further doubling could be obtained by resorting to dual polarization.
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Figure 1.  Range variation during LEO pass for various orbital plane inclinations.
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Figure 2.  Signal to noise variation during a typical LEO pass.
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Figure 3.  Effective pass time as a function of orbital plane inclination..
3. Demonstration
To demonstrate the VDR process a 700 Km polar orbit was postulated with a maximum of up to four different data rates employed per pass. Starting with an initial 100 Mega-symbols/second (Ms/s) at acquisition of signal (AOS), the data rate is doubled as the pass permits to a maximum of 800Ms/s. After achieving zenith, the process is reversed and then the spacecraft reduces its downlink data rate by factors of two towards loss of signal (LOS), again as the path dictated. In this particular example, a direct overhead pass at this assumed central Alaska ground station provides an estimated 10 minute total contact time between AOS and LOS.  For this rather typical sun-synchronous orbit case with spacecraft at 700km altitude, integrated over a 90 day interval the effective data volume increases by a factor of 1.95 compared to using a single data rate dictated by the range extrema of the pass. Figure 4 provides the accumulated statistics of the spacecraft passes.
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Figure 4.  Effective vs actual contact time for a typical sun-synchronous polar orbit at 700km 
4. Summary and Conclusion
Variable Data Rate is attractive for its simplicity. It is not a new process but it offers significant improvement in channel throughput  with a corresponding reduction in system complexity.
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