Potential SN S-Band Service Enhancements

Multiple Access Interference Cancellation

The TDRSS MA System provides simultaneous support to multiple spacecraft using the same frequency assignments, discriminated by each spacecraft’s unique PN spreading code using a technique called Code Division Multiple Access (CDMA).  In the case of the TDRSS MA System further discrimination is provided by forming individual beams on each spacecraft provided they are sufficiently separated in space.  Interference can occur between spacecraft if their beams overlap (both spacecraft transmitting in both beams of the MA System or are both within the aperture of an SSA antenna) for a significant period of time.
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Cases where overlap is inherent are in providing support to two rendezvousing vehicles, groups of spacecraft flying in formation or in supporting multiple science packages in remote areas of the earth or on clusters of ocean buoys.

In these cases, the spread spectrum energy from multiple users at the same frequency in the same beam increases the noise floor and may require an individual user to have to increase its transmit power to get adequate performance.
There are a number of operational and communication system design techniques that can be employed to mitigate the interference.  One of the most effective, as illustrated in the recent NASA HQ Coding, Modulation, Link Protocol Study, January 2008, is the use of MA interference cancellation.  In the return link cases discussed above, the cancellation algorithms would be implemented in the receiver in the WSC ground terminals.

MAI may also impact a spread spectrum receiver on a spacecraft.  This can be especially problematic when the transmission sources are widely separated in signal strength.  The case where this is due to the difference in distance of the transmit sources from the receiver is known as the CDMA near/far problem.
A recent example of this was the Range Safety Experiment during the Communications and Navigation Demonstration on Shuttle (CANDOS) demonstration on STS-107.  During the Range Safety experiment there was a desire to receive a strong signal from a launch head ground terminal on earth simultaneously with a weaker signal from TDRS in GEO as an illustration of the ability to achieve range safety signal redundancy from ground- and space-based assets using the same SN spread spectrum signal design from both sources.  For this experiment, transmit power control of the simulated launch head ground terminal based on the STS ephemeris was used to successfully receive both desired signals in the multi-channel receiver on the Shuttle.  Presumably, this same result could also have been achieved autonomously using an MAI cancellation technique in the transceiver.  
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In a subsequent laboratory experiment at GSFC, the cancellation technique was implemented and successfully demonstrated in a transceiver design similar to that flown on the Shuttle.
Using today’s technology, consideration of the impact of adding an MAI capability to the new WSC USSR receiver designs may be warranted in anticipation of more challenging operating environments in the future. 




































