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Suggested change to the Proximity-1 data stability recommendation:

3.4.7.2   Short Term Data Rate Stability

The short term data rate stability as measured at the output of the Prox-1 transmitter shall meet the requirements in Table 1.

Table 1.  Short Term Stability Requirements

	Symbol Rate (1/Ts)
	Short Term Stability Requirement

	< 16 Ksps
	(Tavg-Ts(/Ts < 0.001 

     where Tavg is the average symbol period over 10 symbols 

	( 16 Ksps
	(Tavg-Ts(/Ts < 0.001 

     where Tavg is the average symbol period over 100 symbols


3.4.7.3   Data Rate Offset

Generated data symbol rate, measured over an interval greater than 10000 symbol periods, shall differ less than 0.1% from the defined Proximity-1 rates as measured at the output of the transmitter.  
Rationale:  

Analysis for Electra [1] has shown that the radio cannot meet the Prox-1 data rate stability recommendation on a symbol-by-symbol basis as it was previously worded (see Appendix for history of changes to this recommendation).  Because its symbol clock is derived by dividing down the USO frequency which in most cases is not an exact multiple of the Prox-1 specified data rates, Electra dithers the number of samples per symbol to insure that the average symbol rate is equal to the value in the specification in order to achieve an average symbol rate matching the Prox-1 specification.  This can cause a fairly large deviation in symbol period from one symbol to another (up to (7% [1]), in particular when there are relatively few samples per symbol at the high symbol rates.  Electra is one of the primary users of the Prox-1 standard, and it is also anticipated that other Prox-1 radios may also use dithering to meet the symbol rates.  Therefore a change to the recommendation is needed.

As alternative to dithering, one could divide down the oscillator frequency directly to form the symbol clock.  In this case, both the short term and long term symbol rate stability will be commensurate with the stability of the reference oscillator but the  symbol rate itself may be offset from the Prox-1 rates, depending on the oscillator frequency from which the symbol clock is derived from.  This is another approach which could also by used by Prox-1 radios instead of dithering.  Thus a recommendation is needed which covers both situations.

Measurement Interval for Short Term Data Rate Stability
From the receiver perspective, there are two driving forces behind the data rate stability requirement.  First, if the transmitted data rate offset is greater than the acquisition range of the receiver symbol tracking loop, the receiver may fail to acquire symbol timing.  Secondly, data jitter causes degradation in the bit error rate performance (as well as symbol and carrier tracking loop SNR) after symbol timing has been acquired, and if sufficiently large, may cause the symbol tracking loop to drop lock.  Thus there needs to be two recommendations ( one for data rate offset and one for short term stability.

When dithering is used, the symbol tracking loop filter mitigates the effect of the dithering by averaging the loop error signal over multiple symbols.  Therefore the short term data stability can be defined in terms of an average stability over a number of symbols, as long as the value is much less than the normalized loop time constant ( 1/(BLT).  Specifying the recommendation in terms of averaged rate allows for transmitters implementing the dithering technique to meet the data stability recommendation.  

At high symbol rates (e.g., 4 Msps), the lowest 1/(BLT) will be on the order of 1000.  This is based on a maximum symbol tracking loop bandwidth of 4 KHz which is roughly twice the maximum symbol doppler assuming spacecraft-to-spacecraft communications.  Since the maximum symbol doppler decreases in proportion with the symbol rate, this value of 1/(BLT) can be applied to other Prox-1 rates as well.  Since for short term stability, we want to average over an interval much less than the normalized loop time constant, a measurement interval of 100 symbol periods at high data rates ((16 ksps) is reasonable.

Some radios may have a minimum symbol loop bandwidth around 100 Hz, irrespective of data rate.  For a minimum symbol loop bandwidth of 100 Hz , the smallest 1/(BLT) is 10 using the lowest Prox-1 symbol rate (1 Ksps).  Thus for symbol rates below 16 Ksps, the data rate stability should be measured over 10 symbols (because this is a worst case analysis, we do not further divide 1/(BLT) by 10).  

Short Term Data Rate Stability

Having defined the measurement interval, we turn our attention to defining the stability value itself.  Typically, the symbol loop SNR is above 15 dB.  Since the variance of the symbol timing estimate is approximately the inverse of the symbol loop SNR, the standard deviation of the timing estimate at 15 dB loop SNR is about 0.18Ts.  

Since the goal of the recommendation is for the transmitter contribution to timing jitter to be negligible (~ 20 dB lower) compared to the jitter caused by thermal noise at normal operating signal-to-noise ratios, a data rate stability better than 0.1% is a reasonable value.

Data Rate Offset

The Prox-1 data rate offset will be a function of two factors, oscillator drift and a mismatch between the oscillator frequency and integer multiples of the Prox-1 data rates (if no dithering is used).  Onboard spacecraft oscillator drift, which can be caused by aging, temperature, and radiation, is typically less than 20 ppm.  The mismatch should be constrained to be less than the receiver symbol tracking acquisition range.  At 4 Msps, the symbol timing acquisition range should be at least 4 KHz.  This corresponds to 0.1% (1000 ppm) which makes the contribution from oscillator drift negligible.
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Appendix.  History of Changes to Recommendation on Prox-1 Data Rate Stability

The original Prox-1 recommendation on data rate stability was worded as follows:

3.4.7.2  Data Rate Accuracy

Generated data symbol rates shall not deviate by more than 0.1% from the
defined  proximity-1 rates as measured at the output of the transceiver and as measured on a symbol to symbol basis.  

Note: This limits both the average deviation over time and symbol to symbol jitter to both be less than 0.1% of the specified Proximity-1 data rate.
During the Fall 2003 CCSDS Joint Panel 1A/1B/1E meeting, concerns were raised that (1) the recommendation did not differentiate between long term and short term stability, (2) that there may be more exact mathematical ways to specify the stability in terms of Allen Deviation rather than percentage, and (3) that the 0.1% figure was too loose.  In response to these concerns, the recommendation split into two categories:

3.4.7.2 Data Rate Stability

Generated data symbol period (equal to 1/data rate) shall not deviate by more than 0.01% on a symbol-to-symbol basis as measured at the output of the transceiver.

3.4.7.3 Data Rate Accuracy

Generated data symbol rates shall not deviate by more than 0.1% from the defined Proximity-1 rates as measured at the output of the transceiver and as measured on a symbol-to-symbol basis.
At the Spring 2004 Plenary meeting, another concern was raised that no time interval was specified over which the data rate stability was to be measured.  An action item was issued to the RF&Modulation working group to modify the recommendation accordingly.  At the Fall 2004 RF&Mod working group meeting, the following response to the action item was submitted upon based on the CCSDS Blue Book 401.0-B recommendation on subcarrier frequency stability:

3.4.7.2 Short Term Data Rate Stability

Generated data symbol period (equal to 1/data rate) shall not deviate by more than 0.01% over any one hundred symbol periods as measured at the output of the transceiver.

3.4.7.3 Data Rate Offset

Generated data symbol rates shall not deviate by more than 0.1% from the defined Proximity-1 rates as measured at the output of the transceiver.

NOTES: The one hundred symbol periods measurement is based on RF and Modulation requirements, proximity-1 requirements may differ.

The RF and Modulation 401 Blue Book recommendation 2.4.6 includes three terms, short and long term stability and offset. It is not clear if in the proximity-1 link pink sheets the offset includes the long term stability as well.

Following this meeting, Electra voiced its concerns that it could not meet this recommendation on a symbol-by-symbol basis at high symbol rates due to NCO dithering, and this led to the current version as at the beginning of this document.





















































































