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1 Introduction
This note describes the activities performed and the results obtained in the frame of the AI_06-01 from the CCSDS 2006 Spring Meeting. This AI was assigned to ESA as an extension to document SLS-RNG_06-01 [AD.9] to run a spot-check on TM degradation at a normal operating point of Eb/No = -1 dB. 
The document [AD.8] and [AD.9] reported on the ESA analysis performed to estimate the RFI of all the proposed PN ranging schemes on the TM. Results were presented in terms of BER degradation for the TM demodulation due to the PN ranging. Both square and sine chip-waveforms were considered. 
It was noted that both in [AD.8] and [AD.9], rather high TM Eb/No cases have been simulated. It was found that even in these cases, the telemetry BER degradation caused by the interference of PN ranging signal is far from dramatic. Most of the time, the degradation does not exceed 0.5 dB at 10-4 even with ranging modulation index 0.7. The results matched with the independent results presented in input paper SLS-RNG_06-02. 
For lower Eb/No, it is expected that the thermal noise is even more the more dominant source of error and that the RFI of the PN ranging signal becomes negligible. During CCSDS 2006 Spring meeting, an action item was assigned to ESA to run a spot-check on TM degradation at a normal operating point of Eb/No = -1 dB. 

The simulation approach followed here is the same as described in the aforementioned SLS-RNG_05-03. The chip rate and TM data rate have been selected such that the PN ranging clock frequency falls close to the null of the SP-L spectrum
. 
Note -- As background on the PN ranging sequences, we can make reference to the applicable documents in the list above. The following PN ranging sequences have been considered (SQ for square-wave and S for sinusoidal):
· Tausworthe sequence: 



Taus-SQ and Taus-S 
· Balanced Tausworthe sequence majority voting 4:
BT4-SQ and BT4-S 
· Scrambled Stiffler sequence majority voting 8:
SS8-SQ and SS8-S  
2 Simulation description

The description of the simulation is described in detail in [AD.8] and [AD.9] (block diagram, setting of Eb/No etc…).
Concerning the selection of the ranging modulation index, the driver is to have the same power in the ranging signal for both square and sinewave ranging. As shown before in [AD.9], the distribution of the power across the different components of the downlink signal (i.e. carrier, telemetry signal, PN ranging signal) changes when sine or square ranging is used. In case of square-wave ranging, the power in the telemetry and ranging signal are given by:
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On the other hand, if sine-wave ranging is employed, the power in the telemetry and ranging signal are given by:
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Because J02(x) > cos2(x), for values of x = 0.5 and 0.7, the power in the TM signal is higher in case of sine wave ranging, however the ratio is close to one. Since for fixed values mRNG = 0.5 and 0.7 the ratio
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this means that in case of sine wave ranging, there is only half of the power in the ranging signal with respect to square wave ranging. To allow a more fair comparison between square and sine chip waveforms, we want to use the same ranging signal power for both SQ and S ranging. As is evident from the equations above, this “equal power” condition is obtained when:
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Condition for equal power is square and sinewave ranging
Using for mRNG-S 0.5 and 0.7 rad-pk, the corresponding values for mRNG-SQ are given in the table below:

	mRNG-S
	mRNG-SQ
	Power ratio

	0.5
	0.3497
	1.0001

	0.7
	0.4839
	1.0000


Note: in the above discussions we refer to the overall ranging power contribution, in reality only the spectral components falling in the TM main-lobe will affect the BER performances.
The following simulation parameters are used:

· Telemetry modulation PCM/SP-L/PM

· Telemetry bit rate Rb = 500 kbps (symbol rate Rs = 1 Msps)

· Telemetry modulation index mTM = 1.25 rad.pk
· Ranging modulation PCM/NRZ/PM

· PN chip-rate Rc = 1.9 Mcps (ranging clock = 950 kHz close to null of SP-L spectrum)

· Sine ranging modulation index mRNG-S = 0.7 rad.pk
· Square ranging modulation index mRNG-SQ =  0.4839 rad.pk
3 Simulation results
The next table shows the simulated BER performance of a PCM/SP-L/PM telemetry link with simultaneous PN ranging for the Tausworthe sequence.
In the column “Theory”, the theoretical BER for polar signalling is given i.e.
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The table below presents the simulated BER:
	EbNo
	Ideal bi-phase
	Taus-SQ,
mRNG-SQ =  0.4839 rad.pk


	Taus-S,
mRNG-S = 0.7 rad.pk

	-1
	1.04e-1
	1.05e-1
	1.05e-1

	0
	7.87e-2
	7.94e-2
	7.98e-2

	1
	5.63e-2
	5.68e-2
	5.75e-2

	2
	3.75e-2
	3.85e-2
	3.88e-2

	3
	2.29e-2
	2.35e-2
	2.36e-2

	4
	1.21e-2
	1.31e-2
	1.33e-2

	5
	5.95e-3
	6.15e-3
	6.20e-3

	6
	2.39e-3
	2.47e-3
	2.53e-3

	7
	7.73e-4
	8.37e-4
	8.52-4

	8
	1.91e-4
	2.12e-4
	2.13-4

	9
	3.36e-5
	3.85-5
	3.92-4


The results are plotted in a figure from where it is easier to draw some conclusions:
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Figure 1: Simulated BER results: baseband, Taus-SQ (mRNG=0.3497) vs.Taus-S (mRNG=0.5)
As can be seen, the BER degradation due to the interfering PN ranging signal is minimal for both the SQ and S (less than 0.2 dB). At low Eb/No (i.e. below 2 dB), the thermal noise is dominating the TM bit error generation as the BER curve is close to the theoretical curve.
4 Summary and conclusions

In this note, we reported on the activities and simulations performed to cover AI_06-01 from the CCSDS 2006 Spring Meeting. 
The action called to re-run the BER simulations to check on TM degradation at a normal operating point of Eb/No = -1 dB, which is considered a normal telemetry operating points i.e. at low Eb/No thanks to performant error correcting coding.

The simulation showed that over the entire simulated Eb/No range, thermal noise is dominating the TM bit error generation and the influence of the PN ranging signal is negligible.






� This represents the current BepiColombo baseline (see AD.3). Note that the proper selection of chip rate and data rate reduces the RFI contributions both on TM and ranging side.  
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