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1. Introduction
In the following we report the BepiColombo requirement specifications for the up-link chip rate (para.2) and the down-link telemetry data rate (para.3). The expression used for the derivation of the chip rate from the carrier frequency is similar to the one reported in the CCSDS White Book and hereafter copied: 
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(1.1)
In the conclusion (para.4) the comparison between the different approaches is reported taking into account the compatibility (regarding RFI issues) with the telemetry (TM) down-link.       
2. BepiColombo Requirement for Up-link Chip Rate

The chip rate shall be 
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.  The ranging signal shall be frequency coherent with the X-band up-link carrier (
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(2.1)
With  l=1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12
. 

At least, the following values for l shall be supported: l=4, 8 and 12.
NOTE 1 – The present configuration of the ESA ground station does not allow to easily implement the above integer ratios between chip rate and carrier frequency. Applying the simplest H/W implementation, the selected value will be different with respect to the theoretical one, the offset shall be less than 5x10-3 p.p.m. (TBC/ESA). According to this approach, the chip rate shall be coherent to the up-link carrier frequency (same reference oscillator) and very close to the values above indicated.  

NOTE 2 – The selected approach takes into account the interoperability issues as recommended by CCSDS (see “PN Ranging Systems” - CCSDS White Book). According to the above equation, the chip rate fchip can be selected in the range from 221F1/213 (258 kHz, approx.) to 3(221F1/211  (3.1 MHz, approx.) with step 221F1/213 (258 kHz, approx.), being F1 equal to the receiver nominal frequency divided by 749 (see § 2.2-10).

3. BepiColombo Requirement for Down-link Telemetry Modulation Rate

In case of PCM/PSK/PM signalling, the maximum telemetry subcarrier frequency shall be lower than 300kHz.

In   case  of  SP-L  signalling,  the  maximum  encoded  data  rate  (at transponder  input  interface, see Note 2 in the following)  must be smaller than 1.5 Msps both for X and Ka-band  Exciter.
NOTE 1 - In the baseline approach the transponder acts as in a transparent way with the SP-L formatted data provided at transponder input.
NOTE 2 - In this document the encoded data rate at transponder input represents 1/2 the value of the SP-L symbol rate. A data rate of 1.5 Msps corresponds to a SP-L symbol rate of 3 Msps and to a null in the spectrum at 3 MHz.
NOTE 3 - The maximum data rate value supported by the transponder is defined by the RF filtering in the transmitting chains (i.e.  SAW filter ±3.5 MHz around the carrier), this corresponds to approximately 1.5 Msps at transponder input (3 Msps SP-L encoded).
NOTE 4 - In  case  of  TM + STD RNG the maximum data rate at               transponder  input  is  750 Ksps, this allows using the maximum value  (according  to  the ESA STD) for the ranging clock which shall  be applied close to the null of the SP-L spectrum at 1.5 MHz.
NOTE 5 - According to the current specification for PN RNG (in Para.2.1-164) we  have  for  "l"  the maximum value of 12 that corresponds  to  fchip  of  approximately 3.1 MHz. In this case when we apply TM + PN RNG the maximum data rate at transponder input is about 750 Ksps. This allows having the PN clock close to the       null of the SP-L spectrum at 1.5 MHz approximately.
4. Conclusions
1. Cross-support -- The expression (2.1) from BepiColombo requirements covers also the following CCDSD cases: row 1, 2, 4 and 8. At present the specified values (see para.2) are related to l=4, l=8 and l=12.  The last value (l=12) is not covered by the CCSDS expression.  
The cases l=4 and l=8 can be considered for BepiColombo cross-support.

	#
	l 
(in expression 2.1)

	k 
(in expression 1.1)
(CCSDS White Book)
	Chip Rate (Mcps)
	Note

	1
	1
	6
	≈ 0.258
	(*)

	2
	2
	5
	≈ 0.516
	(*)

	3
	3
	N.A.
	≈ 0.774
	(*)

	4
	4
	4
	≈1.032
	Implemented in  BepiColombo EM 

	5
	5
	N.A.
	≈ 1.290
	(*)

	6
	6
	N.A.
	≈ 1.548
	(*)

	7
	7
	N.A.
	≈ 1.806
	(*)

	8
	8
	3
	≈2.065
	Implemented in  BepiColombo EM 

	9
	9
	N.A.
	≈2.323
	(*)

	10
	10
	N.A.
	≈2.581
	(*)

	11
	11
	N.A.
	≈2.839
	(*)

	12
	12
	N.A.
	≈3.096
	Implemented in  BepiColombo EM 


(*) At present not considered for BepiColombo EM, see footnote 3 in para.2. 

Table 4-A
2. Advantage of expression (2.1) w.r.t. (1.1) --   The expression 2.1 (at present proposed for BepiColombo) provides more flexibility for the selection of the chip rate, with a frequency resolution step of 258 KHz. Indeed the CCSDS expression is based on a “power-of-2” low, it means that we can have 258, 516, 1032, 2065, 4130 Kcps. For this reason expression 2.1 provides more flexibility in particular taking into account the compatibility with the down-link TM data rate. This is an issue for BepiColombo mission due to the stringent requirement in terms of overall data return. For this reason selecting the chip rate according to the current data rate (different data rate can be selected during the mission according to the mission profile) is particular useful. In order to reduce the mutual RFI issues between TM and PN ranging signals, the current BepiColombo baseline foresees the application of a chip rate related to the used TM data rate; the target is to place the ranging clock (at Fchip/2) close to the null of the SP-L TM spectrum. This is also the general rule used by ESA when using the standard ranging.  

� As preliminary indication, at an increasing of the chip rate value, we can consider the following: 


Better accuracy in the ranging measurement (for high Ec/No, Ec=chip energy, No=noise spectral density)


Reduced performances at low Ec/No with increasing of ranging operative threshold 


Higher on-board power consumption


Stronger impact regarding on-board complexity, including the filtering actions to avoid interference on contiguous channels and on the TC and TM signal components. 


Note that the transparent ranging channel shall be designed for ESA standard Ranging; however, transparent channel testing when applying PN ranging with the proper chip rate (i.e. ranging clock at the same frequency of the ESA standard ranging) shall be carried out.


� This allows simplifying the on-board processing for code signal acquisition/tracking.


� In principle the X/X/Ka DST supports all values of l in the range from 1 to 12. However, to reduce on-board complexity it is recommended to tailor a subset according to the actual mission requirements and telemetry rate constraints.
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