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1. Introduction
This input deals with file upload profile from the NGU WG. Such requirement was discussed during the previous meeting in ESTEC and accepted as task of the RFM WG.

The requirement is to be able to command up to 2 Msps (coding overhead included) with the same spectral efficiency of today’s modulation. This requires a simple update of recommendation 2.2.8 that is currently limited to 1 Msps. Additionally, more symbol rates should be made available by allowing 1.5 dB steps instead of today’s 3 dB. 

2. Proposed solutions
The current CCSDS (401-B-20) recommendation 2.2.8 allows a BPSK (suppressed carrier) mode for telecommanding, while the subcarrier and the bi-phase modes on a residual carrier are covered by other two recommendations.

The allowed bit rates of recommendation 2.2.8 are given by:

R = 1000 * 2n bps with n = 0,1. ...10
In order to extend the bit rate to 2 Mbps and reduce the step size from 3 dB to 1.5 dB, the above equation could be simply modified to read:
R = 1000 * 2n/2 bps with n = 0,1. ...22
Typically, today’s digital modulators can be programmed to cover a range of BPSK bit rates with a certain resolution (for instance 0.01 bps is not uncommon) while the above formula yields non integer bit rates with an infinite number of decimals when n is odd.  

Given that the current formula in recommendation 2.2.8 yields only integer data rates differently from the recommendation on subcarrier modulation, it is proposed to continue along this choice. At first sight, the following two simple options seem able to do the job:
Option a)
R = 1000 * INT (2n/2) bps with n = 0,1. ...22

Option b)
R = 1000 * ROUND (2n/2) bps with n = 0,1. ...22

However, the INT function returns the same value for some of the selectable n values. As can be seen in Table 1 below created by MS Excel, many other possibilities exist. It is to be noted, additionally, that the ROUND function is sometimes defined with two inputs, the number to be rounded and the number of digits for the rounding. If the number of digits is set to zero (rounding to the nearest integer), then the same problems identified with the INT functions are present.
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Table 1 – Possible formulas and resulting bit rates
Additionally, some text shall be added to explain the truncation or rounding effect of the selected mathematical function.

The proposed revisions to the current version of recommendation 2.2.8 are shown in the next pages. Note that ESA has no preference for any of the identified formulas of Table 1.
2.2.8
 SUPPRESSED CARRIER TELECOMMAND SYSTEMS

The CCSDS,
considering
(a)
that missions in the near future may require higher rate telecommanding capabilities, up to 2.048 Mbps and with 1.5-dB steps in bit rate;

(b)
that it is important to limit the occupied bandwidth at high telecommand rates to reduce out-of-band interference;

(c)
that BPSK modulated directly on the carrier requires less bandwidth than PCM/PM/Bi-phase-L and subcarrier modulation techniques;

(d)
that some currently used two-way ranging systems are not compatible with suppressed carrier modulations; 

(e)
that the carrier can be recovered from BPSK signals for Doppler measurements using suppressed carrier tracking techniques such as the Costas loop;

(f)
that some missions do not require ranging nor do they require a distinct carrier component for Doppler measurement;

noting


that there are residual carrier CCSDS recommendations for simultaneous telecommand and ranging;

recommends
(1)
that when a residual carrier system does not satisfy the mission requirements, CCSDS agencies use BPSK modulation for telecommand data transmissions up to 2.048 Mbps;

(2)
that the telecommand bit rates for BPSK modulation be selected in the range 
R = 1000 * FUNCTION-TO-BE-AGREED (2n/2) bps with n = 0,1. ...22 

where the FUNCTION-TO-BE-AGREED (x) is defined as …..






































































































































































































































































































�See CCSDS Recommendations 401 (2.2.2) B-1 to 401 (2.2.7) B-1.





