Time delay and ambiguity (draft)

[bookmark: OLE_LINK141][bookmark: OLE_LINK142]The mapping of the spacecraft clock to UTC on the ground can be divided into three stages: spacecraft internal delay, spacecraft-to-ground station delay, and ground station internal delay. The delay model differs from the actual one, which is the reason for the time uncertainty.

· [bookmark: OLE_LINK143][bookmark: OLE_LINK144]Spacecraft internal delay is the delay from the time the clock is measured until the first signal of the corresponding frame is transmitted from the transponder. 

[bookmark: OLE_LINK145][bookmark: OLE_LINK146]The delay inside the spacecraft consists of a fixed delay due to circuit delays, and a bitrate-dependent delay due to coding such as convolution and randomization. The timing of the latch also varies depending on the implementation method of the spacecraft, such as at the frame header or after the synchronization marker, or existence of internal buffer.

· [bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK149]Spacecraft-to-ground station delay is the one-way propagation delay, which is the distance, downlink range, between the spacecraft and the ground station divided by the speed of light.

[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK158]In situations without GNSS, the distance is measured by range operation. More precisely, the correction of the ground station internal delay is fed back to calculate the distance.

· [bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK162]Ground station internal delay refers to the time at which the frame header is received on the ground after the frame is received. Circuit delay within the ground station is often included in distance calculations. Therefore, this delay is primarily within the MODEM. Frames are initially received as a sequence of symbols, and time is required to identify (decode) them as frames. In general, the average value of this delay is measured and subtracted in advance to ensure that the time is within a certain accuracy.

trecv is called as the earth receive time, ERT, and tdecode is generally not an exposed quantity. 

[bookmark: OLE_LINK154][bookmark: OLE_LINK155]Convolutional codes, which have been used in space missions for a long time, have a decoding time jitter. This is because the soft-decoding method using the Viterbi decoder is generally used, and the number of clocks required for decoding varies depending on the signal reliability[1].
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