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This document highlights the fact that there is a strong requirement for fast timing advance adjustment in case of Satellite links compared to terrestrial communication, as the distance of the mobile terminal to the base station is only varying slowly due to terminal mobility in terrestrial case. The issues or technical problems to solve, related to timing advance (TA) alignment in Satellite communications, are as follows:
1. A strong delay variation is caused by moving satellites (eg. in LEO and MEO orbits) generating a fast change in the overall distance of the propagation from UE over Satellite to BS.
2. The delay is much longer over a satellite link than one Transmission Time interval (TTI, in LTE 1 ms)  
2 Timing Advance Adjustment in Satellite Communication



Downlink and uplink transmissions are organized into frames with  duration, consisting of ten subframes of  duration each. The number of consecutive OFDM symbols per subframe is . Each frame is divided into two equally-sized half-frames of five subframes each. There is one set of frames in the uplink and one set of frames in the downlink on a carrier [1].



Timing advance is a negative offset at the UE, between the start of a received downlink subframe and a transmitted uplink subframe. This offset at the UE is necessary to ensure that the downlink and uplink subframes are synchronized at the eNodeB (or gNB in 5G).  Transmission of uplink frame number  from the UE shall start  before the start of the corresponding downlink frame at the UE.


Fig. 1: Uplink-downlink timing relation [1]
The delay over satellite links (earth hub station containing a BS  satellite  mobile terminal) has a strongly variable delay in case of non-geostationary satellites. A requirement for LTE (or NR) is that all mobile terminals have to transmit on the return link such that all signals arrive synchronously at the earth hub station / BS within the cyclic prefix (CP). All signals from the mobile terminals must arrive with a maximum variation within the cyclic prefix time (4.7 us normal CP, 16.7 us extended CP). So, the individual timing advances of the mobile terminals have to be adjusted dynamically over time, according to variable distance between BS and UE, eg. due to movement by cars, planes, by pedestrians etc. In case of terrestrial communication, the distance (and thus the delay over the transmission link) is determined only by the rather low mobility of the UE (compared to satellite speeds), since all BS are normally static. 
A technical issue arises, when satellite links are included in the transmission chain. In this case, the strong delay variation caused by the moving satellite (e.g. in LEO, MEO orbits) is generating a fast change in the overall distance of the propagation from UE over sat to BS. The Fig. 2 shows exemplarily the variable one way delay over the link from hub station / BS over LEO satellite (at an orbit speed of ~7000 m/s) to mobile terminal with either pure UE functionality or Relay-to-Network type of UE. A high differential delay variation of up to 40 µs/s is experienced in this scenario, requiring a very fast update of the timing advance adjustment in the mobile terminal, thus creating a high load on the control plane. If higher numerologies with higher subcarrier spacing (SCS) are selected, the timing synchronization requirements are more stringent due to the shorter CP. But also in case of Satellite, the delay drift is quite predictable because the motion of the satellites follow known paths.
It has to be noted, that this very fast update of the TA is not required in terrestrial links, because the distance of the terminal to the base station is only varying slowly due to the terminal mobility. In case of GEO satellite links, the terminal mobility is also dominating the TA requirements. 
Another technical issue that arises is that the delay variation over the satellite link is much more than a Transmission Time Interval (TTI; in LTE: 1 ms) and is expected to be even lesser for New Radio, where higher numerologies are considered. E.g. if the subcarrier spacing (SCS) is increasing from 15 kHz (numerology 1) to 60 kHz (numerology 4), the TTI goes down from 1 ms to 250 us. TA adjustment for satellite links will become significant fraction of the CP. Now with higher SCS, the CP length will also reduce. So the transmission timing of the UE has to be adjusted over the borders of individual TTIs.







Table 1: TA granularity, and step size with SCS according to [1]
	Subcarrier spacing (SCS) configuration parameter, µ  
	SCS [kHz]
	RB band-width [kHz]
	TA Granularity [Ts]
	Tstep [ns]
	TA Stepsize [m]
	Max stepsize [ns]
	Max stepsize [m]; assuming a range of +/- NrBits-1

	0
	15
	180
	1024
	520,83
	156,3
	16666,67
	5000,0

	1
	30
	360
	512
	260,42
	78,1
	8333,33
	2500,0

	2
	60
	720
	256
	130,21
	39,1
	4166,67
	1250,0

	3
	120
	1440
	128
	65,10
	19,5
	2083,33
	625,0

	4
	240
	2880
	64
	32,55
	9,8
	1041,67
	312,5

	5
	480
	5760
	32
	16,28
	4,9
	520,83
	156,3



[image: ]
Fig. 2: Exemplarily delay variation over satellite Link in LEO constellation
3 Conclusions
A strong delay variation is caused by moving satellites (eg. in LEO and MEO orbits) generating a fast change in the overall distance of the radio link between UE and BS via Satellite. The delay is much higher and variable over a satellite radio link than over a terrestrial radio link. This delay largely exceeds the Transmission Time interval (Equivalent to one frame) of NR which is equal to or less than 1 ms. However, the delay variation is quite predictable knowing the satellite orbits and UE position. 
Hence, Timing Advance (TA) alignment is an important feature of NR that will be impacted by introduction of NTN in 5G to ensure that all uplink transmission are synchronized at gNB reception point which can be at satellite or at gateway level depending on the architecture scenario.
Solutions towards aligning Uplink signals over satellite links to overcome the predictable delay in NTN need to be investigated in future. Future analysis shall estimate the TA update frequency and whether it can remain above an acceptable periodic time depending on the system tolerance to drift. 
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