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1 [bookmark: _Ref298777854]Scope
As described in the current SID on NTN [1], based on the outcomes of TR 38.811 ([2]), the following features/adaptations were agreed to be studied for enabling operation of NR protocol in non-terrestrial networks with a priority on satellite access.
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.










This document highlights the strong requirement for continuous fast timing advance adjustments in case of satellite links compared to terrestrial communication, as identified in [2]. In case of satellite communication, the distance of the mobile terminal to the base station is varying rapidly due to satellite movement, whereas in the terrestrial case the distance variation is only due to terminal mobility. The technical problems related to timing advance (TA) alignment in satellite communications are discussed in this document.
2 Timing Advance Adjustment in Satellite Communications
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. If higher numerologies with higher subcarrier spacing (SCS) are selected, the timing synchronization requirements are more stringent due to the shorter CP. Despite, in case of satellite, the delay drift is quite predictable because the motion of the satellites follow known paths.
The technical challenges to be addressed for NR adaptations are as follows:
1. A strong delay variation is caused by fast moving satellites (e.g. in LEO up to 7500 m/s) [2] generating a fast change in the overall distance of the propagation from UE over satellite to gNB, requiring fast adaptations for the uplink receiver synchronization.
2. The delay is much longer over a satellite link than one Transmission Time interval (TTI, in LTE 1 ms) 
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 specified 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 0) to 60 kHz (numerology 2), the TTI goes down from 1 ms to 250 us. As a consequence, the transmission timing of the UE has to be adjusted over the borders of individual TTIs in NTN applications.
As shown in Table 1, the maximum step size for TA adjustment in satellite links is larger than the CP across numerous SCS. The provision for extended CP for 60 kHz is larger than the maximum step size for that SCS, but a larger CP entails inefficient resource utilization, as identified in [2].
[image: ]
Figure 1: Time Alignment at gNB with TA








As described in [5], a timing advance update command, , or a timing advance indicator for a Timing Advance Group (TAG) indicates adjustment of a current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a SCS of  kHz, .
It is obvious, that the number of required TA update commands is already high for individual UEs for NGSO satellites. The required TA update commands for all UEs within a large satellite coverage area would result in a significant control plane overhead in the cell. It has to be mentioned that the maximum possible step size of the TA update command exceeds the CP length by a factor of 4. This means, that for the normal use case, where the uplink timing has to be adjusted with an accuracy of a fraction of the CP to avoid interference, the maximum step size cannot be selected due to the rapid distance change. So the number of required TA update commands is several times higher than given in the table below.
Observation 1: A high number of Timing Advance (TA) update commands becomes necessary to avoid interference in NGSO scenarios.
The timing advance control procedure as defined in [5] can be enhanced taking into account the predictable delay drift between gNB and UE in scenarios involving satellite links.
The delay variation for satellite applications is quite predictable. Depending on the available information, the prediction of the delay variation can be done in the terminal for different time durations. Common for both is a significant reduction of the required control plane overhead for TA adjustments.
· The longest prediction of the fast timing drift is possible, where the UE knows the UE position (e.g. by GNSS) and the satellite ephemeris. So the UE is able to calculate the exact timing advance and apply it for UL transmissions.
· For UEs with less capabilities (e.g. for MTC use cases), not knowing the position and ephemeris, the delay drift prediction can still be done for a smaller time window. Different solutions are possible, when the UE is enabled for timing prediction, e.g. based on the last timing advance commands and their updated values, or based on the observed DL timing drift via SSB tracking. Supporting information by the gNB to the UE is also possible, e.g. provisioning of timing drift rates.
Proposal 1: A UE should be enabled to perform the compensation of the predictable delay variation in NGSO scenarios. Methods of enabling and of compensation are FFS. 
Proposal 2: Both types of UEs, with and without GNSS capability, should be considered.

Table 1: TA granularity, and required step sizes per UE with SCS according to [2].
	Subcarrier spacing (SCS) configuration parameter, µ
	SCS [kHz]
	RB band-width [kHz]
	CP length [us]
	TA granu-larity [Ts]
	Tstep [ns]
	Required TA steps per UE/s @ drift of 35 us/s
	Required absolute minimum number of TA update commands per UE/s, assuming max_step per command (+/-32)*Tstep
	Max step size [µs]

	0
	15
	180
	4.688
	1024
	520.83
	67.2
	2
	16.67

	1
	30
	360
	2.344
	512
	260.42
	134.4
	4
	8.33

	2
	60
	720
	1.172
	256
	130.21
	268.8
	8
	4.17

	3
	120
	1440
	0.586
	128
	65.10
	537.6
	16
	2.08

	4
	240
	2880
	0.293
	64
	32.55
	1075.2
	33
	1.04



3 Conclusions
A strong delay variation is caused by moving satellites generating a fast change in the overall distance of the radio link between UE and BS via satellite. The delay is much higher and more variable over a satellite radio link than over a terrestrial radio link. This delay largely exceeds the TTI (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. The timing advance control procedure as defined in [5] can be enhanced as discussed above, taking into account the predictable delay drift between gNB and UE in scenarios involving satellite links.
Observation 1: A high number of Timing Advance (TA) update commands becomes necessary to avoid interference in NGSO scenarios.
Proposal 1: A UE should be enabled to perform the compensation of the predictable delay variation in NGSO scenarios. Methods of enabling and of compensation are FFS. 
Proposal 2: Both types of UEs, with and without GNSS capability, should be considered.
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