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1 [bookmark: _Ref298777854]Abstract
This document describes the impact of round trip propagation delay of NTN networks to the control loops for the NR UE.
2 Problem Statement1
NTN terminals using GEO satellite systems can experience a one-way propagation time of 240 msec at minimum, 270 msec at maximum between UE and satellite basestation.  The basestation can observe the effect of its control signal sent to the UE only after the round trip plus some processing time, which is more than ½ second later.  Similarly the UE can observe the result of its request to the basestation in about the same time interval.   The slow reaction time have some performance impact on most control loops including frequency, timing adjustments, power control, adaptive modulation and coding (ACM), and the Automatic Repeat and Request (ARQ).
For a LEO satellite systems with a typical 1000 km orbit, the one way propagation delay changes continuously between 3 msec when the satellite is directly overhead, and 10 msec when the satellite at first appears in view and at last disappears at horizon.  Because it is a continuously changing variable, the control loops must be designed for the worst case, which is about 20 msec round trip plus additional processing time.  While this is considerably better than GEO systems, it is far longer than the terrestrial only UE or basestation expects.  Some impact on performance can also be expected.
3 Discussions
While slower reaction on the control loops affect the performance of all the control loops between UE and basestation, most of them requires some adjustments in implementation, but not fundamentally different design.  For example, initial acquisition of frequency and frame timing may takes considerably longer, as each hypothesis test will take longer.  But, the search algorithms are the same.  Doppler frequency and frame timing caused by satellite motion for GEO is smaller than the typical vehicular motion, and can be accommodated by margin if needed.  The Doppler caused by LEO satellite motion is greater, but is predictable.  The basestation may be able to pre-compensate for a given beam at the 
1. Even though the coverage area for a HAPS platform is considerably larger than a typical terrestrial cell, the maximum round trip propagation delay is expected to be less than 1 msec.
beam center on a satellite, such that the algorithm in the UE designed for terrestrial application should be able to accommodate the additional differential Doppler.
While the link margin may be different for specific links and systems depending on applications, satellite power is typically at a premium.  Due to the large free space loss and limited e.i.r.p. and battery power available at UE, power margin is also limited for mobile terminals.  Thus, limited amount of power control is typically available for the GEO satellite links.  Connectivity is maintain through ACM by using a lower code rate and if possible a lower order modulation if available.  When the ACM option is exhausted, link outage results.  Similarly, when more power is available, higher code rate or higher order modulation is used for more bandwidth efficiency.  For Ka-band satellites, ACM is an essential tool that maintains connection through rain fades, which typically changes somewhat slower than the ½ second round trip delay.  It generally works well with some hysteresis to avoid excessive oscillations between two ACM modulation coding modes.  But, this reaction time is too slow for ACM to adapt for changes of signal strength for mobile terminals when line of sight is interrupted by shadowing.
For GEO systems in S-band, the main issue is multipath fading, which can be much faster than ½ second round trip delay.  As such, ACM will not be able to follow it.  ACM algorithm attempts to settle on a modulation coding mode that closes the link if possible, giving up some power to maintain a margin.
For LEO satellites, ACM may also be used to adapt for the large variation of free space loss.  The variation is sufficiently slow compared to the 20 msec worst case round trip delay.  It should also be able to react to shadowing fades to a large extent, but still unable to follow fast fading.
The long round trip delay certainly impacts the reaction time of ARQ.  For the GEO satellite systems, more buffer needs to be allocated for transmitted data until an acknowledgement is received from the receive end.  Retransmit time-out will also be much longer.  Those are generally considered as implementation issues, however, not impacts on the fundamental design. 
The longer round trip delay can affect the upper layer performance, however.  For example, the Transmission Control Protocol (TCP) transmission window is scaled by the round trip delay detected.  It considers the slow reaction of the satellite link as congestion, forcing reduction of the transmission window.  The reduced transmission window causes the link to be much underutilized.  A Performance Enhancement Proxy (PEP) is typically introduced for GEO satellite UE and gateway to mitigate this problem.  The PEP is typically implemented on both forward and return link for GEO Very Small Aperture Terminals (VSAT).  In the terrestrial wireless networks, a similar PEP is also introduced in the basestations for broadband connections.  In such case, the PEP is only applied to the forward link, as the traffic in the return link is typically small and a slower TCP connection is tolerable.  This tradeoff makes sense, since including PEP in the UE would have impact on the terrestrial wireless standard.  Our current assumption is that the same forward link PEP works with the satellite link round trip delays for both GEO and LEO, except the parameters may have to be adjusted.  
Potential impact on other upper layer protocols need to be investigated further for LEO satellite systems.
4 Observations
The following table summarizes the observations above.  Here we use “N/A” for “does not apply” and “N/E“ for “Non-existent”.
	
	GEO Ka-band
	GEO S-band
	LEO Ka-band
	LEO S-band

	Rain Fade
	ACM
	N/E
	ACM 
	N/E

	Shadowing
	N/A
	N/A
	ACM
	ACM

	Fast Fading
	N/A
	N/A
	N/A
	N/A

	Path Loss Variation
	N/E
	N/E
	ACM
	ACM

	Forward link TCP transmission window
	PEP
	PEP
	FFS
	FFS
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