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1 [bookmark: _Ref298777854]Abstract
This document describes the rationale and proposed choice between Time-Division Duplex (TDD) and Frequency Division Duplex (FDD) for NTN applications.
2 Problem Statement
[bookmark: _GoBack]In TDD transmission, a base station begins transmission as soon as it completes its reception.  However, a user terminal is not able to receive the gateway transmission until the transmitted signal reaches it.  From the time the user terminal completes its transmission till it receives the transmission from the base station, the channel is idle for a complete round trip propagation time. For satellites in the Geosynchronous Earth Orbit (GEO), the one-way propagation time from a user terminal to a base station on the ground is at least 240 msec (at the sub-satellite point).  Thus, the minimum round trip propagation time is at least 480 msec.  The very long turn-around time makes TDD operation extremely inefficient.  For Low Earth Orbit (LEO) satellites, the one-way propagation time from a user terminal to a base station on the ground is a variable, but on the order of 10 msec2.  The round trip propagation time is on the order of 20 msec.  While this turn-around time is significantly shorter than that of GEO, it is still too long compared to what can be achieved in a typical terrestrial network.
3 Analysis and Proposals
For LTE and NR, the basic sub-frame duration is one (1) millisecond.  A reference symbol is inserted every sub-frame. For terrestrial wireless, the round trip propagation times between user terminals and the base stations is a small fraction of a sub-frame. The reference symbols are considered sufficiently frequent to mitigate time-varying changes of the channel.   Time Division Duplexing (TDD) is often used to relieve the burden of user terminals to perform accurate channel estimation by the reciprocity of the propagation characteristics.  For TDD only user terminals, hardware simplicity is also beneficial due to elimination of a separation filter between the transmit and receive sides. For the satellite channels, the channel may change significantly during the long turn-around time.  Thus, for GEO and LEO, the user terminal must use its own channel estimation even in the TDD mode while suffering from the inefficiency of channel utilization caused by the long turn-around time as mentioned in the problem statement.
1. The one-way propagation delays of a LEO satellite at 1000 km above the earth surface to a terminal at the sub-satellite point and edge of view are 3.3 msec and 10.3 msec, respectively.
The turn-around time for High Altitude Platforms (HAPS) is typically within one (1) millisecond, as their altitude is at 20 km and their cell/sector size is at least one order of magnitude less that of the LEO satellites.  But if HAPS is sharing the same satellite terminal receive frequency band from GEO or LEO satellites, TDD transmission from the HAPS may interfere with the satellite transmission.  Similarly, if it is sharing the same satellite terminal transmit frequency band with GEO or LEO, the TDD transmission may interfere with the satellite reception.
Proposal 1. GEO and LEO satellites shall use Frequency Division Duplex (FDD) within the satellite transmit and receive frequency bands allocated.  The user terminals shall use the respective transmit and receive bands as allocated.
Proposal 2. HAPS may use either TDD or FDD in the frequency bands not shared with satellites. HAPS shall use FDD in the same direction as GEO or LEO when they are sharing the frequency band with the satellites.

