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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
Note:
· This new study item does not address regulatory issues.



In this paper, we discuss propagation delay issues in TDD duplexing mode.
Discussion
[bookmark: _Toc510712179]FDD versus TDD duplexing mode has been studied, and the following high-level summary is captured in TR 38.811 [2]. 
“When considering TDD mode, a guard time is necessary to prevent UE to simultaneously transmit and receive. This guard time directly depends on the propagation delay between UE and gNB. This guard time will directly impact the useful throughput and hence the spectral efficiency. Guard time would range between 2 x 7 ms for LEO at 600 km and 2 x 270 ms for GEO satellite access networks since NTN terminals can experience a one-way propagation time from 7 ms to 270 ms. Such excessive guard time would lead to a very inefficient radio interface especially in GEO or even MEO based access. It is concluded that, TDD mode can be considered for both HAPS and LEO satellite-based access network with potential NR impacts if required.”
[bookmark: _Toc525839358]In TDD mode, excessive guard time leads to a very inefficient radio interface especially in GEO or even MEO based access.

TDD mode can be considered for LEO satellite-based access network. For LEO case, the propagation delay is worse with bent-pipe model and the delays are summarized in the following table [2]. 
Table 5.3.4.1-1: Propagation delays for different NGSO satellites (altitude and payload types)
	 
	 
	LEO at 600 km
	LEO at 1500 km

	Elevation angle
	Path
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)

	One way delay
	Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661



In the companion papers [3][4][5], we have analysed the impact of the propagation delay on layer 2 protocols and it is concluded that the impacts are limited. Due to the TDD operation mode, the delay can be even larger due to a temporarily unavailable UL/DL subframes. As discussed in the TR [2], the guard period is on the same scale as the propagation delay. 
However, it is unlikely that the progagation delay of LEO case under a reasonable UL/DL TDD configuration would be ten times larger than its round trip delay. This means that the analysis we have for the GEO satellite which has round trip delay of 500 ms should be sufficient to cover the impact of propagation delay in this case. 
[bookmark: _Toc525839359]The delay impact analysis on GEO satellite with bent-pipe mode, which has a maximum round trip delay of 500 ms, should be sufficient to cover the impact of propagation delay in TDD mode.

Based on these analysis, from the delay impact aspect, RAN2 should confirm that there is no TDD-specific timing requirements and solutions on layer 2 due to propagation delay. 
[bookmark: _Toc525839403]There is no TDD-specific timing requirements and solutions on layer 2 due to propagation delay.
Details on TDD could be considered if futher impacts are identifed in RAN1, but a higher priority shall be given to FDD due to many aspects that need to be studied, that most common deployments for the satellite target FDD, and the limited TU in this SI. 
[bookmark: _Toc525839404]Down-prioritize TDD in this study item.

Lastly, the above obserations should be catpured in the TR [6]. 
[bookmark: _Toc525760257][bookmark: _Toc525839405]Capture these observations into the TR. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	In TDD mode, excessive guard time leads to a very inefficient radio interface especially in GEO or even MEO based access.
Observation 2	The delay impact analysis on GEO satellite with bent-pipe mode, which has a maximum round trip delay of 500 ms, should be sufficient to cover the impact of propagation delay in TDD mode.

Based on the discussion in the previous sections we propose the following:
Proposal 1	There is no TDD-specific timing requirements and solutions on layer 2 due to propagation delay.
Proposal 2	Down-prioritize TDD in this study item.
Proposal 3	Capture these observations into the TR.
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