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Introduction
In the RAN plenary #80 meeting, a new RAN3 SI on “solutions evaluation for NR to support Non Terrestrial Network” was approved [1]. One of the objectives is related to the propagation delay which is stated as follows:
· [bookmark: OLE_LINK9]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]
During RAN2#130bis meeting, the impacts of propagation delay on user plane are discussed and some general agreements are achieved as follows. 
	UP Impacts to study
1.	DRX
2.	HARQ 
3.	Random access response 
4.	RLC/PDCP reordering (e.g. timers and SN space)
5.	SDAP => no impact


[bookmark: OLE_LINK7]In this contribution, we will further discuss the impact of high propagation delay in Non Terrestrial Network (NTN) based on the above agreements.
Discussion
The relation between the altitude of satellite and propagation delay is showed in the following tables [2].
Table 1 Propagation delays for different NGEO satellites (altitude and payload types) 
	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km

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

	UE: 10°
	satellite - UE
	1932.24
	6,440
	3647.5
	12,158
	14018.16
	46.727

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333

	Bent pipe satellite

	One way delay
	Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45



Table 2 Propagation delays for GEO satellite at 35786 km
	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite - UE
	40586
	135.286

	GW : 5°
	satellite - gateway
	41126.6
	137.088

	90°
	satellite - UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751

	Regenerative Satellite

	One way delay
	Satellite -UE
	40586
	135.286

	Round Trip Time
	Satellite-UE-Satellite
	81172
	270.572


As shown in above tables, the round trip delay (RTD) of MEO at 10000 km is up to 93.45ms while the round trip delay for GEO satellite arrives at 544.751ms. The overly large RTD has negligible impacts to the timers in the communication system.
We think it is a bit early to make conclusion on every timer at this stage, since some enhancements/modifications maybe needed in NTN and these enhancements/modifications may impact timers. For example, if HARQ is not supported then there is no need to have some timers at all, e.g. retransmission timer, reordering timer, etc. 
But we think it is possible to conclude on some general principles on timer impacts in NTN. Considering the impacts due to long RTD, we think in general there are 2 types of timers may be impacted:
Type 1: Timers which need to cover the RTD(s). 
This kind of timers are mainly used to control the UE to perform (no perform) some procedures, which may cover the entire RTD(s). Thus, they have to be running for the entire RTD(s). 
For example:
· T300 and T301 in RRC: T300 and T301 are used to avoid too many random access re-attempts when the network is overloaded or the wireless environment is extremely bad. Both of them should cover the whole random access procedure, including Msg1 – Msg4 transmissions and several possible re-attempts. Backoff also needs to be considered. Apparently they need to cover more than one RTDs.
· [bookmark: OLE_LINK87][bookmark: OLE_LINK88]sr-ProhibitTimer in MAC: During the SR transmission, no extra SR is expected to be triggered. Thus, sr-ProhibitTimer needs to cover at least one RTD to allow the gNB to provide UL grant. 
Considering that RTD in NTN is longer than Rel-15 NR system, this kind of timers should be extended. In the following table, some more timers needing extension are listed. Note that the table may not cover all the timers but only a portion.  
[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Table 1: Timers needing extension
	MAC timers
	RLC timers
	PDCP timers
	RRC timers

	timeAlignmentTimer
sr-ProhibitTimer
phr-ProhibitTimer
drx-HARQ-RTT-TimerDL
(if HARQ is supported[3])
…
	t-Reassembly 
t-PollRetransmit 
t-StatusProhibit 
…
	t-Reordering
(if HARQ is supported[3])
…
	T300
T310 
T311 
…


[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK103][bookmark: OLE_LINK104]Proposal 1: RAN2 to consider extension for timers covering RTD(s) in NTN.
Type 2: Timers using to control monitoring of PDCCH. 
This kind of timers (most of them are MAC timers) are used to control the UE to monitor the PDCCH. During the timers are running, the gNB has opportunities to schedule the UE via PDCCH. The maximum value of this kind of timers mainly depends on SCS (slot length, symbol length, etc.). If there is no change on SCS in NTN, seems no need to extend this kind of timers. 
But due to the long RTD in NTN, the triggering/starting point of these timers may need to be changed. For example:
· RAR window (not a timer but very similar): The UE needs to monitor PDCCH for RAR within the window after preamble transmission. Due to long RTD in NTN, the offset between preamble transmission and the first possible PDCCH occasion (starting of RAR window) is longer.
Considering the RTD is enlarged, UE doesn’t have to start this kind of timers right away but can wait for a suitable time (to cover RTD) before starting the timers. In other words, an appropriate offset is needed before the starting point of the timers. 
Table 2: Timers needing offset before starting
	MAC timers
	RLC timers
	PDCP timers
	RRC timers

	RAR window
configuredGrantTimer
drx-RetransmissionTimerDL/UL
(if HARQ is supported[3])
…
	…
	…
	…


[bookmark: OLE_LINK101][bookmark: OLE_LINK102]Proposal 2: RAN2 to consider introducing offset for timers related to PDCCH monitoring in NTN.
Conclusion
In this contribution, we discussed the timer impacts of high propagation delay in Non Terrestrial Network (NTN), and we get the following proposals:
Proposal 1: RAN2 to consider extension for timers covering RTD(s) in NTN.
Proposal 1: RAN2 to consider extension for timers covering RTD(s) in NTN.
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