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1 Introduction

One of the feature of NTN significantly different from Terrestrial Network is the much larger propagation delay. Six scenarios are considered as depicted in Table 4.2-2 in TR 38.821. The detail parameters on propagation delay are digested as the following.
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Altitude
	35,786 km
	600 km

1,200 km

	Max beam foot print diameter at nadir
	500 km
	200 km

	Min Elevation angle for both sat-gateway and user equipment
	10°
	10°

	Max distance between satellite and user equipment at min elevation angle
	40,586 km
	1,932 km (600 km altitude)

3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.14 ms (service and feeder links)

Scenario B: 271.57ms (service link only)
	Scenario C: (transparent payload: service and feeder links)

· 25.76ms(600km)

· 41.75ms(1200km)

Scenario D: (regenerative payload: service link only)

· 12.88ms(600km)

· 20.87ms(1200km)

	Max delay variation within a beam (earth fixed user equipment)
	16ms
	4.44ms (600km)

6.44ms (1200km)

	Max differential delay within a beam
	1.6 ms
	0.65 ms (600km and 1200km)


NOTE 2:
Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment

NOTE 3:
Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir
Large propagation will lead to large RTT. In this contribution, we will analyze the impacts caused by large propagation and provide a method to reduce the impacts to UE.
2 Discussion
2.1 The impacts caused by large RTT
According to Table 4.2-2 in TR 38.821, the RTT in GEO is hundreds of ms and the RTT in LEO is tens of ms. Figure 1 illustrates the RTT of LEO and the impacts to Timing Advance and K2 (a DCI field to indicate the slot of UL grant resource), which are much larger than they are in Terrestrial Network. So as K1 (a DCI field to indicate the slot of DL HARQ feedback) and UL grant in RAR. Simply adding bits to TA and K1 and K2 and UL grant of RAR will introduce extraordinary impacts to the specification.
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Figure 1
2.2 Analysis of RTT
In a NTN cell, The UE with the smallest RTT is located at the spot which has shortest distance to the satellite or HAPS. As shown in figure 2 (TS38.811 Figure 7.3.4.1.1-1), a UE located at any other spots will have a RTT variation, which are caused by delta distance (d3 in the figure), additional to the smallest RTT.
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Figure 2
Observation 1: RTT can be separated into two parts: common part and variation part, related to the shortest path and UE location in the cell respectively.

2.3 Solutions
Adding a parameter in SIB to indicate the common part of RTT was proposed. However, the method will still bring impacts to the specification and UE implementation which is different to TN UE.
Figure 3 illustrates a method to handle the common part of RTT by implementation of gNB. As shown in the figure, there is a timing difference between UL frames and DL frames at gNB side, which is different to what we have currently. Taking complex of implementation into consideration, it is better to take slot as the granularity of the timing difference. In Figure 3, UL frame timing is 13 slots later than DL frame timing, which is the floor of RTT common part in the unit of slot. With this method, the common part of RTT is unseen by UE. TA and K1 and K2 and UL grant in RAR only need to handle the variation part of RTT.
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Figure 3
Observation 2: The common part of RTT can be handled transparently to UE at gNB side.
Currently TA field in RAR is 12 bits. So the maximum of TA can be up to 2.13 ms while SCS 15kHz is used. According to Table 4.2-2 in TR 38.821, for GEO, max differential delay within a beam based on Max beam foot print diameter at nadir is 1.6 ms which can be covered by current TS, while max delay variation within a beam (earth fixed user equipment) based on Min Elevation angle is 16 ms which cannot be covered by current TS. Same situation is for LEO. Min Elevation angle cases need to be evaluated.
Proposal 1: RAN2 study asymmetric DL and UL frame timing at gNB side for NTN.
3 Conclusion

Based on the discussions in this paper we have the following observations:
Observation 1: RTT can be separated into two parts: common part and variation part, related to the shortest path and UE location in the cell respectively.

Observation 2: The common part of RTT can be handled transparently to UE at gNB side.
Based on the observations we propose:
Proposal 1: RAN2 study asymmetric DL and UL frame timing at gNB side for NTN.
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