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Introduction
[bookmark: _Hlk510705081]For current RAN1 discussions under the NTN topic, it is crucial that the existing study report reflects the conditions and parameters that are realistic for representing the deployment scenario. As a result of checking some of the background numbers, our analysis shows that there may be a need to correct the existing values for the round trip time delay drift as it is being presented in TR 38.821 [1]. In particular, the maximum round-trip delay variation in Table 7.1-1 (as shown in the highlighted area below) may be significantly under-estimated for the worst case in NTN scenarios C1/C2 and D1/D2. In this contribution, we present our analysis as a background for the proposed CR. 
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Discussion
The propagation delay between the LEO satellite and UE can be calculated using the associated propagation conditions. In TR 38.821, it was assumed that the round-trip delay between the gNB and UE (i.e., Timing Advance) for transparent NTN is four times the delay between the satellite and UE. For a LEO satellite at altitude , assuming the earth radius is a constant  km, the satellite speed can be calculated as
	
	(1)


where  is the earth’s gravitational constant. Assuming the LEO orbit is a circle of radius  centered around the earth, the timing advance (TA) drift rate can also be calculated by using (1).
Figure 1 (a) and (b) shows the TA of a transparent LEO at km and its drift rate as a function of the UE’s elevation angle, where it is assumed the TA is  the LEO-to-UE propagation delay and the UE is stationary. From the figure it can be seen that the TA drift rate is higher at a lower elevation angle, e.g. at 10⁰ elevation angle, the TA drift rate is approximately . When considering the worst case scenario with the UE at 10⁰ elevation angle and VUE=1200 km/h (based on Table 4.2-2 of [1]),  (corresponding to the UE moving in the direction towards the satellite) and results in the worst case TA drift rate of . The positive rate is when the LEO and UE are moving away from each other (when the elevation angle is decreasing) and the negative rate is when the LEO and UE are moving toward each other (when the elevation angle is increasing). Table 1, for both transparent and regenerative LEO at 600 km altitude.
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(b)


[bookmark: _Ref67320281][bookmark: _Ref67320394]Figure 1. Round-trip delay (i.e., TA) and round-trip delay variation (i.e., TA drift rate) for LEO at 600 Km altitude in (a) and (b) respectively, when the UE is stationary

[bookmark: _Ref67320924]Table 1 TA drift values for GEO600 case
	UE velocity
	LEO transparent payload
TA drift value
	LEO regenerative payload
TA drift value

	0 km/h
	 ms/sec
	 ms/sec

	1200 km/h
	 ms/sec
	 ms/sec



The TA drift rate, or “round-trip delay variation,” can also be calculated analytically. One easy approach is suggested in [2] by considering the relative velocity between the satellite and UE as illustrated in Figure 2. Assuming feeder link delay is the same as service link delay, i.e., the gateway is located near the UE. The drift rate of feeder link part of TA can then be calculated as 
	
	(2)


and the corresponding drift rate of service link part of TA 
	
	(3)


where  and  are respectively the satellite’s velocity and the UE’s velocity projected onto the direction of UE-to-satellite. The worst case scenario is when the UE’s elevation angle is 10⁰ and the UE is moving in the direction of UE-to-satellite. In that case, 
	
	(4)


where 	is evaluated at 10⁰ elevation angle. Using equation (4) results in a TA drift rate of above +/-90μs/sec for the worst case in scenarios C1/C2, as mentioned above. This result is consistent with the mathematical framework in [2] with the note that the calculations in [2] did not consider  the necessary additional factor 2 in order to account for the round-trip nature of the TA drift rate from both service and feeder links. This is the reason why values shown in the highlighted area of Table 7.1-1 above differ from the values analytically calculated here. 

[image: ]
[bookmark: _Ref67320277]Figure 2. LEO satellite and UE in TA drift rate calculation.


Observation 1: The upper bound of TA drift values for the LEO600 case will exceed 90 ms/sec
Proposal 1: Update the TA drift values of Table 7.1-1 of 38.821 to reflect its round-trip nature by considering values as presented in Table 1.


Conclusion
Through an evaluation of the possible TA drift values the following is observed and proposed:
Observation 1: The upper bound of TA drift values for the LEO600 case will exceed 90 ms/sec
Proposal 1: Update the TA drift values of Table 7.1-1 of 38.821 to reflect its round-trip nature by considering values as presented in Table 1.
Based on the above, it is recommended that RAN1 takes the analysis into account and provides an update for 38.821.
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Figure 6 : Maximal Delay Rate computation
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Table 7.1-1: NTN scenarios versus delay constraints, Source [2]
NTN scenarios A B c1_ | c2 D1 | D2
GEO transparent | GEO regenerative |  LEO fransparent | LEO regenerative payload
payioad payioad payload
Satellite altitude 35786 km 600 km
Relative speed of
Satellite with respect to negligible 7.56 km per second
earth
Min elevation for both 10° for service link and 10° for feeder link

feeder and service links

Typical Min / Max NTN
beam foot print diameter 100 km / 3500 km 50 km / 1000 km

(note 1)

Maximum propagation
delay contribution to the
Round Trip Delay on the | >41-46 ms (Worst 27073 ms 2577 s 12.89 ms

case)

radio interface between

the gNB and the UE

Minimum propagation
delay contribution to the
Round Trip Delay on the 477.48 M 23874 ms 8ms 4ms
radio interface between

the gNB and the UE

Maximum Delay
variation as seen by the
UE
(note 2)

Negligible

NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design,
and radio resource management strategy in a given system

NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance)

varies over time when the satellite moves towards/away from the UE. It is expressed in ps/s and is negligible

for GEO scenario

NOTE 3: Void

NOTE 4:Speed of light used for delay calculation is 299792458 m/s.
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