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1 Introduction
The long propagation delay between the gNB and the UE in NTN requires careful consideration when adapting NR to accommodate NTN. This delay is different depending on the height of the satellite orbit: GEO, LEO, MEO, etc. and, also, on whether the NTN uses transparent or regenerative satellites. From TR 38.821[1], the one-way delay can range from 2ms to 272ms depending on the orbit.
In NR Rel.15, the maximum TA is determined from the propagation delay between a terrestrial gNB and UE. In terrestrial networks, the round-trip time (RTT) is around 1ms. However, propagation delays in NTN are much longer. For transparent payload GEO satellites for example, the maximum one-way delay is 272.375ms. Even a regenerative payload LEO satellite at 600km, has a maximum one-way delay of 6.44ms, much longer than terrestrial propagation delays.
In addition, since a LEO satellite moves around its orbit, the propagation delay to a given stationary UE also varies according to the satellite position and elevation angle. If we consider a LEO satellite and a UE on earth, the propagation delay between the UE and satellite will change of the order microseconds during one second depending on elevation angle. 
In RAN1 103-e, the following was agreed on Enhancement for UL time synchronization [2]:
 (
Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement:
In NTN, the network may broadcast 
A common timing offset value 
FFS details of the common timing offset
FFS: A common timing drift rate
Before Msg1/
MsgA
 transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:
Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of 
 and whether 
 is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS.
 
Upon resolving the FFS, one of the X in the equation will be removed.
depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
 is specified in TS 38.211 section 4.1. 
Note: UE will not assume that the RTT between UE and 
gNB
 is equal to the calculated TA for Msg1/
Msg
 A.
Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/
MsgA
 transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or 
msgB
) can be reused without any extension.
)

In this contribution, we discuss our views on the common TA calculation and the need for the TA adjustment at UE side. 
2 
Discussion
2.1 Common TA or common timing offset Calculation
Part of the TA arises from the orbital height of the satellite. The network at any time knows this height (based on the ephemeris information of the satellites). In [1], it is said that “the common TA, which refers to the common component of propagation delay shared by all UEs within the coverage of same satellite beam/cell, is broadcasted by the network per satellite beam/cell. The calculation of this common TA is conducted by the network with assumption of a single reference point for each satellite beam/cell.” The common TA is derived from the RTT between the gNB and a defined reference point.
In the RAN1#102-e meeting, we discussed reference point location options at either the feeder link or the satellite. Both these options mean that the UE-specific differential TA will incorporate the propagation delay for at least all of the service link. A positioning-capable UE could calculate the UE-specific differential TA. However, for a UE not capable of positioning or a positioning capable UE currently not capable of getting an accurate position for example because of an inadequate number of GNSS satellites in view, this can only be determined through the RACH procedure. Further, in the transmission of the RACH preamble the UE has to compensate for at least the common TA. Since the beam footprint of even a LEO-based NTN is significantly wider than a TN cell, the value of the UE-specific differential TA determined from the RACH process or calculated by a positioning-capable UE will be larger than in a terrestrial network
To ensure that the working assumption on the TAC applies, the range of the UE-specific differential TA has to be reduced. This can be done by locating the reference point somewhere on the access link as was discussed during the NTN study item phase. Figure 1 shows the illustration of the TA components which is shown as figure 6.3.4-1 in the TR 38.821[1]. If reference point is located in access link as in this figure, UE needs to compensate only 2*(D1x - D01)/c. This means that locating the reference point on access link can reduce the range of the UE-specific differential TA.
Proposal 1: RAN1 should consider locating the reference point for common timing offset determination in the access link.
[bookmark: _GoBack]
Figure 1: Illustration of the TA components in NTN (figure 6.3.4-1 in TR38.821 [1])
Further, to minimize specification impact, it is desirable to ensure that this differential TA shall always be positive. A negative differential TA will arise in any situation where the UE is closer in distance to the satellite and/or gNB than the designated reference point for the common TA calculation. As an example, if the reference point is located at the centre of the beam on the earth surface, the common TA is calculated from the height of the satellite above the reference point. Any UE within the beam located at an altitude higher than the reference point, for example, on a flying aircraft, would essentially be closer to the satellite and/or gNB than the reference point and so will have a negative differential TA. This means that above ground UEs such as those in aircrafts have to be considered when the common TA reference point is designated.
Proposal 2: RAN1 should agree the maximum functional altitude of an NTN UE and use this as the altitude of the reference point for calculating the common TA or the common timing offset.
Furthermore, if the network does not compensate the feeder link delay in a transparent mode NTN, then the common TA or the common timing offset also comprises the feeder link propagation time. The feeder link delay in a transparent mode NTN arises from the propagation distance between the satellite and the ground-based gNB. This distance will vary for NGEO NTN because:
· whilst the gNB is likely fixed, the satellites move around their orbits
· feeder link switching may result in the satellite being tethered to a closer target gNB than the source gNB
Proposal 3: RAN1 should consider the impact of feeder link delay changes on the common TA or the common timing offset.
2.2 [bookmark: _Hlk510094111][bookmark: _Hlk20829509]Coping with TA drift due to satellite movement
If we consider a LEO satellite and a UE on earth, the propagation delay between the UE and satellite will change of the order of microseconds during one second depending on elevation angle and so the TA will need adjustment. This means the gNB may need to frequently send a TA adjustment command for each served UE. This would impact resource utilization efficiency. If an accurate TA cannot be maintained, this would potentially cause an increase in inter symbol interference (ISI) and possibly inter-carrier interference (ICI) between resources allocated to different UEs.
To resolve these issues, indication of timing drift rate from the network to the UE would be effective for TA adjustment at UE side. In the agreement of RAN1#103-e, a common timing drift rate was captured as FFS. We evaluate the effect of timing drift rate for TA adjustment to clarify the effect of timing drift rate (detail simulation assumptions are shown in appendix A).
We consider the beam-specific timing drift rate adjustment schemes and compare with the no timing drift rate adjustment case. The beam-specific timing drift rate means that the same timing drift rate value is configured for all UEs in one satellite beam as shown in figure 2. In other words, all served UEs in the same satellite beam use the same timing drift rate value. 

Figure 2: Timing drift rate configuration
We assume the correct full TA value is known for each UE at time zero. We then evaluate the CDF of throughput when packets are arriving according to FTP model 3 at target 50% RU after 1000ms from configured full TA value. We assume that timing advance adjustment command is only sent at handover. 
Figure 3 shows the CDF of throughput, where black line is without timing drift rate and red line is with timing drift rate. As shown in the result, knowledge of the timing drift rate at the UE can improve the throughput. Table 1 shows the gain of timing drift rate knowledge. The mean throughput can be improved approximately 15% compared to w/o timing drift rate knowledge. Throughput improvements can be seen for mean throughputs of 5% and 95% of CDF.. 
In this simulation, we evaluated the beam-specific timing drift rate. This method assumes that the timing drift rate information is broadcast in system information for all UEs in thebeam (or cell). This means that network can get the throughput gain from the UE knowledge of the timing drift rate without needing large additional overhead to provide the information.
Observation 1: Applying beam-specific timing drift rate can improve the throughput approximately 15% than without timing drift rate case.
Proposal 4: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.
  
Figure 3: CDF of throughput

Table 1: UE through put performance in Mbit/s
	Study case
	
	w/o timing drift rate
	w/ timing drift rate
	Gain

	Case 6
	Mean
	7.96
	9.15
	14.43%

	
	5%
	4.48
	5.33
	19.06%

	
	50%
	7.78
	8.91
	14.48%

	
	95%
	12.18
	13.72
	12.59%


3	Conclusions
In this contribution, we discussed the common TA calculation and the need for the TA adjustment at UE side with timing drift rate. We observed and proposed as follows:

Proposal 1: RAN1 should consider locating the reference point for common timing offset determination in the access link.
Proposal 2: RAN1 should agree the maximum functional altitude of an NTN UE and use this as the altitude of the reference point for calculating the common TA or the common timing offset.
Proposal 3: RAN1 should consider the impact of feeder link delay changes on the common TA or the common timing offset.
Observation 1: Applying beam-specific timing drift rate can improve the throughput approximately 15% than without timing drift rate case.
Proposal 4: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.
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Appendix A: Simulation assumption
We assume simulation assumption as below. gNB send the initial TA value to UE at satellite initial elevation angle. UE transmits the data with or without TA adjustment of timing drift rate at UE side when packet is arrived according to FTP model 3. We assume that timing advance adjustment command is only sent at handover.
Table A: Simulation assumption
	Parameter
	Value

	Satellite Orbit
	600 km

	Frequency Band
	Ka

	Satellite Parameters Set
	Set-1

	UE Antenna Type
	VSAT

	UE velocity
	0 km/h

	Satellite initial elevation angle
	80 degree

	Subcarrier spacing
	120KHz

	Handover margin
	0 dB

	w/ or w/o earth rotation
	w/ earth rotation

	Traffic model
	FTP model 3

	Evaluation period
	From 1000ms to 1125ms after configured full TA value

	Target RU
	50%
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+  Common TA (Tcom) = 2*Do/c +  Common TA (Tcom) = 2*(Do1+ D02)/c
*  UE specific differential TA for xth UE (TUEx) = 2*(D1x-D0)/c *  UE specific differential TA for xth UE (TUEx) = 2*(D1x-Do1)/c
*  Full TA (Tfull) = Tcom + TUEx *  Full TA (Tfull) = Tcom + TUEx
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