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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 38.811[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 bent pipe GEO satellites for example, the maximum one-way delay is 272.375ms. Even a regenerative 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 at 600km altitude and a UE in a fixed position on earth, the propagation delay between the UE and satellite will change of the order of 10(s during one second.
At RAN1#98, the issue of time adjustment (TA) determination and signalling was discussed and the following agreed [2]:
Agreement:
Following options can be considered to support TA adjustment for UL transmission:

· Option 1

· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   

· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 

· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.

· FFS: additional TA signalling from BS considering the potential inaccuracy.

· Option 2

· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB

· FFS: additional UE-specific differential TA signalling from BS.

· FFS: the reference point(s) for common TA calculation

· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance

· Parameters indicated by gNB to enable the TA adjustment

· Cell/UE-group specific signalling
 Then at RAN1#98bis, the two options on TA adjustment agreed for consideration at RAN1#98 were further considered and the following additional agreements made [3]:

Agreement:
W.r.t the Option 1 of a previous agreement on TA adjustment for UL transmission, the following alternatives can be considered: 

· Alt-1: Compensation of the full-TA is conducted at the UE. 

· Note: Full-TA includes impact due to service link.

· FFS: impact of feeder link

· Alt-2: Compensation of UE specific differential TA only is conducted at the UE.

· FFS: The reference point(s) for UE specific differential TA calculation

Agreement:
W.r.t the Option 2 of TA adjustment from a previous agreement for UL transmission in NTN, 

· Single reference point per beam for common TA calculation is considered as the baseline.

· FFS: Multiple reference points per beam for common TA calculation

· In addition to the signalling of the common TA, Rel-15 signaling for UE-specific differential TA indication from BS can be considered

· Extension of range (explicit or implicit) for TA indication in RAR can be considered.

· FFS: Negative values of TA
In this contribution, we discuss our views on the two alternatives for TA compensation and our considerations on the number and location of the reference points for common TA calculation.
2 Discussion
The first RAN1#98bis agreement above is in respect of the option when a UE knowing its location and the satellite ephemeris can autonomously determine its TA. This agreement is about the UE compensating for the TA in its uplink transmissions.
Observation 1: It is desirable to have a unified TA compensation scheme applicable to both positioning capable and incapable UEs. 
2.1  Compensation of full TA (Alt-1) or only UE specific TA (Alt-2)
The full TA comprises the common TA due to the orbital height of the satellite with respect to the centre of the beam above the earth surface and the UE-specific deferential arising from the size of the footprint of the beam. It was previously agreed that the common TA will be calculated by the network from ephemeris information and broadcast for example by SI. Therefore, both positioning capable and non-positioning capable UEs will know the common TA.
Observation 2: Both positioning capable and non-positioning capable UEs can have knowledge of the common TA.

Acquisition of the UE-specific differential TA can be calculated by a positioning capable UE. However, for a non-positioning capable UE, unless it is a priori stationary, it does not have enough information to calculate the differential TA since calculation requires knowledge of the position of the UE with respect to the satellite. So non-positioning capable non-stationary UEs can only get their differential TA through a RACH process. In transmitting the RACH preamble, it is desirable for the UE to compensate for the common delay. If this is not done, a significantly different preamble format will be needed with new very long preambles thereby increasing standardisation effort.

Observation 3: All UEs compensating at least the common TA minimises standardisation effort on new very long RACH preambles.
Given Observations 1 and 3 it follows that even positioning capable UEs will also compensate for the common TA in their transmissions. Once the UE-specific differential TA is acquired either by calculation for positioning capable UEs or through a RACH procedure (by at least non-positioning capable UEs), it can be treated as a TA adjustment and compensated too for all UL transmissions. 

Proposal 1: RAN1 should target one unified TA compensation scheme that works for both positioning capable and non- positioning capable UEs.
Proposal 2: RAN1 should support UE Full-TA compensation with indication of the common TA.
2.2 TA Adjustments
If we consider a LEO satellite at 600km altitude and a UE in a fixed position on earth, the propagation delay between the UE and satellite will change of the order of 10(s during one second and so the TA will need adjustment. In Rel-15, the maximum TA adjustment is 32(16(64(Tc/2( [4]. With a subcarrier spacing of 120kHz, the maximum TA adjustment is therefore only 2.08(s at a time. This means that the gNB cannot keep up with the TA variation if it only depends on adjustment by TA adjustment command especially since the gNB would need to frequently send the TA command for all served UEs.

To resolve these issues, autonomous TA adjustment by UEs with knowledge of the satellite ephemeris can be useful. Since the satellite moves in a fixed orbit, the UE can predict the satellite’s position if the network provides the UE required information for prediction via for example broadcast signalling. With this information, the UE can calculate the change in propagation delay from the gNB to the UE and then adjust the TA by itself. This autonomous calculation is also possible for both positioning capable and non-capable UEs. The adjusted TA would then also needs compensation in UE UL transmissions.
Observation 4: Autonomous TA adjustment can reduce frequency of TA adjustment commands sent by the gNB especially for LEO. 
Proposal 3: RAN1 should support autonomous TA adjustment by UEs especially for LEO.
2.3  Common TA reference Point(s)
Since the bulk of the TA arises from the orbital height of the satellite and the network at any time knows this height (based on the ephemeris information of the satellites), the network can signal this common TA to all UEs within the coverage of a given beam. The RAN1#98 agreement proposes one means of signalling this common TA (by SI) to all the UEs. In the RAN1#98bis agreement there is included ‘FFS: Multiple reference points per beam for common TA calculation. The utility of multiple reference points is questionable since there can only be one common TA per beam. It is not clear how the network will know which UE is closer to another conceptual reference point than the first reference point especially for non-positioning capable UEs. It is therefore desirable to proceed on the basis of a single reference point and, consequently, a single common TA.
Proposal 4: RAN1 should target only one reference point for common TA calculation in its study.
As discussed in section 2.1, the UE-specific differential TA can be determined independently by a positioning-capable UE. However, for a UE not capable of positioning, 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 TN.
Observation 5: The maximum UE-specific differential TA in NTN will be larger than the TA in terrestrial networks and so require more bits for TA in the RAR.
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 space to the satellite and/or gNB that the designated reference point for the common TA calculation. As an example, if the reference point is located on the earth surface at the centre of the beam, 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 in aircraft have to be considered when the common TA reference point is designated.
Proposal 5: RAN1 should agree the maximum functional altitude of an NTN UE and use this as the reference point for calculating the common TA.

3
Conclusions
In this contribution, we discussed our the two alternatives for TA compensation, the need for autonomous UE TA adjustment and considerations on the number and location of the reference points for common TA calculation. We observed and proposed as follows:
Observation 1: It is desirable to have a unified TA compensation scheme applicable to both positioning capable and incapable UEs. 
Observation 2: Both positioning capable and non-positioning capable UEs can have knowledge of the common TA.

Observation 3: All UEs compensating at least the common TA minimises standardisation effort on new RACH preambles.

Observation 4: Autonomous TA adjustment can reduce frequency of TA adjustment commands sent by the gNB especially for LEO. 
Observation 5: The maximum UE-specific differential TA in NTN will be larger than the TA in terrestrial networks and so require more bits for TA in the RAR. 
Proposal 1: RAN1 should target one unified TA compensation scheme that works for both positioning capable and non- positioning capable UEs.
Proposal 2: RAN1 should support UE Full-TA compensation with indication of the common TA.
Proposal 3: RAN1 should support autonomous TA adjustment by UEs especially for LEO.
Proposal 4: RAN1 should target only one reference point for common TA calculation in its study.
Proposal 5: RAN1 should agree the maximum functional altitude of an NTN UE and use this as the reference point for calculating the common TA.
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