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1. Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network [1]. The objectives of the SI for physical-layer are reported as follows. 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

One target is to study the timing advance as the most significant difference of Non Terrestrial Network (NTN) compared to terrestrial communication is the much larger round-trip propagation delay (up to hundreds of milliseconds). To support NTN by NR, this contribution discusses the key impact regarding the timing advance during random access.
2. Discussion

2.1 Timing advance for terrestrial network
During the initial access of terrestrial network, gNodeB estimates the initial timing advance from Physical Random Access Channel (PRACH) sent by UE and UE obtains it from the timing advance command in Access Respond (RAR). Timing advance is a time offset between the start of a received downlink subframe and a transmitted uplink one. A UE has to compensate this time offset to ensure that all the transmitted signals from mobile terminals are synchronized at the gNodeB with the accuracy of cyclic prefix (CP) length. In NR, the timing advance command can indicate the maximum index value of TA=3846, corresponding to 2msec timing advance for 15kHz subcarrier spacing. The CP length Tcp depends on the round-trip time (RTT), which is the propagation time estimated by twice the distance between the gNodeB and UE (D) and with the speed of the light c as follows:
                                                                    (1)
where  is the delay spread of fading channels.
2.2 Consideration on timing advance for NTN


Fig. 1 The coverage of a NTN cell and the common propagation delay (d1=d2)
In a satellite link, the RTT of GEO system can be as large as hundreds of milliseconds and the variation of delay for MEO, LEO and HAPS systems can be much stronger than terrestrial network due to the fast moving of satellite/HAPS. 
The issues or technical problems related to TA alignment in satellite communications are as follows [2]:
1.	A strong delay variation is caused by moving satellites generating a fast change in the overall distance of the propagation from UE over Satellite to BS.
2.	The delay is much longer over a satellite link than one TTI
Therefore, the current timing advance mechanism should be reconsidered. One straightforward design is extending the bit length for timing advance command to support a maximum RTT up to 600ms. However, it will be a waste of resources to indicate the absolute propagation delay directly in NTN. The CP overhead according to equation (1) will also be unacceptable. 
With GNSS technique, UE is able to estimate the RTT for TA adjustment and NR PRACH can be directly used. For non-GNSS, optimizations and new mechanisms need to be considered to deal with the large propagation delay. The most discussed solution is considering the common and differential delay as shown in Fig.1. The common RTT 2d1, which is determined by altitude of satellite, is added in an SIB and compensated by UEs [2].  The NR design for timing advance is applicable for NTN if each satellite beam width is limited to ensure that the differential RTT (2∆d) is less than PRACH CP duration. Otherwise, new designs or mechanisms need to be considered to support larger footprint of satellite beams.
Observation 1: The mechanism of timing advance for NTN should be further studied to deal with the large propagation delay.
Regarding timing advance of Non-GEO satellites, two communication scenarios should be further considered: 
1) The footprints of satellite beams on earth are moving with satellite.
2) The footprints of satellite beams on earth are fixed for a long time.
For the former situation, cells on the ground are serviced by different beams with the satellite rotation. As the orbit altitude is much larger than the diameter of the beam footprint, the variation of beam elevation angle to a cell on the ground during the service time can be neglected. Accordingly, the variation of RTT between a statistic device and gNodeB is mall with the moving of beams, which is similar to GEO satellite beams. 


Fig. 2 The earth-fixed-beam mode of satellite 
The latter situation is earth-fixed-beam mode as shown in Fig. 2 where the angle of antenna for each beam can be adjusted during the moving of satellite to provide service to a fixed area on earth as long as possible. The major difference to the former situation concerning the timing advance is that the RTT for a statistic device is varying with the elevation angle of beams. And each cell/area has the largest RTT with the minimum or maximum elevation angle. For this situation, two kinds of common RTT can be identified:
1) The common RTT related to the altitude (d1,3).
2) Common RTT for different ranges of elevation angle (d1,1, d1,2, d1,3, d1,4, d1,5).
If merely the former common RTT (d1,3) is compensated by the UEs, the residual RTT of other elevation angle is still very large when the beam is steered away from the nadir point. If the common RTTs are compensated by UEs for each range of elevation angle, the remained differential RTTs will be much smaller. Therefore, timing issue for this kind of transmission should be carefully studied to have small impacts on NR standard and introduce signalling overhead as less as possible. 
Observation 2:  Timing issue for earth-fixed-beam mode should be carefully studied. 
3. Conclusion
In this document, we discuss the impact of timing advance on 5G NR for NTN. The following observations were presented:
Observation 1: The mechanism of timing advance for NTN should be further studied to deal with the large propagation delay.
Observation 2:  Timing issue for earth-fixed-beam mode should be carefully studied. 
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