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1. Introduction
The SI on solutions evaluation for NR to support Non-Terrestrial Network (NTN) has been approved in RAN #80, and from the RAN1 #96bis meeting the related work has started. The physical layer scope of this SI is presented as follows [1].
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 re-transmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In this contribution we mainly analyzed the timing advance (TA) for Non-Terrestrial Networks. This is a revision of R1-1906518.
2. [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Considerations on Timing Advance for Non-Terrestrial Networks 
In order to ensure the time synchronization at the receiver side, the uplink timing advance mechanism has been proposed. From the perspective of UE side, timing advance is a negative time offset between the starting time of received downlink sub-frame and the time of transmitted uplink sub-frame.
2.1 Extension of the maximum TA value





As shown in Fig1, the transmission of uplink frame from the UE shall start  before the start of the corresponding downlink frame at the UE side, whereis given by ,, TA is an integer between 0 and 3846[2], with the time unit [image: ], where [image: ]Hz and [image: ] (Tc=0.509ⅹ10-6ms). depends on the duplex mode and frequency range in uplink transmission [3].
[image: ]
Fig 1: Time alignment at gNB with TA
The maximum value of the TA command sent in RAR message constraints the supported maximum distance between the UE and the serving gNB, as illustrated in Table 1 [4].
Table 1: Terrestrial link distance for 5G NR, assuming a 1ms slot duration for 15 kHz* reference sub carrier spacing
	Sub carrier spacing
	15 kHz
µ= 0
	30 kHz
µ= 1
	60 kHz
µ= 2
	120 kHz
µ= 3
	240 kHz
µ= 4
	480 kHz
µ= 5

	Maximum link distance (TA max [3864]*Tc, km)
	300 
	150
	75 
	37.5 
	18.75 
	9.38 


[bookmark: _GoBack]According to the Table 1, for the sub carrier spacing of 15kHz, the maximum link distance is 300km which is below the satellite altitude for LEO or MEO scenarios (the satellite altitude for the LEO scenarios can reach to 600~1500km and the MEO scenarios has altitude about 7000~20000km). Furthermore, the sub carrier spacing of the OFDM signal has to be set as large values to accommodate larger Doppler of NTN. That is, the corresponding maximum link distance is scaled down with the increase of sub carrier spacing for NTN systems. Therefore, the maximum TA value needs to be extended to support the maximum allowed link distance especially for high sub carrier spacing. 
Proposal 1: The extension of existing TA value range indicated in RAR should be considered in NTN.
2.2 Initial TA acquisition and indication
According to the description in the above section, extension of TA value range means that the more signaling maybe needed to indicate the additional TA value range. Hence, how to reduce the signaling overhead is suggested to be considered.
For handle the large RTT, as shown in Fig 2, the potential solution is to divide the TA into two part: one part is in the form of UE group based common TA, and the other part is UE specific TA. The common TA can be determined by the satellite types and the distance between satellite and cell center (beam spot center), which is same for all the UEs in the same group. The UE can acquire common TA through a periodically broadcast SIB. Note that the UEs in the same beam spot can be regarded as a UE group, and the common TA can be included in the SSB corresponding a beam index to distinguish different UE groups. The UE specific TA can be indicated in RAR same as the traditional method.
Hence, we have the following proposals:
Proposal 2: The reference location for common TA calculation can be the distance between satellite and cell center (beam spot center).
Proposal 3: The common TA can be periodically broadcast to UEs via SIB.


Fig 2: Illustration of the common TA and UE specific TA
2.3 Maintenance of TA
The NTN systems is featured with a varying long delay which lead the timing advance of each UE should be dynamically updated. Compared with the terrestrial systems the TA adjustment mechanism needs to consider the long propagation delay and high speed satellite movement.
The current TA adjustment mechanisms can be divided into two categories: a) open-loop and b) closed-loop. For the open-loop TA adjustment mechanism, the UE can calculate the TA value through the satellite ephemeris data and UE position information, then the UE can dynamically updated the TA by themselves. However, if the UE cannot accurately obtain those information, the TA adjustment would be inaccurate. Hence the closed-loop adjustment mechanism should be used to assist the more precise timing adjustment. The closed-loop means that the gNB determines the timing advance value of each UE based on  the measurement of the uplink transmission. And then gNB sends the TAC to UE to adjust the uplink transmission timing.
Proposal 4: Both closed-loop and open-loop TA adjustment mechanisms are considered for NTN.
3. Conclusion
In this contribution, we have presented some considerations on timing advance for NTN. The following proposal is given:
Proposal 1: The extension of existing TA value range indicated in RAR should be considered in NTN.
Proposal 2: The reference location for common TA calculation can be the distance between satellite and cell center (beam spot center).
Proposal 3: The common TA can be periodically broadcast to UEs via SIB.
Proposal 4: Both closed-loop and open-loop TA adjustment mechanisms are considered for NTN.
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