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1. Introduction
A new Study Item (SI) on “Study on NR to support Non-Terrestrial Networks” was approved in RAN#76 meeting [1]. One of the objectives in this SI is to identify the key impact areas on New Radio (NR) to support non-terrestrial network (NTN). This contribution discusses the impact of timing advance as well as random access on 5G NR design for NTN.
2. Discussion
2.1. Timing advance adjustment on NTN
[bookmark: OLE_LINK8]DL/UL transmissions are organized into frames with 10ms duration, where one frame consists of 10 subframes of 1ms duration each, and is divided into two equally-sized of 5 subframes each [2]. Timing advance is a negative offset at the UE, which is necessary to ensure that the downlink and uplink subframes are synchronized at the gNB. As shown in Figure 1, transmission of uplink frame number  from the UE shall start  before the start of the corresponding downlink frame  at the UE, where  can be derived by the UE based on the index value  from gNB,  depends on the duplex mode and frequency range in uplink transmission, and  is the basic timing unit [2][3][4]. 	
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Figure 1: Time alignment at gNB with TA
When considering the non-terrestrial networks, there is a large transmission delay from satellite/HAPS to UE over NTN links as shown in Figure 2, especially in the case of MEO, LEO and HAPS system, which feature strong varying delay because satellite/HAPS and UE are fast-moving and are not relatively static [5]. In this case, some problems arise, the individual timing advances of the UEs have to be fast dynamically updated and appropriate timing advance index values are needed to solve the long strong delay in the overall distance of the propagation on NTN link.
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Figure 2: NTN deployment scenario

Proposal 1: The timing advance value  in NTN should be reconfigured and enlarged to satisfy at least 600ms RTT particularly in GEO& MEO systems with long propagation delay.
Proposal 2: Fast timing advance updating mechanism is necessary at the UE side particularly in the case of non-geostationary satellites. 
2.2. Random access on NTN
[bookmark: OLE_LINK10]For the non-terrestrial gNB, the round-trip time (RTT) to the UE can be much larger than the round-trip time in the terrestrial networks. Therefore, it is necessary to consider its impact for different aspects of NR design, including PRACH and RACH procedure. Huge propagation delay [66.7μs, 120ms] corresponding to BS heights [8km, 35786km] [5] will lead to long RA response procedure as shown in Figure 3, the 4-step gNB-UE hands-shaking based legacy preamble transmission/retransmission will lead to huge access delay and long RA access delay means long data transmission delay. As a result, it is necessary to shorten the RA transmission/ retransmission delay and design an NTN-specific RAR window based on the given BS information to make the UE efficient and power saving.
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Figure 3: Random access in NTN

Proposal 3: 4-step gNB-UE hands-shaking transmission/retransmission legacy mechanism should be revised to accommodate the NTN due to huge access delay.
3. Conclusion
[bookmark: _GoBack]In this contribution, we discussed the impact of NTN requirements on the design of 5G NR TA and random access. The following proposals were presented:
Proposal 1: The timing advance value  in NTN should be reconfigured and enlarged to satisfy at least 600ms RTT particularly in GEO& MEO systems with long propagation delay.
Proposal 2: Fast timing advance updating mechanism is necessary at the UE side particularly in the case of non-geostationary satellites. 
Proposal 3: 4-step gNB-UE hands-shaking transmission/retransmission legacy mechanism should be revised to accommodate the NTN due to huge access delay.
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