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1. [bookmark: _Ref298777854]Introduction
This contribution studies the satellite considerations of the physical random access channel (PRACH) preamble format for the New Radio (NR) access technology to ensure forward compatibility for support via satellite in Phase II. 
1. Discussion
R1-1609781 addressed the forward compatibility of NR access technology Phase I design with satellite links with long latency, latency variation, and Doppler shift [1]. This contribution addresses the forward compatibility of the NR PRACH preamble format with the satellite links. 
The PRACH of NR is expected to provide a sufficient number of random access opportunities, support the desired cell ranges in terms of path loss and uplink timing uncertainty, and allow for sufficiently accurate timing estimation. One goal of random process (RA) is UE uplink timing synchronization based on estimation of the distance between the UE and the gNB. However, large transmission latencies and long differential propagation delay of satellite links provides challenges in accurate timing adjustment. It is estimated that the largest maximum differential propagation delay for a GEO satellite could be as high as 3 msec (depending on spot beam size and the latitudes and the longitudes of the satellite spot beam foot print).
In addition to the large latency and long differential propagation delay, Doppler shift of an MSS satellite may present additional challenges for RA process of NR over satellite links. A large Doppler can cause false peak in correlation function of Zadoff-Chu (ZC), and may lead to a mistake in the detection [3]. Assuming a GEO satellite operating on 2 GHz frequency, the maximum Doppler shift for a UE with speed of 350 km/h could be as high as 570 Hz [3]. (The Doppler shift depends on the elevation angle and 569 Hz is in the case of China. For GEO, the Doppler shift will be the same as for the high speed UEs in terrestrial networks. However, for LEO/MEO, the Doppler shift will be exacerbated by the motion of the satellite.) This contribution recommends 3GPP RAN1 to define flexible preamble formats to ensure forward compatibility of NR with satellite access. 
Agreements on RA Preamble for NR
The status report to TSG [2] of 3GPP RAN Plenary meeting #74 has the agreements on the initial access and RACH process. Based on these agreements, “detailed design for RACH preamble should be further studied”. Here are the relevant agreements to the NR preamble formats.  

Agreements:
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 
· RACH preamble format with shorter preamble length
· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported
· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels	

This contribution discusses that the NR access technology needs specific preamble formats with longer lengths in order to support forward compatibility with satellite links. Study is needed for the minimum numerology that is required for satellite.

Implication of Satellite Link on RA Preamble Formats 
[bookmark: _GoBack]The goal to have new random access preamble formats for satellite is for timing synchronization over satellite links with long latencies and to adjust the system capacity of the random access system for a satellite with very large spot beam. The PRACH preamble consists of a cyclic prefix (CP) and a sequence part. There is also a guard time in order to avoid collision of RA preambles with the other resources. 
Figure 1 and Figure 2 show a random access slot with two random access preambles one from a UE with the shortest path to the satellite and the other one from a UE with the longest path to the satellite. 
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Figure 1: The maximum differential latency for UEs in a satellite beam
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Figure 2 – preambles of different UEs in a PRACH time slot
5G will need to define new specific preamble formats to support satellite links; these preamble formats have to have larger TCP, Tseq, and TGT to support higher differential latencies and larger Doppler shifts. The timing synchronization of RA process of an LTE network over satellite is studied in [3]. A two-step time delay difference estimation scheme for OFDM based technologies (e.g., LTE and NR) over satellite is proposed. 
Below are two examples of preamble formats for LTE over GEO satellite that may be used for 5G 
	Preamble Format
	TCP
	Tseq

	S-1
	9×6240×Ts
	3×24576×Ts

	S-2
	3×21024×Ts
	6×24576×Ts


Table 2: The two examples of RA preamble formats for satellite LTE
Where Ts is the basic time unit in LTE, Ts = 1/(15000×2048) sec = 3.25521 × 10-5 msec.
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Figure 3 – Two examples of RA preamble formats for satellite LTE
Proposal 1: Flexible preamble formats with longer length are needed in order to support the forward compatibility of NR with satellite.
In order to support the NR random access procedure over satellite links, new RA preamble formats are needed. The new preamble formats should be flexible to support larger differential latencies of UEs and larger Doppler shifts in a satellite system compared to the terrestrial based cellular systems. 
1. Summary
This contribution discusses the forward compatibility of NR random access preamble formats with satellite links. 
Proposal 1: Flexible preamble formats allowing different length are needed in order to support the forward compatibility of NR with satellite systems.
The NR should provide flexible preamble formats, to support satellite specific constraints (e.g. differential latency) and larger Doppler shifts compared to ones in cellular systems. In addition, the RA Response window for satellite needs to be flexible to support large RTDs of satellite links. The signaling field indicating the preamble length supported by the gNB whether terrestrial or satellite based should then be updated accordingly.
Study is required for minimum numerology of satellite specific RA preamble formats. The new numerology should support comparable missed and false detection to that for terrestrial networks. 
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