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This document discusses impacts of Non-Terrestrial Networks [1] on 5G NR design for random access. 
One of the important aspects of 5G NR is the physical random access channel (PRACH) and the random access procedure (RACH procedure). In the RACH procedure, which is designed for uplink time synchronization, the UE first transmits a PRACH preamble. Then as specified in NR specification [2], in response to a PRACH transmission, a UE attempts to detect a PDCCH with a corresponding RA-RNTI during a window controlled by higher layers (called “ra-ResponseWindow” [3]). The main part of the PRACH preamble is a prime-length Zadoff-Chu (ZC) sequence that provides good auto-correlation property (in respect to its cyclic shifts), which is needed for time synchronization. For a certain length, different ZC sequences can be obtained using different roots. Those different ZC sequences have good cross-correlation property which can be used for distinguishing UEs.
PRACH preamble has several formats, each with a different length, cyclic prefix (CP) and guard time (GT). The PRACH format is identified from PRACH configuration index which is transmitted by gNodeB using higher layer signaling  in system information blocks (SIBs). In 5G NR, 4 PRACH format are associated with preamble sequence length of 839 and 139 as shown in Table 6.3.3.1-1 and Table 6.3.3.1-2, respectively,  from TS 38.211 and reproduced below [4].
For the non-terrestrial gNodeB, 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.

Table 6.3.3.1-1 (from TS 38.211): PRACH preamble formats for [image: ] and [image: ]
	Format
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	Support for restricted sets

	0
	839
	1.25 kHz
	[image: ]
	[image: ]
	Type A, Type B

	1
	839
	1.25 kHz
	[image: ]
	[image: ]
	Type A, Type B

	2
	839
	1.25 kHz
	[image: ]
	[image: ]
	Type A, Type B

	3
	839
	5 kHz
	[image: ]
	[image: ]
	Type A, Type B



Table 6.3.3.1-2 (from TS 38.211): Preamble formats for [image: ] and [image: ] where [image: ]
	Format
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	Support for restricted sets
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	A1
	139
	[image: ]
	[image: ]
	[image: ]
	-

	A2
	139
	[image: ]
	[image: ]
	[image: ]
	-

	A3
	139
	[image: ]
	[image: ]
	[image: ]
	-

	B1
	139
	[image: ]
	[image: ]
	[image: ]
	-

	B2
	139
	[image: ]
	[image: ]
	[image: ]
	-

	B3
	139
	[image: ]
	[image: ]
	[image: ]
	-

	B4
	139
	[image: ]
	[image: ]
	[image: ]
	-

	C0
	139
	[image: ]
	[image: ]
	[image: ]
	-

	C2
	139
	[image: ]
	[image: ]
	[image: ]
	



Discussion 
RTT can be estimated by twice the distance between the gNodeB and UE, divided by the speed of the light. The distance between the gNodeB and UE can be estimated by the distance of the non-terrestrial gNodeB from Earth (i.e. “Altitude”) and the angle of elevation. Therefore, the non-terrestrial gNodeB, knowing its distance from Earth and the footprint of its beam on Earth can estimate the maximum and the minimum distance to the UEs and the maximum and the minimum round-trip time. The maximum round-trip time and the range of variation of round-trip time can be quite different (unlike terrestrial cellular networks). For example, for the geostationary (GEO) satellite, the maximum round-trip time can be as high as 600ms, but the variation of the round trip time (which is dependent on the footprint) can be much smaller (see Figure 1). For example, assuming the minimum elevation angle of 40 degrees, the maximum variation of RTT can be bounded by a few milliseconds, even for very large footprints (e.g. 500 Km).
Observation 1: The maximum variation of round-trip time can be much smaller than the maximum round-trip time and is dependent on the footprint.

One problem is to have appropriate window for the response of the PRACH to be compatible with non-terrestrial communication needs (including large round-trip time). For non-terrestrial networks, the round-trip time can be much larger than the round-trip time in terrestrial networks (up to 600 ms for the case of GEO satellites, with bent pipe architecture). The current  window for the PRACH response in NR which starts at  symbols after transmitting the last symbol of the preamble and has the size of “rar-WindowLength” cannot cover this round-trip time.
Proposal 1: The random access response window length in NR should be revisited to accommodate the round-trip time of NTN.

[image: ]
Figure 1. Relationship between the diameter of the footprint, distance of the satellite gNodeB (or platform) from Earth, and elevation angle to the maximum round-trip time and the maximum variation of round-trip time (or the round-trip time ambiguity).

Another problem is to design new PRACH formats with appropriate length of preamble and CP and guard time to be compatible with non-terrestrial communication needs (including large round-trip ambiguity) and have appropriate signaling mechanism for its configuration. The PRACH format identifies the preamble sequence length (and the option of its repetition) and the length of CP and guard time and also the subcarrier spacing. Appropriate length of CP and guard time (GT) depends on the round-trip time variation (or the round-trip time ambiguity). On the other hand, preamble sequence repetition and subcarrier spacing affects the coverage. For non-terrestrial networks, depending on the architecture and the type of the non-terrestrial gNodeB (or bent pipe) there is a wide range of round-trip time ambiguity and also coverage requirements (based on very different noise budgets for the uplink). This wide range of selection may require too many PRACH formats and excessive required signaling in SIB.
Proposal 2: New PRACH formats should be considered in NR to address the round-trip time variation and coverage issues of NTN.

Conclusion
In this document, we discussed the impact of NTN requirements on the design of 5G NR random access, including the PRACH design and the RACH procedure. The following observations and proposals were presented:
Observation 1: The maximum variation of round-trip time can be much smaller than the maximum round-trip time and is dependent on the footprint.
Proposal 1: The random access response window length in NR should be revisited to accommodate the round-trip time of NTN.
Proposal 2: New PRACH formats should be considered in NR to address the round-trip time variation and coverage issues of NTN.
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