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1. Introduction
New radio (NR) targets a wide range of use cases in 5G. The application of a high altitude platform station (HAPS) and satellite nodes in NR can be important components in URLLC scenarios [1]. The deployment of non-terrestrial networks (NTNs) is highly different from that of terrestrial networks, which can cause impacts on standard specifications. This contribution discusses issues related to random access for NTN.
2. Discussions
2.1 Impact of long propagation delay on random access
As shown in Figure 1, both satellite and HAPS can be deployed in NTNs. A key difference between a NTN and a common terrestrial network is that NTN is usually with much larger propagation delays due to the high altitude. In the current NTN technical report (TR 38.811) [2], the design of NTN targets base station (BS) heights ranging from 8 km to 35786 km, which are equivalent to propagation delays in the range [66.7μs, 120ms]. In practice, this propagation delay can be even larger than 120ms because of multipath effects.
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Figure 1 Deployment scenarios in NTN.
As a result, the maximum random access (RA) response window size in NR may not be sufficient to support the random access procedure in NTN (the response window size is still FFS in [3]). A straightforward way to tackle this problem is to allow the BS to configure larger RA response window sizes in NTN. This can be implemented by extending the list of ra-ResponseWindow [3] in the RA configuration and has been illustrated in Figure 2.
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Figure 2. RA procedure with extended RA response window size in NTN.

However, extending the RA response window size causes in the existing procedure introduces unnecessary user equipment (UE) monitoring intervals due to large propagation delay in NTNs. This is undesirable as more power consumption will be required at the UE side.
Observation 1: Large propagation delays in NTNs have impact on UE random access procedures. Extending the RA response window can cause unnecessary UE power consumption.
2.2 Random access procedure for long propagation delay
The reason for the abovementioned problem is that the waiting time between preamble transmission and the start of the RA response window is not dependent on propagation delay. Therefore, an improved solution to handle long propagation delay is to let a UE go into power saving mode after preamble transmission and wake up only when the RA response window starts. This is depicted in Figure 3.
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Figure 3. RA procedure with configurable waiting time in NTN.

In order to support UE power saving in long propagation delay, the waiting time (delay) between preamble transmission and RA response window is necessary. We propose to use response time (delay) as the terminology as it has a broader definition than propagation delay and it can consist of propagation delay, processing delay at the BS, etc. 
The response delay can be estimated at the BS side when the NTN is deployed. For example, when a satellite is deployed, its altitude information should be determined and accessible by itself. Then, the propagation delay can be estimated based on its altitude. If necessary, three-dimensional geographical layout can also be used to help estimate.
Observation 2: When a NTN is deployed, the NTN BS should have its altitude information and therefore be able to estimate propagation delay information.
The rest issue is how to inform the UE about the propagation delay information in practice. Since the UE needs to acquire this information before preamble transmission, the propagation delay information can be added to a system information block (SIB). When the UE decodes PBCH, it can obtain both the delay information and the RA response window size. 
Proposal 1: Including propagation delay information in SIB for NTNs can be considered in NR.
Proposal 2: Consider UE switching to power saving mode during the waiting time.

2.2 Random access preamble design
In NR, the random access preamble format is designed in the following tables [4].
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Table 6.3.3.1-2: Preamble formats for [image: image19.wmf]139
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The cell coverage is limited by CP length of the preamble sequence. For above two tables, the path profile and cell coverage can be approximated as in the following two tables.

Table -1

	Path profile assumption
	Cell coverage (limited by CP length)

	4.69 us
	15 km

	4.69 us
	102 km

	4.69 us
	22 km

	4.69 us
	15 km


Table – 2

	Path profile assumption
	Max cell coverage (limited by CP length)

	1.56 us
	0.5 km

	3.13 us
	0.9 km

	4.69 us
	2.1 km

	4.69 us
	3.5 km

	3.13 us
	0.4 km

	4.69 us
	1.1 km

	4.69 us
	1.8 km

	4.69 us
	3.9 km

	4.69 us
	5.4 km

	4.69 us
	9.3 km


Up to 102 km cell radius can be supported by NR. Considering that the cell size of HAPS is not extremely large, the current NR preamble format design should be enough to support HAPS. 
Proposal 3: For HAPS, NR preamble format is sufficient.
3. Conclusions
In this contribution, we have discussed impacts of large propagation delay on random access and provided a solution. To sum up, we have the following observations and proposals.
Observation 1: Large propagation delays in NTNs have impact on UE random access procedures. Extending the RA response window can cause unnecessary UE power consumption.
Observation 2: When a NTN is deployed, the NTN BS should have its altitude information and therefore be able to estimate propagation delay information.
Proposal 1: Including propagation delay information in SIB for NTNs can be considered in NR.
Proposal 2: Consider UE switching to power saving mode during the waiting time. 
Proposal 3: For HAPS, NR preamble format is sufficient.
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