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1. Introduction
According to the approved SI in RAN#76 meeting [1], in which airborne/spaceborne stations will be used to facilitate a ubiquitous 5G coverage. However, due to the large distance between base station and users as well as coverage range which can be up to several hundred kilometers comparing with the typical terrestrial system. In such case, the existing design of PRACH [2] cannot be reused directly. 
In this contribution, the propagation delay in a NTN cell is analyzed and the new approach by compensating the relative propagation delay in PRACH design is provided. Additionally, the transmission with symbol repetition is proposed based on existing PRACH format is proposed accordingly.
1. Random access analysis in NTN
As mentioned above, in a non-terrestrial networks with airborne/spaceborne station, the distance between base station and users are much longer as well as the cell size than them of a terrestrial network.  The cell radius and round-trip delay already exceed the capability of existing NR PRACH design [2]. Therefore, it is necessary to design a new PRACH format and corresponding random access procedure.
According the existing principle for PRACH design, the CP length  shown in Table 1, is defined according to the maximum supportable cell radius as:
,
Where, D refers to propagation distance between the gNB and UE, which is approximated by cell radius for terrestrial network and this value for users at cell center is assumed as zero. the speed of light and  represents the delay spread of fading channels. 
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[bookmark: _GoBack]However, in a non-terrestrial network, the absolute propagation delay of every user is large due to the distance between high altitude base stations and users (on the ground or even on aircraft), which is shown in Figure 1. In this case, if the CP length in NTN PRACH is still defined according to absolute propagation delay, the CP overhead would be unreasonably high. For example, in order to support the calculation of required TA for UL transmission, the CP length for typical satellite with altitude equaling to 1000km is calculated as  If the PRACH subcarrier space equating to 1.25kHz, the corresponding PRACH symbol length should be 0.8ms, which is almost larger than 8 times of the existing one. If the same design principle is followed for NTN design, it will lead to a significant waste of random access resource.
For dealing with this problem, a new approach is proposed with introduction of the compensation of common distance. As shown in Figure 1, it can be observed that a common part  is shared by both cell center and cell edge users. Once the coverage area and beam direction is fixed, the common part  can be easily driven for a given NTN. Then, the could be treated as a known parameter for the served UE within coverage, e.g., via broadcast signaling. Each user can adjust its time advance to compensate the common propagation delay due to. The RACH signal design will only depend on the relative propagation delay proportional to . 
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[bookmark: _Ref506284456]Figure 1 Illustration of common distance of cell edge/center in NTN
Proposal 1: In a non-terrestrial network, per cell common propagation delay should be extracted. And RACH design depends on relative propagation delay proportional to remaining part only.






Furthermore, considering the large coverage of NTN, especially for the spaceborne BS, even the common propagation delay proportional to  can be compensated by users, the relative propagation delay proportional to   among UEs are still large as well as the required symbol. For solving the problem, an additional NTN PRACH signal structure with symbol repetition is proposed. A time window of length can be divided into detection windows of length . Without loss of generality, let’s assume . An example is illustrated in Figure 2, where , and each PRACH signal consists of a repetition of 2 symbols (total length of ). It is guaranteed that at least a fully occupied detection windows of length  exists if there is a PRACH signal transmitted. And time advance of a given user can be estimated by the detection window index and correlation inside the detection window. Furthermore, the repetition number could be adjusted according to link budget.
[image: ]
[bookmark: _Ref506298276]Figure 2 Illustration of NTN RACH time window and signal
Proposal 2: A NTN RACH format with symbol repetition is proposed as a reasonable solution to further reduce the RACH resource cultivation.
1. Conclusions
In this contribution, the discussion on random access in a non-terrestrial network are conducted. Based on our analysis, a new method to define the RACH structure is provided with following proposals:
Proposal 1: In a non-terrestrial network, per cell common propagation delay should be extracted. And RACH design depends on relative propagation delay proportional to remaining part only.
Proposal 2: A NTN RACH format with symbol repetition is proposed as a reasonable solution to further reduce the RACH resource cultivation.
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