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1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], following aspects from RAN1 perspective will be studied:
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In this contribution, considerations on random access in NTN, especially for the preamble, has been discussed.
2 Discussion on the potential issues for RACH
As identified in [2], large frequency offset and RTT will be experienced for transmission in the typical NTN scenario, which has significant impacts on the PRACH preamble format, timing and TA measurement range. Considering the various use case and terminal types for satellite communication, it’s improper to assume that all UEs are capable of compensating the Doppler and TA based on UE position and satellite constellation/ephemeris. In addition to the on-going discussion for RAR-windows in RAN2, the impacts on the PRACH preamble format shall also be considered in NTN random access.  
In current NR specifications [3], two PRACH sequences with length equaling to 839 and 139 are used in different formats. For example, in case of length-839 PRACH sequence, 4 formats are defined (refer to Table 6.3.3.1-1 in [3]). And 9 formats are defined (refer to Table 6.3.3.1-2 in [3]) for length-139 PRACH sequence. All the 13 formats can be used for FR1. However, only 9 formats based on length-139 PRACH sequences can be used for FR2.  
Table 6.3.3.1-1: PRACH preamble formats for 
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Table 6.3.3.1-2: Preamble formats for 
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Based on the exiting design as mentioned above, the length-839 PRACH sequence cannot be used in FR2 and length-139 PRACH sequence can be used in FR2, but with unpaired spectrum only. However, in NTN deployment, the NTN cell size is expected to be much larger than a terrestrial NR cell in both FR1 and FR2, which means a NTN cell may need to support much more UEs with its PRACH resource. In this case, a long PRACH sequence is desirable. Furthermore, transmission in paired spectrum seems to a promising option for NTN deployments due to large propagation delay. Therefore, the mentioned constraints are not desirable for NTN random access. 
Proposal 1: PRACH design with longer sequence should be supported for NTN in FR2, with priority on paired spectrum.
Moreover, the large propagation delay requires longer PRACH CP and GP. However, it is noted that 9 formats based on length-139 PRACH sequence have very limited CP length. Though common propagation delay can be pre-compensated by some manner [4], whether the CP/GP length in Table 6.3.3.1-2 is enough to cover differential propagation delay in a NTN cell (may consists of a single beam or multiple beams) should be re-visited.
The Doppler frequency offset and Doppler variation in NTN is also the new challenge for the existing NR PRACH preamble design, e.g., SCS for long PRACH format. Generally, UEs will firstly conduct the coarse frequency offset estimation via reception of the synchronization signal detection. But, the residual frequency offset, may still be much larger than that in a terrestrial network. Therefore, it is necessary to evaluate the impact of residual frequency offset and Doppler variation on preamble detection performance. New PRACH preamble format, which is robust against the residual frequency offset and Doppler variation, can be further designed in this SI if necessary.
Proposal 2: Parameters, e.g., SCS, CP and GP, for PRACH design of existing NR PRACH should be re-evaluated for NTN with consideration on the large RTT, residual frequency offset and Doppler variation.

The random access procedure is impacted by large propagation delay in NTN as well. The start point of random access response monitoring window should be postponed according to the common propagation delay. Furthermore, the random access response window length should be extended according to the differential propagation delay.
Proposal 3: Enhancement with adjusting the start point of random access response monitoring window and the window length should be considered in NTN PRACH procedures according to the propagation delay.
3 Conclusions
To support random access in NTN, NR PRACH sequences and formats are to be re-visited to overcome the large propagation delay and Doppler frequency offset. If NR PRACH cannot fulfill the requirements in NTN, corresponding adaptations or new sequence/formats should be studied with following proposals:
Proposal 1: PRACH design with longer sequence should be supported for NTN in FR2, with priority on paired spectrum.

Proposal 2: Parameters, e.g., SCS, CP and GP, for PRACH design of existing NR PRACH should be re-evaluated for NTN with consideration on the large RTT, residual frequency offset and Doppler variation.

Proposal 3: Enhancement with adjusting the start point of random access response monitoring window and the window length should be considered in NTN PRACH procedures according to the propagation delay.
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