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Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network [1]. This SI description was slightly revised in RAN#83 [2]. 
The objectives of the SI for physical-layer are reported as follows:
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]
A significant difference of Non-Terrestrial Network (NTN) compared to terrestrial network is the simultaneous presence of a very large propagation delay (up to hundreds of milliseconds) and a very large Doppler shift (up to several SCS) due to the fast moving of (LEO) satellites. 
All necessary timing advance procedures rely on an accurate estimation of the delay, in particular during the initial access, despite the large Doppler shift. A joint time and frequency synchronization is needed, that will rely on both the cyclic prefix (CP) and the reference signals [3]. 
[bookmark: _GoBack]Concerning the random access procedure, TR 38.821 [4] stated that, in case pre-compensation of timing and frequency offset is not performed at UE side for UL transmission, enhanced PRACH formats and/or preamble sequences should be supported with following options:
●	Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number. Additional usage of CP and Ncs can be further determined in normative work
●	Option-2: A solution based on multiple Zadoff-Chu sequences with different roots 
●	Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding
●	Option-4: A single Zadoff-Chu sequence with combination of scrambling sequence
In this contribution, several issues related to RACH are discussed.





Discussion on PRACH sequences
In RAN1 meetings, there have been several discussions on PRACH format [4], in particular on the ways to enhance its format to cope with a larger coverage 
It has been agreed that the current PRACH format/parameters are not well suited for NTN. Several companies made proposals on how to enhance the current PRACH format [5] [6][7].
One key point here is the current PRACH is a Zadoff-Chu sequence. In NR, when discussing a new PSS design, it has been accepted that such Zadoff-Chu sequences suffer from time-frequency ambiguity [8], and this led to the new PSS sequence, i.e. a M-sequence. For PRACH, the situation is more difficult in NTN, as one need to design a set of orthogonal sequences, in order to distinguish between UEs transmitting simultaneously and having a higher time/frequency uncertainty with respect to the terrestrial case. 
Because of this inner weakness of Zadoff-Chu sequences, we doubt that the optimal solution consists in simply modifying some parameters (CP size, subcarrier separation) or by repeating the same sequence. A redesign is needed. 
One important point is that the time-frequency ambiguity strongly depends on the Zadoff-Chu sequence root, as already pointed out in previous contributions by others [5] [6] [7]. 
This is illustrated in Figure 1 and Figure 2, for roots 13 and 191.
These figures illustrate the fact that for a given Doppler shift, we get a small time error for a small index, and a large error for a large index. In other words, the Zadoff-Chu sequences with a low root are rather good, and the same sequences with a large root are rather bad.
In Option-2, it was proposed to combine Zadoff Chu sequences with different roots. This improves indeed the performances ([7] for example). However, the same conclusion can be drawn about the necessity to stick to low roots. 

Observation 1: Zadoff-Chu sequences with a low root are particularly efficient with respect to the presence of a large Doppler, on the contrary of Zadoff-Chu sequences with a large root. 
Having a large set of different sequences is needed to keep the ability to deal with a large number of different terminals asking for connection at the same time. Restricting the number of available sequences would decrease the performance of the system with this respect.
Observation 2: Decreasing the number of available PRACH sequences too much will have a deleterious impact on the capacity of the base station to handle a large number of user terminals. 
Proposal 1: Determine the minimum number of PRACH sequences which are needed for a NTN base station to handle a larger number of terminals. 
Two proposals (Options 3 and 4) do not restrict the number of available sequences. However, both types of sequences degrade the peak-to-average power ratio (PAPR) of the sequences and then potentially degrade the performances of the RACH process. 
Observation 3: Options 3 and 4 degrade the peak-to-average power ratio (PAPR) of the sequences and then potentially degrade the performances of the RACH process. 
Proposal 2: Analyze the potential degradation of options 3 and 4 due to the increased PAPR.

[image: ]
[bookmark: _Ref46484955]Figure 1: Time frequency ambiguity, for root 13
[image: ]
[bookmark: _Ref46484972]Figure 2: Time frequency ambiguity, for root 191

Conclusions
Based on the discussion in this contribution, we make the following observations and proposals:
Observation 1: Zadoff-Chu sequences with a low root are particularly efficient with respect to the presence of a large Doppler, on the contrary of Zadoff-Chu sequences with a large root. 
Observation 2: Decreasing the number of available PRACH sequences too much will have a deleterious impact on the capacity of the base station to handle a large number of user terminals. 
Proposal 1: Determine the minimum number of PRACH sequences which are needed for a NTN base station to handle a larger number of terminals. 
Observation 3: Options 3 and 4 degrade the peak-to-average power ratio (PAPR) of the sequences and then potentially degrade the performances of the RACH process. 
Proposal 2: Analyze the potential degradation of options 3 and 4 due to the increased PAPR.
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