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1	Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support non-terrestrial network (NTN) [1]. The SI has the following objectives. The RAN1 work is scheduled to begin at RAN1#96bis in April 2019.

Physical layer
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, we highlight the key considerations for adapting random access procedures in NR for NTN.
2	Random access in terrestrial networks
2.1	Random access in LTE/NR
The random access procedures in LTE and NR are similar. In the existing random access design, random access procedures serve multiple purposes such as initial access when establishing a radio link, scheduling request, etc. Among others, an important objective of the random access procedures is to achieve uplink synchronization, which is important for maintaining the uplink orthogonality in LTE and NR. To preserve the orthogonality of uplink signals from different UEs in an OFDMA based system, the time of arrival of each UE’s signal needs to be within the cyclic prefix (CP) of the OFDM signal at the base station.
LTE and NR random access can be either contention-based or contention-free. The contention-based random access procedure consists of four steps, as illustrated in Figure 2: (1) UE transmits a random access preamble; (2) the network transmits a random access response that contains timing advance (TA) command and the scheduling of uplink resource for the UE to use in the third step; (3) the UE transmits its identity to the network using the scheduled resources; and (4) the network transmits a contention-resolution message to resolve any contention due to multiple UEs transmitting the same random access preamble in the first step.
For contention-free random access, the UE uses reserved preambles assigned by the BS. In this case, contention resolution is not needed, and thus only Steps 1 and 2 are required.


Figure 2: Contention-based random access procedure
2.2	SS Block configuration in NR
In NR, the set of RSs based on which UE performs initial access is called a synchronization signal block (SSB). The structure of SSB in NR is described below. The signals included in an SS block may be used for measurements on NR carrier, including intra-frequency, inter-frequency and inter-RAT (i.e., NR measurements from another RAT).
SS block (can also be referred to as SS/PBCH block or SSB): NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within an SS block. For a given frequency band, an SS block corresponds to N OFDM symbols based on one subcarrier spacing (e.g., default or configured), where N is a constant. UE shall be able to identify at least the OFDM symbol index, the slot index in a radio frame and the radio frame number from an SS block. A single set of possible SS block time locations (e.g., with respect to radio frame or with respect to SS burst set) is specified per frequency band. At least for multi-beams case, at least the time index of SS-block is indicated to the UE. The position(s) of actual transmitted SS-blocks is informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks. The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4.
· For frequency range from 3 GHz to 6 GHz, L is 8.
· For frequency range from 6 GHz to 52.6 GHz, L is 64.
SS burst set: One or multiple SS burst(s) further compose an SS burst set (or series) where the number of SS bursts within a SS burst set is finite. From physical layer specification perspective, at least one periodicity of SS burst set is supported. From UE perspective, SS burst set transmission is periodic. At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency (e.g., one of 5 ms, 10 ms, 20 ms, 40 ms, 80 ms, or 160 ms). UE may assume that a given SS block is repeated with a SS burst set periodicity. By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set. In a special case, an SS burst set may comprise one SS burst. Figure 3 shows an example configuration for the SS block.
For each carrier, the SS blocks may be time-aligned or overlap fully or at least in part, or the beginning of the SS blocks may be time-aligned (e.g., when the actual number of transmitted SS blocks is different in different cells).
            [image: ]
Figure 3: Example configuration of SS blocks, SS bursts and SS burst sets/series.
3.	Random access in non-terrestrial networks 
The design in the existing random access procedures in LTE/NR is not suitable for non-terrestrial networks such as a satellite communications system. In particular, the timing relationship is based on the terrestrial propagation radio environment, where the round-trip delay is usually within 1 ms. As a result, it cannot handle the long propagation delays in satellite communications systems that range from tens of milliseconds (LEO) to hundreds of milliseconds (GEO), and the large differential delay in a spotbeam in satellite communications systems that may range from sub-milliseconds to tens of milliseconds (depending on the size of spotbeam).
The potential approaches for solving this issue can be broadly categorized into open loop or closed-loop methods. As an example of an open-loop approach, the UE may obtain GPS information regarding the terminal position and satellite ephemeris data. It may then use this information to adjust its timing before sending a random access preamble. Alternatively, building on the existing random access methods in NR, a closed-loop timing advance procedure for NTN can also be devised. However, the pros and cons of the potential approaches need further study.  
Conclusions
In the previous sections, we highlight some of the challenges in using existing random access procedures for non-terrestrial networks. It is imperative that adapted random access mechanisms are needed for initial access in non-terrestrial networks. The pros and cons of both open-loop and closed-loop approaches for timing advance estimation require further study. 
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