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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. 

In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 

In this paper, we discuss aspects related to random access for NTN.
Discussion
As mentioned in contribution [3], the current random access procedure in LTE/NR is not suitable for non-terrestrial networks such as satellite communication systems. The main issue revolves around the large propagation delays and the differential delays which would likely cause time-outs, collisions and imprecise timings. In this contribution, we will address some of those problems. 


Figure 1: Contention-based random access procedure.
Many aspects of random access procedure are related to the upcoming study in RAN1 [1] and in this contribution we will mainly focus on random access related issues that are tied to MAC specification [4].
Random access 
For NR, once a device has transmitted a random-access preamble (msg1), it waits for a Random-access Response (RAR, msg2). The RAR is transmitted as a downlink PDCCH/PDSCH transmission with the corresponding PDCCH transmitted within the common search space. In order for the UE to know whether msg1 was successful or not, the UE only monitors the PDCCH during a defined period ra-ResponseWindow and if the UE does not receive the RAR during this period, the UE considers that the random-access attempt failed and starts a new random-access attempt.
In terrestrial communications, the RAR is expected to be received by the UE within a few milliseconds, but in NTN since the propagation delay is much larger, the RAR can not be sent back to the UE before the round-trip delay to the satellite, which can be in the order of 500 ms. 
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It is possible to extend the ra-ResponseWindow to cover the round-trip time, however this would mean that the UE monitors PDCCH for a potentially longer time duration, which may increase the UE power consumption. An alternative solution is to have a delayed start for the RAR monitoring window. The window should thus only be delayed rather than extended. 
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When the UE sends msg3, it will monitor for msg4 (in a similar way as for the RAR) in order to resolve a possible random-access contention. The window for this monitoring is called ra-ContentionResolutionTimer. This window is considerably longer than the ra-ResponWindow and could, in principle, cover the entire round-trip time. However this would cause the UE to monitor the PDCCH for an unnecessarily large amount of time since the UE will only receive a valid response for a some small portion within the window. 
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Figure 1: Depiction of random access with delayed monitoring windows.
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Conclusion
In section 2 we made the following observations:
Observation 1	The length of ra-ResponseWindow is not sufficient for non-terrestrial communications.
Observation 2	The length of ra-ContentionResolutionTimer can be sufficient for non-terrestrial communications but it may not be an efficient solution.

Based on the discussion in section 2 we propose the following:
Proposal 1	The start of the ra-ResponseWindow should be delayed for NTN.
Proposal 2	The start of the ra-ContentionResolutionTimer should be delayed for NTN.
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