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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 random access procedures for NTN.
[bookmark: _Ref178064866]Discussion
One of the most fundamental problems of adapting Rel-15 NR to the satellite case is the question of how to adapt the random access scheme. Regardless of the deployment (GEO or LEO), adapting the random access scheme needs to cope with challenges that are not present in the terrestrial case, namely:
· Large propagation delays
· Large differential delays within the cell
· Large doppler shifts and large doppler variation rates
Other issues such as how to enhance the non-Rel 15 random access procedures are not discussed in this paper.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc4514633][bookmark: _Toc4530682][bookmark: _Toc4620094][bookmark: _Toc4672726][bookmark: _Toc4688141][bookmark: _Toc4690691][bookmark: _Toc4697317][bookmark: _Toc4699109][bookmark: _Toc4699213]The challenges of adapting the random access scheme for NTN case are large propagation delays, large differential delays as well as large doppler shifts and large variation rates of doppler over time.
Large doppler shifts and large doppler variation rates are mainly RAN1 issues and RAN2 can discuss after RAN1 makes progress.  
[bookmark: _Toc4514634][bookmark: _Toc4530683][bookmark: _Toc4620095][bookmark: _Toc4672727][bookmark: _Toc4688142][bookmark: _Toc4690692][bookmark: _Toc4697318][bookmark: _Toc4699110][bookmark: _Toc4699214]Doppler impact on random access procedures is mainly a RAN1-related item.
So far in this SI, solutions for tracking area management and mobility have been discussed for UEs with and without GNSS-capabilities. If the UE has GNSS-capabilities and satellite ephemeris data is available, then it might be beneficial to study how one or both can be used in the context of random access as it may greatly help mitigating some of the problems when it comes to adapting NR random access procedures for the satellite scenario as has been mentioned earlier.
[bookmark: _Toc4514637][bookmark: _Toc4530686][bookmark: _Toc4620102][bookmark: _Toc4672730][bookmark: _Toc4688145][bookmark: _Toc4690689][bookmark: _Toc4697321][bookmark: _Toc4699113][bookmark: _Toc4699217]RAN2 to study the RAN2-related aspects regarding how GNSS-position and satellite ephemeris data can aid the random access procedure.
Random access with GNSS-capabilities
As explained above, the major difficulties in adapting the random access procedures stem from the large propagation delay and the large differential delay. In the terrestrial case, both the propagation delay and the differential delay within the cell are dealt with using Timing Advance. Before accessing the cell, a UE is not assumed to be aware of its propagation delay to the cell. As the RTT is within the cyclic prefix of PRACH and the cell diameter is defined according to the largest propagation delay that can be accepted during random access, this is not seen to be a problem for terrestrial networks.
If the UE has a rough GNSS position and the position of the satellite through ephemeris data, the UE can determine the satellite-to-UE distance and the timing advance needed for performing random access while coping with large propagation delays. 
[bookmark: _Toc4690693][bookmark: _Toc4697319][bookmark: _Toc4699111][bookmark: _Toc4699215]If the UE knows its own position and the satellite position through ephemeris data, determining the propagation delay is possible.

The distance to the satellite from anywhere in the cell is (taken from TR 38.811):

where  is the elevation angle,  is the height to the satellite at nadir, and  is the radius of the earth. 
In the non-terrestrial case, the satellite-to-UE distance at a fixed point in time does not exhibit the same type of variations compared to moving around the same distance in a terrestrial cell, which means that the accuracy required by the UE to determine its own position may not be high. Similarly, the distance is not significantly affected when moving with reasonable speed on the ground. This means that a rough estimate of the position may be sufficient to perform random access, thus solving the problems of timing advance and large variations in the propagation delay, which contrasts with terrestrial cells where moving an equal distance through the cell might create a much larger timing advance. The exact accuracy required may be up to RAN1 to discuss.
[bookmark: _Toc4514636][bookmark: _Toc4530685][bookmark: _Toc4620097][bookmark: _Toc4672729][bookmark: _Toc4688144][bookmark: _Toc4690694][bookmark: _Toc4697320][bookmark: _Toc4699112][bookmark: _Toc4699216]Determining the propagation delay based on GNSS-position may not require high accuracy GNSS positioning.

Framework for GNSS-based procedure
A framework for how the random access for UEs with GNSS-capabilities can be performed is shown in Figure 1.
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Figure 1. Framework on random access procedure using GNSS
The example framework for performing random access involves 4 important points:
1. Estimation of the timing advance with respect to the satellite. Method might include using satellite ephemeris data as well as GNSS position.
2. In Msg 2, when the UE receives the RAR, it applies a timing advance correction for the UE-based estimation from Step 1. 
3. At this point the gNB also schedules Msg 3 without knowing the timing advance to the UE. This can be solved by for instance scheduling the UE at a delay equal to the maximum differential delay supported by the cell.
4. Network receives the timing advance of the UE in Msg 3. At this point both UE and network are aware of the UE-specific timing advance.
By using this procedure, there for instance appears to be no need for extending the ra-ResponseWindow, only to offset the start with the RTT as mentioned in previous contribution[4]. 
[bookmark: _Toc4530687][bookmark: _Toc4620103][bookmark: _Toc4672731][bookmark: _Toc4688146][bookmark: _Toc4690690][bookmark: _Toc4697322][bookmark: _Toc4699114][bookmark: _Toc4699218]RAN2 to consider the above random access procedure for UEs with GNSS-capabilities as a baseline and study the solutions to steps 1-4.

Conclusion
In section 2 we made the following observations:
Observation 1	The challenges of adapting the random access scheme for NTN case are large propagation delays, large differential delays as well as large doppler shifts and large variation rates of doppler over time.
Observation 2	Doppler impact on random access procedures is mainly a RAN1-related item.
Observation 3	If the UE knows its own position and the satellite position through ephemeris data, determining the propagation delay is possible.
Observation 4	Determining the propagation delay based on GNSS-position may not require high accuracy GNSS positioning.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 to study the RAN2-related aspects regarding how GNSS-position and satellite ephemeris data can aid the random access procedure.
Proposal 2	RAN2 to consider the above random access procedure for UEs with GNSS-capabilities as a baseline and study the solutions to steps 1-4.
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