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Introduction

3GPP is studying NR based communication for Non-terrestrial networks. The study encompasses satellites and airborne platforms with a wide range of orbital altitudes [1]. The main distinguishing feature of such networks is the large distance and propagation delay between the gNB and the UE.
Random access forms an important function for any such network. It is necessary for initial connection establishment, handover and connection recovery. In this contribution we analyze the impacts of the large propagation delay on random access.

Discussion
In order to be able to receive multiple uplink signals, the gNB assigns timing advances to UEs ensure that the receive times of signals from UEs are the same. The timing advance value is communicated to the UE in the random access procedure, in the random access response.

In order to ensure alignment and frame boundaries for downlink and uplink at the gNB, the time alignment value used is equal to twice the propagation delay between the satellite and the UE. For terrestrial networks, the propagation delay and the timing advance are well within the duration of one OFDM symbol. 
One of the primary differences in NTNs compared to terrestrial cellular networks is the significantly longer propagation delay between the UE (on the ground) and the satellite. Figure 1 illustrates the propagation delay and its effect on time alignment at the UE. Propagation delays can result in the uplink signal from different UEs being received at the gNB at very different times. 
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Figure 1: Propagation delays in NTN and Timing Advance

In a non-terrestrial network, the UEs can be at different elevations leading to significantly different propagation delays. For examples, UEs at high elevations on mountains can have lower propagation delays than UEs at sea level. This difference is much larger if the UEs are airborne (e.g., aircraft). Such large differences make it difficult to determine reception windows for random access at the gNB.
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Figure 2: RACH reception windows

As illustrated in Figure 2, the RACH transmissions from UEs at different elevations can be received at the satellite gNB at very different times. The RACH window required to be able to receive RACH from any of the UEs in the gNB’s coverage would span many slots. This implies that RACH transmission from one UE can interfere with data transmission from another UE (for example, UE1’s RACH transmission above can interfere with UE3’s data transmission). 

Observation 1: The RACH reception window in NTN scenarios can be very large. This can also imply interference from RACH transmission by one UE to data transmission of other UEs.
This suggests that UEs would need to perform an altitude based pre-compensation for the propagation delay prior to transmitting the RACH. That is, UEs would need to apply a timing advance, the value of which is based on the UE’s altitude, prior to transmitting the RACH signal. This can ensure that the RACH is received by the gNB within a normal sized window.
Proposal 1: An altitude based pre-compensation of the propagation delay is necessary to have a reasonably sized RACH reception window at the gNB for NTN.
A related problem also arises upon the application of timing advance by the UE, and is illustrated in Figure 3. Given the large propagation delays, the timing advance value signalled to the UE can be large and depends on the altitude of the UE. The application of timing advance by the UE results in a shift of its uplink timing relative to the timing before application of the timing advance. This shift can be large and it manifests itself as reduced processing time at the UE. As a result, the UE can have significantly reduced time between reception of the random access response and transmission of message 3.
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Figure 3: Reduced processing time for Mesg 3 transmission

Observation 2: The large timing advance values in NTN can result in large uplink timing shifts when timing advance is applied and can significantly reduce the available processing times for message 3 transmission.
Proposal 2: RAN2 is requested to discuss the above issues and capture the included text proposal in the TR.
Conclusion

Transmissions in non-terrestrial networks are subject to much longer propagation delays than terrestrial networks. Reception of random access message1 is impacted because the large differences in propagation times to different UEs can mean that message1 is received at very different times. Additionally, application of the timing advance (which can be very large) results in a large timing shift at the UE. We have described and discussed these issues. Below are our observations and proposals.

Observation 1: The RACH reception window in NTN scenarios can be very large. This can also imply interference from RACH transmission by one UE to data transmission of other UEs.
Proposal 1: An altitude based pre-compensation of the propagation delay is necessary to have a reasonably sized RACH reception window at the gNB for NTN.
Observation 2: The large timing advance values in NTN can result in large uplink timing shifts when timing advance is applied and can significantly reduce the available processing times for message 3 transmission.
Proposal 2: RAN2 is requested to discuss the above issues and capture the included text proposal in the TR.
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7.2 

User plane enhancements 

7.2.1 
MAC

Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure
7.2.1.x

Random Access

In a non-terrestrial network, the UEs can be at different elevations leading to significantly different propagation delays. For examples, UEs at high elevations on mountains can have lower propagation delays than UEs at sea level. This difference is much larger if the UEs are airborne (e.g., aircraft). Such large differences make it difficult to determine reception windows for random access at the gNB.
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Figure x: RACH reception windows

As illustrated in Figure x, the RACH transmissions from UEs at different elevations can be received at the satellite gNB at very different times. The RACH window required to be able to receive RACH from any of the UEs in the gNB’s coverage would span many slots. This implies that RACH transmission from one UE can interfere with data transmission from another UE (for example, UE1’s RACH transmission above can interfere with UE3’s data transmission). 

This suggests that UEs would need to perform an altitude based pre-compensation for the propagation delay prior to transmitting the RACH. That is, UEs would need to apply a timing advance, the value of which is based on the UE’s altitude, prior to transmitting the RACH signal. This can ensure that the RACH is received by the gNB within a normal sized window.

A related problem also arises upon the application of timing advance by the UE, and is illustrated in Figure y. Given the large propagation delays, the timing advance value signalled to the UE can be large and depends on the altitude of the UE. The application of timing advance by the UE results in a shift of its uplink timing relative to the timing before application of the timing advance. This shift can be large and it manifests itself as reduced processing time at the UE. As a result, the UE can have significantly reduced time between reception of the random access response and transmission of message 3.
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Figure y: Reduced processing time for Mesg 3 transmission
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