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1. Introduction
The NTN study item in RAN1 previously produced TR 38.811, looking at NTN scenarios, channel models and characterization of different network, terminal and propagation properties. A study item “Solutions for NR to support Non Terrestrial Network” has been approved [1], and the objectives are as follows.
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 new NTN study phase, RAN1 will look in detail at the various RAN procedures which need adaptation from the terrestrial 5G-NR specs. The Hybrid ARQ (HARQ) procedure is one such area, where a closer look with NTN is warranted. HARQ is an essential RAN procedure for the terrestrial 5G-NR, with the number of parallel HARQ processes increased from 8 (in LTE) to 16 (in 5G-NR) [2] and also many adaptations studied for delay critical URLLC applications. While the longer propagation delays associated with satellite links can promote a view to disable HARQ altogether in NTN, a closer inspection can find areas where it can still provide significant benefits.

2. HARQ applicability in GEO satellites links
The GEO satellite links incur significant propagation delays, with around 120ms delay for a single link and 240 ms delay for a bent pipe link. A single repetition HARQ procedure would involve double the above delays for respective links. These delays would make the HARQ procedure non-usable for very many applications. Even for the extreme delay tolerant applications, a very large number of packets will need to be buffered to enable the continuous use of the radio link (to maintain link efficiency), significantly increasing the memory and power consumption requirements for the satellites and devices.

Thus the HARQ procedure can be disabled for the GEO satellite links and some other viable options for increasing the link reliability need to be studied. Reducing the coding rate of the MCS options for these links is a simple option. For example, the MCS tables suggested for URLLC can be considered for GEO satellite links.   

[bookmark: _Ref4415490]Observation 1: GEO satellite links exhibit very long propagation delays, which make the use of HARQ procedures prohibitive. Other procedures to improve link reliability, like the use of more robust MCS tables are more viable.   

3. HARQ applicability in LEO and MEO satellite links
The LEO satellites on the other hand, demonstrate significantly lower delays than discussed above, making some HARQ adaptations highly viable. For example a LEO satellite at 600 km altitude will only have 2 ms propagation delay in a single link and 4 ms for a bent pipe link. The current 5G-NR HARQ process can accommodate 16, 1 ms data packets in the HARQ process. Considering even the standard 3 ms processing time of LTE, a single re-transmission HARQ process can fit into this timing, without the need for modification.

However, there are certain flat fading scenarios common in the satellite links, which have been captured in the TR 38.811 as a two state channel model, with good and bad states [3]. Flat fading can occur due to intermittent cloud cover or vegetation blocking the direct signal path, for example. A measured signal trace on this flat fading scenario is shown below, from [4].
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Figure 1: Flat-fading captured with LMS measruements [4]

[bookmark: _GoBack]Some scenarios like receiving a LEO satellite link from a high speed vehicle on a highway makes the relative speed very high in comparison to the blocking obstacles, and the flat fading durations can be in the order of milliseconds. Having a greater number of parallel processed packets in the NTN HARQ would allow more flexibility to accommodate different flat fading durations. We would propose to increase this packet number, as an optional HARQ configuration parameter for the NTN. Also this increase would accommodate MEO satellite links (around 6-8 ms single link propagation delay) to also benefit from these HARQ procedures.

This increased delay to counter block fading would work for delay tolerant applications. A further optimisation to reduce the delay (when the fade duration is shorter than the propagation and processing delays) can be achieved in the form of pre-emptive re-transmission, without waiting for the ACK from the first transmission. The receiver could also reduce the signalling by sending ACK/NACK only after combining the respective two packets in this pre-emptive HARQ mode. 

Observation 2: LEO satellite links offer far more manageable delays to make the HARQ procedures workable, even in bent-pipe scenarios. In certain propagation scenarios involving flat fading, the suitable use of HARQ can be more effective than using more robust MCS tables.                                                       
Proposal 1: Consider configuring HARQ as an optional feature for NTN, where its use under certain satellite types and propagation conditions can be beneficial.                                 
Proposal 2: Consider increasing the number of parallel HARQ processes in NTN-NR, as this would enable the use of HARQ to counter a variety of flat fading scenarios in LEO and even in MEO satellite links. 

4. Conclusions
In this technical contribution, we discussed the options for usage of the HARQ procedures in NTN. We have the following proposals and observations.

Observation 1: GEO satellite links exhibit very long propagation delays, which make the use of HARQ procedures prohibitive. Other procedures to improve link reliability, like the use of more robust MCS tables are more viable in the GEO satellite links.             
Observation 2: LEO satellite links offer far more manageable delays to make the HARQ procedures workable, even in bent-pipe scenarios. In certain propagation scenarios involving block fading, the suitable use of HARQ can be more effective than using more robust MCS tables.                                                       
Proposal 1: Consider configuring HARQ as an optional feature for NTN, where its use under certain satellite types and propagation conditions can be beneficial.                                 
Proposal 2: Consider increasing the number of parallel HARQ processes in NTN-NR, as this would enable the use of HARQ to counter a variety of block fading scenarios in LEO and even in MEO satellite links.
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