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Introduction
The SID in [1] lists the following objectives for RAN1, RAN2 and RAN3:
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]

Layer 2 and above, and RAN architecture

· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

In this document, we present a discussion on the use of HARQ in satellite systems, taking into account the large delay of the satellite links. 
Delay Tolerant HARQ for Satellite Systems
According to TR 38.811 [2], it is required to study the impact on NR HARQ operation due to the long RTT delay of a non-terrestrial network. The impacts should be considered as well for the NTN UEs and serving gNBs, when the number of HARQ processes is either extended to satisfy high reliability scenarios or limited/disabled for longer NTN delays.
Conclusion of the TR 38.811 was that two options are envisaged for using HARQ in satellite systems. 
· Enhancing existing HARQ operation to extend the HARQ processing accommodating low to moderate NTN RTT delays like in scenarios C1, C2, D1 and D2 as defined in [3]. Here it is important to study the impact on the possible HARQ process numbers, HARQ timers, HARQ-process IDs, number of RVs, and possibility for bundling. These mentioned items will have a direct impact on the UE, e.g., memory and power limitations, so do an impact on the gNB signalling and feedbacks for large number of UEs. 
· Limiting HARQ capabilities and/or disabling HARQ for long RTT delays. Hence, it is important to study the direct impact on NR due to HARQ disabling including, e.g., switching on/off the HARQ with possible metrics, the target BLER/QoS, the MCS/TBS selection, etc. It is also important to consider a backup mechanism (from NR) to support high QoS requirements in an attainable RTT delays. This should include, e.g., HARQ-less repetitions (and its impact on the data rate) and utilizing terrestrial-NTN dual-connectivity (and its impact on the used timers). 
More details on these two options are described below.
Enhancing existing HARQ operation
In [4], potential solutions were already proposed for extended HARQ operation in satellite systems:
· Extending the minimum number of HARQ processes
It was agreed in NR to support a flexible number of HARQ processes to support different use-cases with moderate RTT delays, e.g., satellites with MEO and LEO constellations as well as extreme coverage. Currently NR supports 8 and 16 HARQ processes as a baseline. However, for NTN integration the number of HARQ processes needs to be increased. Therefore, it is necessary to further study the optimal extension of the minimum number of HARQ processes.
· Flexible HARQ timing
The HARQ processing time in the DCI includes at least the time between DL data reception and the corresponding HARQ-ACK transmission in UL. It also includes the time between UL grant reception and the corresponding UL data transmission. This should be also affected by the satellite delays, and thus needs to be studied further. A modification of the corresponding DCI control field/format should be further investigated.
· Adaptive HARQ-process ID
Asynchronous HARQ can be scheduled at any time slot after N subframes, with N being the configured number of HARQ processes. Therefore, a HARQ-process ID is used to indicate which HARQ process refers to an existing transmission. Hence, it is important to study how to efficiently introduce more HARQ processes with less impact on the number of HARQ process IDs. 
· Code block group (CBG) aggregation for reduced HARQ acknowledgements 
In NR, code-block group (CBG) aggregation is supported, where data transmission can be scheduled to span one or multiple code-blocks (CB). For each CBG, one HARQ feedback is sufficient to be transmitted for all aggregated code-blocks. The number of required HARQ processes and HARQ feedbacks can thus be significantly reduced. Therefore, the impact of longer delays in NTN needs to be considered for CBG, and whether or not the aggregation among TBs (rather than CB) can enhance the HARQ.
Limiting the number of HARQ processes or disabling HARQ
For some satellite constellations, the number of HARQ processes is too high, e.g., GEO can reach 500 HARQ processes for a 1ms sub-frame length. In this case, mechanisms shall be studied to significantly reduce the number of HARQ processes. In some cases, e.g. GEO satellite systems, we might need to disable HARQ completely and allow only the initial transmission, RV0. 
The HARQ deactivation/(re)-activation (and/or switching to ARQ) can be initiated either by the gNB or by the UE. This can be done dynamically (e.g., per transmission of one or more transport blocks) or semi-statically (e.g., by a deactivation for a period of time or over a region). Different mechanisms and metrics are required to decide whether to enable or disable HARQ, e.g., the UE QoS, memory size, round trip time, network type, or transport block size, etc. Hence, it is important to study the impact of disabling HARQ on NR (e.g., impact on the TBS, MCS, etc.). It is also important to consider the following HARQ reliability mechanisms to support disabling HARQ:
· HARQ-less operation and redundancy transmission
TTI bundling and HARQ-less repetition (LTE Rel-15), can be used to completely avoid retransmissions; thus avoiding the large number of required HARQ processes and the excessive HARQ feedback. In NR release 15 –December freeze – it was also agreed upon a similar mechanism for UL, the k-repetition. Those k repetitions can be similar to the initial transmission or following a certain RV sequence. For current NR, bundling and repetition are only supported in the time domain. Therefore, the impact on repetition value k, rate reduction (i.e., 1/k), and the TBS/MCS tables need to be studied.
Due to the longer delays between scheduling the grant and UL transmissions UE side grant free retransmissions can be used if channel quality decreases. Grant free retransmissions should be studied in case of varying channel conditions.
· Utilizing terrestrial dual-connectivity
In case of deactivated HARQ, when it is required to guarantee a certain QoS, the HARQ operation can still be resumed (with a reduced latency) utilizing a dual-connectivity (DC) with a ground station (gNB) in a terrestrial network offloading scenario. The ground gNB might be backhauled using a satellite reliable link or lose-less connection to the network. Once the UE is in the coverage of both, terrestrial and non-terrestrial node, the initial transmission can be sent over the NTN link, while HARQ retransmissions (other RVs) and HARQ ACK/NACK feedbacks can simply flow over the terrestrial links (i.e., rather than the longer delay NTN links) as illustrated in Figure 1. In other scenarios, rather than a network off-loading scenario, dual connectivity can gain performance utilizing L2 aggregations, e.g., PDCP aggregation. Hence, it is important to further study the impact on NR HARQ operation in case of DC with an existing terrestrial gNB to include HARQ redundancy decoding at physical layer and/or L2 aggregation if possible. The impact on HARQ timing, the number of HARQ processes, and the HARQ process ID/synchronization needs to be identified in this case.
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[bookmark: _Ref528687010]Figure 1: The HARQ RVs are transmitted to the gNB via a satellite (or non-satellite) backhauling network. The gNB transmits the RVs to the UE upon HARQ negative acknowledgement NACK

Proposal 1: Study the impact on RAN2 of both options for limited/disabled HARQ as well as enhancing existing HARQ operation for NTN.
[bookmark: _GoBack]
Summary
The above section shows the challenges and proposes solutions of delay tolerant HARQ solutions in satellite systems.
The following observations and proposals are described in this document:
Proposal 1: Study the impact on RAN2 of both options for limited/disabled HARQ as well as enhancing existing HARQ operation for NTN.
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