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Introduction
In this document we discuss the impact of non-terrestrial networks (NTN) on NR HARQ design. More specifically we discuss the impact of large round trip time (RTT) on the number of HARQ processes and hence on the memory requirement of the NTN UE.  We will show that the large RTT duration could potentially create problems in terms of number of HARQ processes and the memory size of the NTN UE. We will then provide a few possible approaches to cope with those problems.     
Background 
The HARQ scheme is adopted in most mobile communication systems since 3G. HARQ type II and type III require a receiving buffer.  Compared with HARQ type III, the performance of HARQ type II is more affected by the size of the receiving buffer, because any shortage receiving buffer may incur consecutive packet errors. For continuous transmissions, the number of HARQ processes, NHARQ, is determined by the following equation:
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where RTT, Tsf, Tue, Tack, and Tnb are: round trip time, subframe duration, UE processing time, ACK/NACK transmission time, and gNB processing time, respectively.  In the case of the terrestrial network systems, the round trip time between a base station and a mobile terminal, RTT , is negligible compared to the other processing time values, and this typically results in NHARQ of 8 or 16 (e.g. for LTE and NR systems).  Consequently, 3GPP LTE and NR user terminals are equipped with the corresponding sized buffers. 
In the case of the non-terrestrial systems, however, RTT is not negligible.  For instance for an extreme case such as GEO bent-pipe satellite system, RTT could be in the order of 600ms [1], which results in NHARQ values of greater than 600. 
The required size of a receiver memory, Mrx, is approximately determined by
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where Ntr is the maximum number of transmissions for a packet including retransmissions, and Mp is the size of the packet. Since the values of Ntr and Mp for both non-terrestrial and terrestrial networks are presumably the same, Mrx of the non-terrestrial (NTN) receiver should be almost 75 (= 600 ÷ 8) times larger than that of the terrestrial receiver. This means that a terrestrial user terminal cannot be immediately used for non-terrestrial systems. In the following section we will review some possible solutions to address this issue and mitigate the need for the immense memory requirements in non-terrestrial receiver structure.
HARQ in non-terrestrial networks
Configured Number of HARQ processes 
Depending on the available memory size, an NTN UE can determine the number of maximum HARQ processes, Nmax, that it can support.  The NTN UE can then transmit Nmax to gNB. This may be done via Uplink Control Information, UCI, or any other uplink control configuration signaling .  The transmission of Nmax may be done autonomously by the NTN UE or may be done based on a request from gNB.  
The NTN UE can choose to calculate Nmax using any method.  Two methods are given as examples in the following:
Worst-case scenario method:  In this method, the NTN UE calculates Nmax for the worst-case scenario.  That is, the NTN UE assumes all receiving packets are erroneous.  Based on the available memory size and packet size, a value for Nmax is calculated in such a way to assure all arriving packets in different HARQ processes have enough room to be stored and saved for later use in UE’s HARQ memory, in case every single packet (re)transmission is failure, i.e.:
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BLER target based: In this method, UE calculates Nmax for a more optimistic scenario compared to the worst-case scenario.  That is, the NTN UE assumes receiving packets will be erroneous with a probability of BLER-Target. A typical value for BLER-Target is 10%.  It means the NTN UE assumes, in average, a fraction of arriving packets with a rate of BLER-Target will not be decodable.  So it only needs to store a fraction of arriving packet for HARQ operation.  Based on the available memory size, packet size, and BLER-Target, a value for Nmax is calculated in such a way to assure arriving packets in different HARQ processes have enough room to be stored in UE’s HARQ memory, in case only BLER-Target of packets (re)transmissions fail, i.e.:
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where PBLER is BLER-Target. 
The parameter BLER-Target is an optional configurable parameter, by which gNB configures an NTN UE.  
Clearly with this solution, no matter what method is used for the calculation of Nmax, its value will always be less than what (1) suggests.  This means that gNB has to halt initiating a new HARQ process session once it reaches Nmax, and then wait for receiving an ACK from the NTN UE to initiate a new HARQ process session. This fact is shown in Figure 1, where gNB halts initiating any new HARQ process after Nmax processes.  Clearly the drawback of this approach is that for those packets which are in queue during the halt state there will be some extra latency.  This happens more when the arrival rate of the incoming packets is higher than what the RTT of the channel can take.   
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Figure 1. HARQ process timing diagram with configured number of HARQ processes 
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In this approach, gNB determines an optimal value for BLER-Target for the NTN UE and configures it by the BLER-Target.   The calculation of the BLER-Target is performed based on the NTN UE memory size, the estimated value for RTT,  the maximum number of transmissions for a packet including retransmissions, and the size of the transmission packet. 
First gNB estimates RTT duration of the transmission to the NTN UE. Then using (1), the number of HARQ processes, NHARQ , is calculated.  The optimal value for BLER-Target of the NTN UE is then calculated according to the following:
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gNB then configures the NTN UE by BLER-Target.  The configuration may be performed dynamically through a DCI filed, or statically and/or semi-statically by means of RLC configuration. The NTN UE then uses the value for BLER-Target for all CSI report operations (such as CQI calculation) and other such operations that use BLER-Target (e.g. Link Adaptation, etc.)
It is possible that the calculated value for BLER-Target is very small and out of an operating range that the network is designed for.  For that, a configuration parameter, min-BLER-Target, can be defined such that if the calculated value for BLER-Target is less than min-BLER-Target, then the NTN UE is configured by min-BLER-Target for further operation. 
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gNB can also decide whether or not totally disable the HARQ operation with retransmission. This means for the transmission of a packet, only the first transmission is performed.  If the first transmission fails, there will not be any further MAC layer retransmission.  To recover the failed packet, further retransmission(s) are performed through ARQ operation in the higher layers.  A decision for disabling/enabling HARQ operation could be made based on the NTN UE memory class, or RTT, or network type as follows:
UE memory class: If the UE memory size is not sufficient to handle the maximum number of HARQ processes, then gNB will decide to disable the HARQ process retransmission for the UE.  UE memory size information is a part of UE Capability Information that is an RRC message that UE sends to the Network (in most cases during initial registration process).  
RTT: If the estimated RTT is so large that according to (1) and (2) the required UE memory size is larger than the actual UE memory size, then gNB will decide to disable the HARQ process retransmission for the NTN UE. 
Network type: If gNB belongs to a Non-Terrestrial Network, it may totally disable HARQ process retransmission for all UEs associated with.  In such a case, signaling for disabling HARQ should be  broadcast to all UEs through system information in broadcast channel. 
Disabling HARQ operation is issued by gNB (or Network) by sending a signal or a collection of signals through either broadcast channel, or RRC configuration, or L1 DCI signaling, or a combination of RRC configuration and L1 DCI signaling. Disabling HARQ can be done explicitly or implicitly. 
Discussion 
From the above, we consider that huge RTT values in most of NTN scenarios impose some restrictions on the HARQ operation, especially for the number of HARQ processes.  New practical and viable solutions are needed to address all different NTN scenarios properly.  We provide a few possible approaches in the previous section. Those approaches will have different effects on the latency and the throughput of the system. Therefore, we believe more effort is needed to study and compare the provided approaches in terms of latency and throughput to find the best and the most efficient one to modify/redesign the HARQ operation for NTN.  
Observation 1: Several approaches are available to resolve the issue of the impact of large RTT on HARQ.
Proposal 1: NTN SI should consider efficient mechanism in terms of latency and throughput to address the impact of large RTT on HARQ processes.  

Summary
In this contribution, we provided our views related to HARQ operation for non-terrestrial networks. We showed that the large RTT duration, attributed with NTN, could potentially create problems in terms of number of HARQ processes and the memory size of the NTN UE. We then provided a few possible approaches to cope with those problems.  We summarize our views through the following observation and proposal:
Observation 1: Several approaches are available to resolve the issue of the impact of large RTT on HARQ.
Proposal 1: NTN SI should consider efficient mechanism in terms of latency and throughput to address the impact of large RTT on HARQ processes. 
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