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In RAN plenary meeting #79 a new SI was proposed for non-terrestrial networks [1].  The objective of the SI is evaluating potential solutions addressing the minimum necessary identified key impact areas from the existing NTN SI [2].  More specifically, one of the objectives of this SI from the physical layer design viewpoint is to study solutions for HARQ including possibility to disable or deactivate the HARQ operation. This contribution discusses different ways of deactivating HARQ for non-terrestrial networks.
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 non-terrestrial networks for an extreme case, such as GEO bent-pipe satellite systems, RTT could be in the order of 600ms [3], which results in NHARQ values of greater than 600.  This, in turn, results in huge memory size requirements for non-terrestrial terminals and UEs.
In our previous contribution [4] we proposed some possible solutions for the issue of HARQ management in NTN.  A very straightforward and possibly simple solution to address this issue is to completely deactivate HARQ whenever necessary for non-terrestrial networks. In the following section we will review some methods how to deactivate HARQ and mitigate the need for the immense memory requirements in non-terrestrial receiver structure. 
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The HARQ deactivation can be initiated either by gNB or by UE.  In either case, of course the other side should be somehow informed. The deactivation can also be done dynamically, i.e. per transmission of a transport block, or semi-statically, i.e. deactivation for a period of time or even forever.  Nevertheless, the HARQ deactivation means for the transmission of a transport block, only the first transmission matters.  If the first transmission fails, there will be no further MAC layer retransmission(s).  To recover a transport block received unsuccessfully, further retransmission(s) are performed through ARQ operation in higher layers.  A decision for HARQ deactivation can be based on several criteria such as UE memory size, round trip time, network type, or transport block size.
In the following we consider a number of possible methods to deactivate HARQ. 
Setting HARQ process number greater than the number of HARQ processes
Non-terrestrial network gNB can configure the UE with a small value, e.g. 2, for the “number of HARQ processes” in RRC configuration. Then for scheduling a transport block, the gNB can set the “HARQ process number” field in DCI to any value greater than the value for the number of HARQ processes in RRC configuration, e.g. 16.  This way the UE interprets that for the receiving transport block the HARQ operation is deactivated.
Semi-static configuration by RRC
In this method gNB can simply set the number of HARQ processes in RRC to 0. This way the UE interprets that for all receiving transport blocks HARQ operation is deactivated.  This implies that in NR the existing set of integers for the number of HARQ processes, i.e. {2, 4, 6, 8, 10, 12, 16}, should be extended to a new set of  {0, 2, 4, 6, 8, 10, 12, 16}.
Dynamic indication in DCI
In this method we define a new identifier, namely HARQ C-RNTI.  HARQ C-RNTI identifies  grants/assignments with deactivated HARQ.   HARQ C-RNTI is a dedicated RNTI and is configured by RRC.  gNB configures a UE with a HARQ C-RNTI as part of RRC configuration.  The CRC parity bits obtained for the PDCCH payload are scrambled with the HARQ C-RNTI for HARQ deactivation.
For HARQ deactivation in downlink, DCI Formats 1_0 and 1_1, with PDCCH’s CRC scrambled by HARQ C-RNTI, are used.  One bit field in those DCI formats then are used to deactivate HARQ.  The bit field can be chosen from the available HARQ related fields such as “new data indicator”, “redundancy version”, and “HARQ process number”.
UE-specific selective HARQ deactivation
In this method, unlike the previously mentioned ones, the UE can choose to deactivate HARQ operation for those transport blocks whose sizes exceeds a maximum size, namely max-HARQ-size.  The UE first calculates the value for max-HARQ-size.  The calculation is based on UE’s memory size and the propagation delay.  The information about the propagation delay to the gNB is extracted from the timing advance information that has been already sent to the UE in random access response (RAR) during random access procedure. Once the UE calculates the value for max-HARQ-size, then it will send this information to the gNB as a part of UE Capability Information that is an RRC message.  Later, when the gNB is scheduling a transport block for transmission to the UE, if the size of the transport block is larger than max-HARQ-size, then both gNB and UE have a common understanding that the HARQ operation for that transport block is deactivated.  

Summary
In this contribution, we considered several solutions for HARQ deactivation.  Most of the solutions are achieved with minimal modifications to the existing NR procedures.  Further study is needed to investigate which one of the above solutions is the most efficient and elegant way for HARQ deactivation.   We summarize our views through the following observation:
Observation: Several solutions are available to deactivate HARQ for non-terrestrial networks with minimal impact on NR.
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