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Introduction
In RAN plenary meeting #80, a new RAN1 SI on solutions for NR was approved to support non-terrestrial network (NTN) [1] . The objective of the SI as far as physical layer is concerned is as the following: 
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 RAN2 #104 the following was agreed as well [2]:
Agreements:
-	Both options (enhancing HARQ and disabling HARQ) will be studied.

And finally in RAN2 #105 the following agreement was made [3]:
Agreement:
1.	Retransmissions at one or several layers shall be supported for NTN and configurable by the network.
2.	The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission in the if HARQ is turned off.  FFS the impact on other procedures and how to configure.
In this contribution, we discuss the challenges and some possible solutions for adapting Hybrid Automatic Repeat Request (HARQ) procedures in NTN.

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 maximum number of HARQ processes, NHARQ, is determined by the following equation:
	
	,
	(1)


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.  
For NR terrestrial networks, RTT is usually negligible compared to other transmission and processing times.  However, for NTN this is not the case.  As shown in Table 1,  due to support for different NTN scenarios and satellite altitudes, RTT could cover a wide range of values starting as little as a few milliseconds to as large as around 550ms.  For small RTT, one can use the existing NR HARQ mechanism with a little bit of tweaks and modifications. To support larger RTT, if one wants to use the existing NR HARQ mechanism, one would have to either increase the maximum number of HARQ processes significantly, or simply keep the existing NR number of HARQ processes.  The former results in huge memory size requirements for non-terrestrial terminals and UEs. Whereas, the latter results in very large waiting time to start a new HARQ process which in turn leads to poor and inefficient throughput utilization.  
[bookmark: _Ref4674370]Table 1.  Propagation delays for some typical NTN scenarios
	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km
	GEO at 35786 km

	Elevation angle
	Path
	Distance (km)
	Delay (ms)
	Distance (km)
	Delay (ms)
	Distance (km)
	Delay (ms)
	Distance (km)
	Delay (ms)

	UE: 10°
	satellite - UE
	1932.24
	6.440
	3647.5
	12.158
	14018.16
	46.727
	40586
	135.286

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464
	41126.6
	137.088

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333
	35786
	119.286

	Bent pipe satellite

	One way delay
	Gateway-satellite-UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192
	81712.6
	272.375

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38
	163425.3
	544.751

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73
	40586
	135.286

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45
	81172
	270.572



There are several ways to handle HARQ mechanism for NTN efficiently, among which deactivating the HARQ mechanism and/or adaptively adjusting the BLER target setting are among the most promising solutions.  Each of these solution suits a specific range of RTT. 
[bookmark: _Hlk4735733]Observation 1: Due to a broad range of supported RTT for NTN, several solutions may be needed to address the HARQ mechanism, each for a different RTT range. 
In the following sections we will discuss some possible methods for HARQ deactivation and BLER target adjustment.

[bookmark: _Toc505852626]Deactivate HARQ for NTN
For very large RTT, deactivating HARQ appears as the most promising solution [4] .  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.  For a UE that is connected to an NTN network with large RTT (i.e. GEO and MEO), RTT does not change rapidly even for high speed scenarios. So it seems that semi-statically HARQ deactivation would be sufficient and more practical than the dynamic deactivation.  
Observation 2: Support for semi-static (as opposed to dynamic) HARQ deactivation would be sufficient for NTN with large RTT (i.e. GEO and MEO scenarios).
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 criteria such as RTT or network type.
In the following we consider a number of possible methods to deactivate HARQ.  Even though, as suggested  in Observation 2, we do not see any immediate need for dynamic HARQ deactivation, the following methods include both semi-static and dynamic approaches.  
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”.
With all of the above, we make the following proposal:
[bookmark: _Hlk4734274]Proposal 1: HARQ deactivation mechanism should be studied specially for large RTT.  Improvements to the existing protocol to support HARQ deactivation should be also studied.  
Adjust BLER target for NTN
For medium to low range RTT, BLER target can be adjusted properly to reduce the probability of re-transmission.  This way HARQ mechanism can still be there for increased reliability.  However, to avoid large waiting time to initiate a new HARQ process (after all processes are used up), the number of HARQ processes have to be increased.  Note that there will be no need for huge memory requirement, since statistically with reduced BLER target the majority of transmissions will be successful in the first attempt and the extra memory storage for different redundancy versions will not be needed. 
Observation 3: BLER target adjustment can be used to keep HARQ activated and gain from its benefits for medium to low range RTT.   
gNB can determine an optimal value for BLER target for a UE and configures the UE by the BLER target.  For example, the optimal value for BLER target of a UE can be roughly calculated according to the following:
	
	
	[bookmark: EqNharq][bookmark: EqBLER](2)


where Mrx is UE’s memory size, Mp is size of transmission packets, and Ntr is the maximum number of transmissions for a packet including retransmissions.  The number of HARQ processes, NHARQ , is calculated using (1). Configuration of BLER target may be performed dynamically through DCI filed, or statically and/or semi-statically. A 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 (link adaptation, etc.)
In practice, the actual number of packet errors and the number of resulting HARQ processes are random variable. Therefore, rather that the deterministic approach suggested by (2), the calculation for the appropriate BLER target can be based on the stochastic model of the packet errors and the needed reliability, i.e. the probability of not surpassing the limit of maximum number of HARQ processes.
[bookmark: _Hlk4735883]Proposal 2:  BLER target adjustment mechanisms should be studied specially for medium to low RTT.  

Summary
In this contribution, we discussed HARQ deactivation mechanism for large RTT NTN scenarios. We also provided several solutions for that.  Most of the solutions are achieved with minimal modifications to the existing NR procedures.  Further study is needed to investigate which one of those solutions is the most efficient and elegant way.   Moreover, we discussed BLER target mechanism to deal with medium to low RTT while enjoying from HARQ benefits. The following summarizes our views through some observations and proposals:
Observation 1: Due to a broad range of supported RTT for NTN, several solutions may be needed to address the HARQ mechanism, each for a different RTT range.
Observation 2: Support for semi-static (as opposed to dynamic) HARQ deactivation would be sufficient for NTN with large RTT (i.e. GEO and MEO scenarios).
Observation 3: BLER target adjustment can be used to keep HARQ activated and gain from its benefits for medium to low range RTT.   
Proposal 1: HARQ deactivation mechanism should be studied specially for large RTT.  Improvements to the existing protocol to support HARQ deactivation should be also studied.  
[bookmark: _GoBack]Proposal 2:  BLER target adjustment mechanisms should be studied specially for medium to low RTT.
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