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Introduction
A work item on Non Terrestrial Network (NTN) has been started. According to the WID[1], the following is to be specified in RAN1. 
	Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· [bookmark: _GoBack]Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



In RAN1#102-e meeting, the following is agreed. 
	Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling
Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling



In this contribution, we discuss the number of HARQ processes and PDSCH/PUSCH enhancement for user throughput improvement with a limited number of HARQ processes. 
The number of HARQ processes and signalling 
In RAN1#102e meeting, it was agreed that the maximal supported HARQ process number is up to 32. Exact number and signalling of HARQ process ID needs to be determined. The following is our observation and view on the number of HARQ processes and the signalling. 
Due to the long propagation delay in NTN scenarios, the RTT (Round Trip Time) is much larger compared to terrestrial networks. The maximum RTT for GEO and LEO are shown in Table 1. With the 16 HARQ processes as currently specified in NR, the transmission opportunity are too much restrictive (e.g. can be scheduled only 16 slots within RTT shown in Table 1). Therefore, it is essential to increase the number of HARQ processes. A concern during study item was HARQ soft buffer requirement for larger number of HARQ processes. However, UE is not necessarily required to perform soft combining for all transmissions. This is the same situation as in Rel.15 NR. In this case, soft combining gain is not obtained but retransmission gain itself is obtained. On the other hand, if HARQ-feedback is disabled, transmission opportunity is not restricted by the number of HARQ processes. However, transmission with robust parameters, e.g. lower MCS and/or repetition, is necessary to achieve sufficiently low BLER. This would cause an inefficient resource utilization because such transmission consumes more time-frequency resources. We evaluated user throughput performance for HARQ enabled cases with various number of HARQ processes and HARQ disabled case via SLS [4] (submitted in RAN1#102e). The simulation results are copied in Annex in this contribution for your reference. According to the simulation results, even without soft combining, significant gain of user throughput is observed by increasing the number of HARQ processes up to 64 for S-band and 256 for Ka-band. Even with 32 HARQ processes, the user throughput improvement compared to 16 HARQ processes is substantial (73% for S-band, 103% for Ka-band at 50% CDF of user throughput in non-full buffer simulation [4]). Furthermore, with 32 HARQ processes as the maximum number, the impact on the UE complexity and specification would be trivial. Therefore, we propose to support 32 HARQ processes for NTN. 
[bookmark: _Ref47102261]Table 1 maximum RTT in NTN scenarios
	 
	RTT in time
	RTT in slot

	
	
	SCS=15kHz 
	SCS=30kHz
	SCS=60kHz
	SCS=120kHz

	GEO
	541.46 ms
	542 slots
	 1083 slots
	 2166 slots 
	4332 slots

	LEO 1200km
	41.77 ms
	42 slots
	 84 slots
	 168 slots
	335 slots

	LEO 600km
	25.77 ms 
	26 slots
	 52 slots
	 104 slots
	207 slots



Regarding the signalling of HARQ process ID, it would be sufficient to simply add 1 bit for HARQ process ID indication in DCI format 0_1, 1_1 and 0_2, 1_2. 
Proposal 1: The maximum number of HARQ processes for NTN is 32. 
Proposal 2: 1 bit is added for HARQ process ID indication in DCI format 0_1, 1_1 and 0_2, 1_2. 

Enhancement of PDSCH/PUSCH transmissions to improve user throughput 
As shown in our simulation results in [4] (copied in Annex), even though user throughput is improved by using 32 HARQ processes compared to 16 HARQ processes, the user throughput for 32 HARQ processes is significantly degraded compared to larger number of HARQ processes (e.g. 64, 256) especially for Ka-band where slot length is shorter (0.25ms or 0.125ms) because only 32 slots over long RTT are used or inefficient low BLER operation disabling HARQ feedback. There would be enough room to improve the user throughput by enhancement of PDSCH/PUSCH transmissions. 
Proposal 3: Enhancement of PDSCH/PUSCH transmission to improve user throughput without further increasing the number of HARQ processes should be discussed.

A solution to improve user throughput without further increasing the number of HARQ processes is discussed below.
The degradation of the user throughput comes from the fact that transmission opportunity (i.e. the number of slots that can be used for transmission within RTT) is too restrictive due to lack of HARQ processes. If transmission with one HARQ process can use multiple slots, more slots within RTT can be used for transmission without increasing the number of HARQ processes. In NR Rel.15/16, transmission with multiple slots is supported by repetition that can be configured by pdsch-AggregationFactor or repetitionNumber in PDSCH-TimeDmainResourceAllocationList-r16 for PDSCH and by pusch-AggregationFactor or repetitionNumber in PUSCH-TimeDmainResourceAllocationList-r16 for PUSCH. The target of repetition in Rel.15/16 is coverage enhancement and reliability improvement. In these target usages, the overall coding rate after the repetition is reduced compared with non-repetition case. On the other hand, in order to enhance the user throughput, transport block (TB) size needs to be increased in accordance with the number of repetitions because the overall coding rate after the repetition is not intended to be reduced compared with non-repetition case. Figure 1 illustrates the repetition with increased TB size. In Figure 1, 4x TB size is used for 4x repetition and 4 times more slots within RTT are used for the transmission compared to no repetition case. In this case, instead of the reliability, the throughput is improved. 
[image: ]
[bookmark: _Ref54019136]Figure 1 Repetition with increased TB size

We conducted system level simulations to evaluate the performance for repetition with increased TB size using the simulation assumptions shown in Table 2 in Annex. In addition to the number of HARQ processes 16, 32, 64, and 256, 32 HARQ processes with 2x repetition with 2x TB size and 32 HARQ processes with 4x repetition with 4x TB size are evaluated. The simulation results for target RU=20% and 50% are shown in Figure 2. 32 HARQ processes with 2x repetition with 2x TB size achieves similar user throughput performance with 64 HARQ processes, and 32 HARQ processes with 4x repetition with 4x TB size achieves similar user throughput performance with 256 HARQ processes. 
[image: ] [image: ]
(a) target RU=20%                                                                 (b) target RU=50%
[bookmark: _Ref54283953]Figure 2 user throughput performance for repetition with scaled TB size (LEO1200km, Ka-band)

For the specification implementation, one way would be to add a scaling factor S’ to enlarge TB size in the equation for Ninfo in TS38.214 section 5.1.3.2, e.g., similar to the scaling factor used for PDSCH scheduled with RA-RNTI and P-RNTI. The scaling factor can be identical to the number of repetitions or independently configured/indicated. Details should be further discussed. 
Above solution can achieve sufficiently high user throughput with a little specification impact. Thus, we make the following proposal. 
Proposal 4: Transport block size scaling in case of repetition should be supported to improve user throughput with a limited number of HARQ processes. 

Conclusion 
We discussed issues related to HARQ enhancement in NTN. We propose the following. 
Proposal 1: The maximum number of HARQ processes for NTN is 32. 
Proposal 2: 1 bit is added for HARQ process ID indication in DCI format 0_1, 1_1 and 0_2, 1_2. 
Proposal 3: Enhancement of PDSCH/PUSCH transmission to improve user throughput without further increasing the number of HARQ processes should be discussed.
Proposal 4: Transport block size scaling in case of repetition should be supported to improve user throughput with a limited number of HARQ processes. 
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Annex: SLS results for various number of HARQ processes in [4]
In this Annex, system level simulations on DL HARQ for LEO 1200km scenario with S-band (2GHz) and Ka-band (20GHz) are shown. The following cases are simulated. 
· Case 1: HARQ-feedback enabled for all processes
- HARQ with N=16, 32, 64, 256 and infinite processes
- Scheduling opportunity is restricted by the number of HARQ processes
- All processes with soft combining, or all processes without soft combining 
- Target iBLER 10%
· Case 2: HARQ-feedback disabled for all processes
  - Scheduling opportunity is not restricted by the number of HARQ processes 
- Target iBLER 1%
Simulation assumption are aligned with [3] and shown in Table 2. Overhead and delay due to RLC retransmission procedure are not modelled. 
[bookmark: _Ref47364874]Table 2 simulation assumptions
	
	S-band (2GHz) 
	Ka-band (20GHz) 

	Satellite type
	LEO 1200km

	System bandwidth
	30MHz
	400MHz

	Subcarrier spacing
	15kHz
	120kHz

	Slot length
	1ms
	0.125ms

	Frequency reuse
	1

	Polarization reuse
	1

	Deployment scenario
	Rural, UE velocity=3km/h

	Number of UEs per satellite beam
	10, 20 

	RTT
	41.77ms (42 slots) 
	41.77ms (335 slots) 


	CQI feedback period
	20 slots

	CQI feedback delay
	20.89ms (21 slots)
	20.89ms (168 slots)


	Number of HARQ processes
	16, 32, 64, 256, infinite

	Max. number of HARQ (re)transmissions
	4  

	Target iBLER (initial BLER)
	10% for HARQ enabled process
1% for HARQ disabled process

	Scheduler 
	Proportional fair

	Traffic model
	FTP3, packet size 0.5Mbyte
Interval 5500ms (for RU=20%)
Interval 3500ms (for RU=50%)
	FTP3, packet size 0.5Mbyte
Interval 4500ms (for RU=20%)
Interval 2500ms (for RU=50%)

	Target RU (Resource Utilization)
	20%, 50%



User throughput definition is based on [5] as follows.
User throughput (during active time) is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst.

Simulation results are shown below. Even without soft combining, user throughput is significantly improved in accordance with increase of the number of HARQ processes.
[image: ]      [image: ]
(a) target RU 20%                                                        (b) target RU 50%
[bookmark: _Ref21027894]Figure 3 Simulation results (LEO 1200km, S-band)
[image: ]   [image: ]
(a) target RU 20%                                                        (b) target RU 50%
Figure 4 Simulation results (LEO 1200km, Ka-band)
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