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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
· 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 this document, we evaluate the number of HARQ processes with comparing to HARQ feedback disabling. Considering potential shortage of HARQ soft combining buffer, the case without HARQ soft combining is also evaluated. In addition, HARQ related signalling aspects are discussed. 
Number of HARQ processes 
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 was discussed whether to increase the number of HARQ processes for NTN during study item, but not concluded. A concern raised 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. Even with a limited HARQ soft buffer at UE, retransmission based on HARQ-feedback can be performed. In this case, soft combining gain is not obtained but retransmission gain itself is obtained. 
On the other hand, in order to avoid delay due to HARQ retransmissions, it was agreed to support to configure HARQ-feedback disabling per HARQ process. In this case, 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.
System level simulations were conducted to see how the user throughput is influenced by the number of HARQ processes, with and without HARQ soft combining and target BLER difference.  
[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



0. Simulation condition
We conducted system level simulations on DL HARQ for LEO 1200km scenario with S-band (2GHz) and Ka-band (20GHz). 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)
	[bookmark: _GoBack]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 [4] 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.

0. Simulation results
Figure 1 (a) and (b) show CDF of user throughput for S-band, RU target 20% and 50%, respectively. Figure 2 (a) and (b) show CDF of user throughput for Ka-band for RU target 20% and RU target 50%, respectively. From the results, the following are observed. 
· Even without soft combining, user throughput is significantly improved in accordance with increase of the number of HARQ processes. 
· This is because the scheduler restriction due to lack of HARQ processes is alleviated by increasing the number of HARQ processes. The same user throughput performance as infinite HARQ processes can be achieved by 64 HARQ processes for S-band and 256 HARQ processes for Ka-band, respectively. 
· Although user throughput is improved by soft combining, the gain is not as large as the gain by increasing the number of HARQ processes. 
· User throughput for HARQ-feedback disabled is inferior compared to HARQ with increased HARQ processes. 
· Because "lower target iBLER transmission without HARQ-feedback“ is inefficient compared to "higher iBLER transmission with HARQ-feedback" due to the robust MCS choice. 
· For Ka-band, CDF curve for HARQ-feedback disabled is more close to the curve for HARQ with infinite processes compared to S-band. 
· Influence of the delay caused by the retransmissions to user throughput is larger compared with S-band because slot length is smaller (RTT=335slots).
Similar trend is observed for both target RUs (i.e. packet arrival intervals) except that throughput is more restrictive in RU50% than RU20%. To evaluate the impact of the number of UEs per beam, simulation results with 20 UEs were also conducted. As shown in Annex A, similar user throughput performance is observed for 10 UEs and 20 UEs.
Furthermore, two additional cases with mixed operation were evaluated, Case 3: mixed operation with HARQ-feedback enabled process and HARQ-feedback disabled process and Case 4: mixed operation with and without soft combining. The simulation results are shown in Annex B. Case 3 improves user throughput compared to Case 2 (HARQ-feedback disabled for all transmissions) but not as high as Case 1 (HARQ-feedback enabled) with larger HARQ processes. The performance of Case 4 is in-between the performance with soft combining and without soft combining. See details in Annex B.  
[image: ]      [image: ]
(a) target RU 20%                                                        (b) target RU 50%
[bookmark: _Ref21027894]Figure 1 Simulation results (LEO 1200km, S-band)
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(a) target RU 20%                                                        (b) target RU 50%
[bookmark: _Ref21028204]Figure 2 Simulation results (LEO 1200km, Ka-band)

Based on above observation, it can be said that to increase the number of HARQ processes can significantly improve user throughput even without increasing the HARQ soft buffer, and can achieve much higher throughput than HARQ-feedback disabled case.  
Thus, we propose the following. 
Proposal 1: The maximum number of HARQ processes should be increased for NTN. Candidate would be up to 64 for S-band (FR1) and 256 for Ka-band (FR2). 

Signalling related to HARQ
Indication for HARQ process ID
It is preferable to minimize the DCI size from coverage/reliability point of view. Therefore, it should be discussed a solution to extend the number of HARQ processes without too much increasing indication bits of HARQ process ID. As listed in [3], the following options would be considered. 
Option 1: HARQ process is tied to SFN/slot number 
Instead of explicitly indicate the HARQ process ID, HARQ process is tied to SFN/slot number, as in synchronous HARQ. A few bits would be used for HARQ process ID indication to have some flexibility of scheduling. 
Option 2: Reuse HARQ process ID within RTT 
Instead of tight linkage to SFN/slot number as synchronous HARQ in option 1, the time period corresponding to RTT is segmented to multiple time segments identified by SFN/slot. The same HARQ process ID is used for TBs in different time segments. This is a kind of combination between synchronous and asynchronous HARQ.

Proposal 2: The following implicit indication of HARQ process ID should be discussed to minimize the DCI size. 
   Option 1: HARQ process is tied to SFN/slot number 
   Option 2: Reuse HARQ process ID within RTT by time segmentation 

0. Indication for HARQ soft combining 
As explained in section 2, increase of HARQ processes does not mean increase of HARQ soft buffer requirement. Our simulation results show even with limited soft buffer, to increase the number of HARQ processes can significantly improve the throughput performance. In this case, UE may or may not store the reception data depending on the soft buffer situation, i.e. UE stores the soft data if the buffer is available and not store the soft data if the buffer is fully used. On the other hand, it would be desired to utilize soft combining for high priority data, e.g. RRC message, for a reliable transmission. 
In order to allow gNB to control UE soft buffer usage, a flag in DCI would be useful to indicate a recommendation on whether UE should store the reception data for soft combining. gNB would indicate the flag set to 1 when it transmits high priority data e.g. RRC message. 
This flag can be used not only for HARQ-feedback enabled process but also for HARQ disabled process. For HARQ-feedback disabled process, blind retransmissions (without configuring pdsch-AggregationFactor) might be used to improve the reliability. Because UE does not know when gNB stops the blind retransmissions, UE would keep the received data in the soft buffer. By indicating the usage of UE soft buffer from gNB, UE can store the data only when more blind retransmissions are expected. 
Proposal 3: A flag in DCI to recommend UE to store HARQ buffer should be supported.

Conclusion
In this contribution, we evaluated the number of HARQ processes for NTN. According to the simulation results, to increase the number of HARQ processes can significantly improve user throughput even without increasing the HARQ soft buffer, and can achieve much higher throughput than HARQ-feedback disabled case. In addition, signaling enhancement for HARQ was discussed. 
Our proposals are summarized as follows. 
Proposal 1: The maximum number of HARQ processes should be increased for NTN. Candidate would be up to 64 for S-band (FR1) and 256 for Ka-band (FR2).
Proposal 2: The following implicit indication of HARQ process ID should be discussed to minimize the DCI size. 
   Option 1: HARQ process is tied to SFN/slot number 
   Option 2: Reuse HARQ process ID within RTT by time segmentation
Proposal 3: A flag in DCI to recommend UE to store HARQ buffer should be supported.

Reference
1. [bookmark: _Ref4499062]RP-201256, “WID: Solutions for NR to support non-terrestrial networks (NTN)”, Thales
1. [bookmark: _Ref4423482]TR38.811 V15.1.0, “Study on New Radio (NR) to support non terrestrial networks”
1. [bookmark: _Ref4747580]TR38.821 V16.0.0, “Solutions for NR to support non-terrestrial networks (NTN)”
1. TR38.913 V15.0.0, section 7.15

Annex A: simulation results for 10UE vs 20UE
Figure 3 shows simulation results for comparison between 10 UEs and 20 UEs per beam for LEO 1200km, S-band. The simulation assumptions are same as section 2.1. Similar performance is observed for 10 UEs and 20 UEs. 

[image: ]
[bookmark: _Ref47448107]Figure 3 Simulation results for 10UE vs 20UE per beam (LEO 1200km, S-band, RU 20%)
Annex B: Simulation results for mixed operation 
The following cases are evaluated as practical operations. 
· Case 3: mixed operation with and without HARQ-feedback 
- 16 HARQ processes in total, 15 HARQ-feedback enabled processes and 1 HARQ-feedback disabled process
       HARQ-feedback disabled process is used after 15 HARQ-feedback enabled processes are all used. 
- Scheduling opportunity is not restricted by the number of HARQ processes
- Target iBLER: 10% for HARQ enabled process, 1% for HARQ disabled process
· Case 4: mixed operation with and without soft combining
- 64 HARQ processes (for S-band) in total, all HARQ processes are HARQ-feedback enabled, but 16 with soft combining and 48 without soft combining
  - Scheduling opportunity is restricted by the number of HARQ processes 
- Target iBLER: 10%

Figure 4 (a) and (b) show CDF of user throughput for S-band, RU target 20% and 50%, respectively. The user throughput is improved by Case 3 compared to Case 2 (HARQ-feedback disabled for all transmissions) because more efficient transmission is possible with the 15 HARQ processes. 
The performance of Case 4 (mix of with and without soft combining) is in-between the performance for N=64 with soft combining and without soft combining. 
[image: ]   [image: ]
(a) target RU 20%                                                        (b) target RU 50%
[bookmark: _Ref47455845]Figure 4 Simulation results for mixed operation (LEO 1200km, S-band)
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