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1 [bookmark: _Ref16667598]Introduction
During previous meetings in RAN1 and RAN2, several agreements, see appendix, have been reached regarding HARQ in NTN. However, there is still the remaining question whether more than 16 HARQ processes shall be allowed for NTN, because of the large transmission delay in NTN. This document discusses the enhancement of the number of HARQ processes based on system-level simulations.
2 Discussion
In Release 15 NR specification up to 16 HARQ processes are supported per UE in downlink direction[2]. The parallel HARQ processes are used to avoid or decrease delay due to stop-and-wait procedure, i.e. gNB needs to wait for UL HARQ feedback before transmitting a retransmission or new data. An increase of waiting time results in a decrease of user throughput. While the disabling of HARQ is already agreed as a solution to overcome the large transmission delay, an increase of the number of HARQ processes is still under discussion in RAN1.
To investigate the HARQ performance, we performed system-level simulations for LEO-1200 S-Band scenario (Case 14) comparing a system with 16HARQ processes and 32HARQ processes. The applied configuration parameters are listed in Table 1. 
Table 1 Configuration Parameters SLS
	Scenario
	LEO-1200, S-band (Case 14)

	Duplexing
	FDD

	Numerology
	15kHz, 14 OFDM symbol slot

	Simulation bandwidth
	30MHz

	Transmission delay (one way)
	16ms

	Scheduling
	Proportional Fair

	Resource Utilization (RU)
	20%

	Handover margin (dB)
	3

	UT attachment
	Based on RSRP



Figure 1 shows the resulting user spectral efficiency for the following 4 different parameter sets: 
· Set 1: “16HARQ, 15UEs”: system with 16HARQ processes and 15 UEs per cell
· Set 2: “32HARQ, 15UEs”: system with 32HARQ processes and 15 UEs per cell 
· Set 3: “16HARQ, 20UEs”: system with 16HARQ processes and 20 UEs per cell
· Set 4: “32HARQ, 20UEs”: system with 32HARQ processes and 20 UEs per cell
The following observations can be made:
Observation 1: 	Considering a LEO-1200 S-Band scenario with 15UEs per cell, the user spectral efficiency can be increased, if 32HARQ processes instead of 16 HARQ processes are used.
Observation 2: 	Considering a LEO-1200 S-Band scenario with 20UEs per cell, the user spectral efficiency obtained with 16 or 32 HARQ processes, respectively is similar.
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Figure 1 CDF of User Spectral Efficiency
Considering the large cell size in NTN, e.g. 90km satellite beam diameter in LEO-1200, see Table 6.1.1-1 in [1], we assume the typical number of UEs per cell will even be larger than 20. Therefore, we conclude that also for NTN 16HARQ processes are sufficient.
Observation 3: 	Considering the large cell size in NTN, more than 20UEs per cell can be assumed.
So far, network settings and scheduling operation was not yet optimized for such large propagation delay with a low number of HARQ processes. We can for instance decrease the number of necessary HARQ processes by some kind of TDM scheduling of UEs in the downlink, e.g. restrict the number of UEs scheduled per TTI using rather per-UE allocations in each TTI and scheduling different UEs in different TTIs. This will show, that already for 15UEs per cell 16 HARQ processes are sufficient.
Observation 4: 	By TDM scheduling of UEs in downlink, e.g. making larger resource assignments to fewer UEs per TTI, i.e. scheduling UEs less frequently in time, the number of needed HARQ processes can be decreased.
If HARQ stalling is experienced for a lower number of UEs, HARQ disabling can further reduce a potential loss in spectral efficiency compared to a larger number of HARQ processes. For instance, 1 out of 16 HARQ processes can be disabled and can be configured to use a higher aggregation factor (“blind transmissions”). This process can be used continuously until one of the 15 blocked HARQ processes becomes available again. 
Observation 5: 	A single disabled HARQ process with higher aggregation factor will increase the user spectral efficiency, if all possible HARQ processes are in use.
The better the aggregation factor is adjusted to the actual channel condition, the smaller is a potential loss by blocked HARQ processes. In case of a lowly load cell (unlikely scenario in NTN) with lots of capacity allocated to very few UEs, a loss in spectral efficiency might be acceptable. 
Observation 6: 	In case of a lowly load cell (unlikely scenario in NTN) with lots of capacity allocated to very few UEs, a loss in spectral efficiency might be acceptable.
Therefore, we propose the following:
Proposal 1: 	There is no need to increase the number of HARQ processes for NTN.
3 Conclusions
In this document, the need to increase the number of HARQ processes for NTN has been discussed. The following observations and proposals are made:
Observation 1: 	Considering a LEO-1200 S-Band scenario with 15UEs per cell, the user spectral efficiency can be increased, if 32HARQ processes instead of 16 HARQ processes are used.
Observation 2: 	Considering a LEO-1200 S-Band scenario with 20UEs per cell, the user spectral efficiency performs similar independent if 16 or 32 HARQ processes are used.
Observation 3: 	Considering the large cell size in NTN, more than 20UEs per cell can be assumed.
Observation 4: 	By TDM scheduling of UEs in downlink, e.g. making larger resource assignments to fewer UEs per TTI, i.e. scheduling UEs less frequently in time, the number of needed HARQ processes can be decreased.
Observation 5: 	A single disabled HARQ process with higher aggregation factor will increase the user spectral efficiency, if all possible HARQ processes are in use.
Observation 6: 	In case of a lowly load cell (unlikely scenario in NTN) with lots of capacity allocated to very few UEs, a loss in spectral efficiency might be acceptable.
Proposal 1: 	There is no need to increase the number of HARQ processes for NTN.
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5 Appendix: Agreements on HARQ in RAN1 and RAN2
RAN2#105 agreements:
· Retransmissions at one or several layers shall be supported for NTN and configurable by the network
· The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission if HARQ is turned off.  FFS the impact on other procedures and how to configure
RAN2#106 agreements:
· If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
· Even if HARQ feedback is disabled, the HARQ processes are still configured. 
· Enabling / disabling of HARQ feedback is a network decision. 
RAN2#107 agreements:
· Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss.
· Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver. 
· Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.
· Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  
· It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
· The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling. 
RAN1#97 agreements:
· Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.
· Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size
RAN1#98 agreements:
· RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis
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