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1 Introduction
[bookmark: _GoBack]In RAN2#106, following agreements related to blind retransmissions without HARQ feedback were made [1].
Agreements 

1. 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.  
2. Even if HARQ feedback is disabled, the HARQ processes are still configured. 
3. Enabling / disabling of HARQ feedback is a network decision. 

Email discussions in RAN2#107 [2] on HARQ further resulted in the following major agreements:

Agreements 

1. 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.
2. 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. 
3. 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.
4. 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.  
5. It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
6. The enabling / disabling of HARQ feedback can be configurable on per UE and per HARQ process basis via RRC signalling. 


HARQ is originally introduced for performance enhancements during failure of initial-transmissions. HARQ could be configured to achieve a trade-off between the performance and latency for each packet. In NTN, the determination of required number of HARQ processes will be dominated by RTT, which could be different for different NTN-scenarios (LEO/GEO, transparent/regenerative). In this contribution, we discuss the effects of number of HARQ processes in the performance of NTN.

2 Discussion
[bookmark: _Ref7597529]Using direct interpolation of RTT and beam spot sizes, it is estimated in [3] that a huge number of HARQ processes are required to support most of cases in NTN. Furthermore, it is also claimed that increasing the number of HARQ processes will result in significant performance gains over using conservative MCS [3]. 


[bookmark: _Ref20666033]
Table 1 	Maximum HARQ process number [3]

	Scenarios/Para
	LEO
	GEO

	
	600 km
	1200 km
	

	
	Transparent
	Regenerative
	Transparent
	Regenerative
	Transparent
	Regenerative

	RTT (ms)
	20.89
	12.89
	41.77
	25.77
	541.46
	270.73

	HARQ process number
	SCS = 15KHz
	21
	13
	42
	26
	542
	271

	
	SCS = 120KHz
	168
	104
	335
	207
	4332
	2166



Intuitively, supporting such a huge number of HARQ processes can incur huge overhead in UE’s storage and processing. 
Observation 1: Supporting huge number of HARQ processes might incur overhead in UE’s storage and processing.

2.1 Effects of Number of HARQ Processes
[bookmark: _Ref7640481]It is a fact that disabling HARQ feedback might increase the transmission failure as soft combining gains during retransmissions are not possible anymore. As mentioned in [4], if the feedback is disabled for a selective number (i.e. not all) of HARQ processes, the configuration parameters for different HARQ processes need to be different. The existing Rel-15 NR functionality of (1) selecting of more conservative Modulation Coding Schemes, (2) use of a different MCS table (3) use of higher power and (4) use of a higher aggregation factor need to be evaluated. 

Proposal 1: Transmission parameters for HARQ processes with feedback enabled and disabled should be configured differently. 
Proposal 2:	The existing Rel-15 NR functionality should be used as the baseline for achieving target performance.
Interestingly, it has been argued that the number of HARQ processes should be increased to absorb the potentially large propagation delays in NTN [3]. However, as mentioned in [4], the performance issues associated with number of HARQ processes can be addressed by several other methods, like (a) enabling / disabling HARQ feedback per UE and per process basis, with ARQ in RLC (b) TDM-type scheduling (scheduling different UEs in different slots). Performance analysis and simulation results [4] show that compared to increasing the number of HARQ processes, HARQ without feedback (RLC ARQ enabled) achieves almost similar throughput. Hence, there is no need to increase the number of HARQ process beyond 16.

Proposal 3: There is no need to increase the number of HARQ processes for NTN, as comparing to the increased the number of HARQ processes (e.g. 256 HARQ processes), HARQ without feedback (with RLC ARQ) achieves almost similar throughput performance.
3 Conclusions
In this contribution, we discuss the effects of number of HARQ processes in the performance of NTN. It has been argued that the number of HARQ processes should be increased to absorb the potentially large propagation delays in NTN. However, supporting such a huge number of HARQ processes can incur huge overhead in UE’s storage and processing. Performance issues associated with number of HARQ processes can be resolved by several other methods, like (a) enabling / disabling HARQ feedback per UE and per process basis, with ARQ in RLC. There is no need to increase the number of HARQ processes for NTN, as comparing to the increased the number of HARQ processes (e.g. 256 HARQ processes), HARQ without feedback (with RLC ARQ) achieves almost similar throughput performance.

Observation 1: Supporting huge number of HARQ processes might incur overhead in UE’s storage and processing.
Proposal 1: 	Transmission parameters for HARQ processes with feedback enabled and disabled should be configured differently. 
Proposal 2:	The existing Rel-15 NR functionality should be used as the baseline for achieving target performance.
Proposal 3: There is no need to increase the number of HARQ processes for NTN, as comparing to the increased the number of HARQ processes (e.g. 256 HARQ processes), HARQ without feedback (with RLC ARQ) achieves almost similar throughput performance.
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